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Preprocedure Considerations
Radiographic Imaging
• Computed tom ography (CT) is essent ial to evaluate for: 

 ◦  The presence and size of ext ra-axial hem atom a
 ◦  Degree of m idline shift
 ◦  Appearance of perim esencephalic cisterns
 ◦  Presence of other space-occupying lesions

• Preoperative im aging (Fig. 1.1). 

Medications
• Preoperat ive ant ibiot ics: either a cephalosporin  or vancomy-

cin  (if penicillin  allergic) should be given.
• The pat ient  should be given seizure prophylaxis at  earliest  

opportunity after arrival to the hospital. Evidence-based 
guidelines support  the ut ilizat ion  of ant iconvulsants for 
7 days in  pat ients follow ing t raum at ic brain  injury.4

• Fresh  frozen plasm a and/or other blood products/factors 
should be adm inistered preoperat ively and in t raoperat ively 
as needed to correct  coagulopathy.

Operative Field Preparation
• The head m ay be posit ioned on a doughnut  or horseshoe 

head holder, rather than a three-pinion head holder, to facili-
tate m ore rapid progression to brain  decom pression.

• The operative  eld should be prepared using an iodine-based 
sterile prep solution, provided the patient has no iodine allergies.

• The use of chlorhexidine is cont roversial; product  inser t  in -
form at ion bars the use for procedures exposing the cerebral 
m eninges. In  cases w ith  know n betadine or iodine allergies, 
chlorhexidine or alcohol prep can be used.

• The incisions are m arked and, after  nal sterile draping, in  l-
t rated w ith  1% lidocaine w ith  epinephrine 1:100,000.

Introduction
Rapid evacuat ion  of ext ra-axial hem atom as after t raum a can 
be a life-saving in tervent ion. While there is no absolute cut-
o  t im e after w hich pat ients fare worse, m any studies have 
dem onstrated bet ter outcom es w ith  earlier evacuat ion . Surgi-
cal planning m ust take in to considerat ion  the presence of other 
in t racranial lesions and the pat ient’s clin ical status. The pres-
ence of polyt raum a, the pat ient’s hem odynam ic status,1 and the 
presence of coagulopathy m ust be considered and addressed 
w hile not delaying surgical in tervent ion.

Indications
• Surgical in tervent ion  is appropriate for epidural hem atom as 

(EDH) w ith  the follow ing characterist ics2

 ◦  Glasgow  Com a Scale (GCS) score   8 and anisocoria → 
 operat ing room  as soon as possible

 ◦  Hem atom a volum e   30 cm 3

 ◦  Hem atom a volum e ,  30 cm 3 but  accom panied by:
 ▪  Thickness   15 m m
 ▪  Midline shift    5 m m
 ▪  GCS   8
 ▪  Focal m otor de cit

 ◦  E aced cisterns
 ◦  Deteriorat ing neurologic status

• Surgical in tervent ion  is appropriate for subdural hem atom as 
(SDH) w ith  the follow ing character ist ics3

 ◦  Thickness   10 m m
 ◦  Midline shift    5 m m
 ◦  Thickness ,  10 m m  and m idline shift  ,  5 m m  but  accom -
panied by:

 ▪  Neurologic worsening by 2 or m ore points on  the GCS
 ▪  Asym m etric pupils
 ▪  Fixed and dilated pupils
 ▪  In t racranial pressure (ICP)   20 m m  Hg

Surgery for Epidural and Subdural 
Hematomas
Shelly D. Tim m ons

1

TH_Ullman_CH01.indd   2 3/19/15   8:58 PM



1 Surgery for Epidural and Subdural Hematomas

3

Fig. 1.1a–d CT scan is the modalit y most commonly utilized in the perioperative set ting. (a) Epidural hematomas demonstrate a characteristic 
convex shape (due to adherence of the dura at the suture lines) and are t ypically accompanied by a (b) fracture (arrow). (c) Subdural hematomas 
by contrast, are not bound by sutures and assume a crescentic appearance, layering over the convexity. (d) A small subdural  hematoma may be 
accompanied by disproportionate mass e ect and midline shift .

c

a b

d
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4

Operative Procedure
Positioning (Fig. 1.2a, b)

Figure Procedural Steps Pearls

Fig. 1.2 (a, b) The head is turned so 
as to expose the operative 
hemicranium. The patient 
whose neck has not yet been 
cleared can be positioned 
in the cervical collar by 
placing a bolster under the 
ipsilateral shoulder and the 
ipsilateral arm across the 
chest. Pressure points should 
be padded appropriately. 
The head may be placed on 
a foam or gel doughnut to 
expedite positioning.

•  Discuss positioning with the anesthesiology team. The endotracheal tube (ETT) should 
exit the contralateral side of the mouth if placed orally, and should be secured in place 
using tape, ETT collar, etc. The eyes should be protected from corneal abrasion by placing 
ointment under each lid and taping the lids shut. 

•  Allowance for central venous catheters, peripheral intravenous catheters, and arterial 
lines should be made, with these positioned toward the  anesthesiology team if possible. 
Foley catheters should always be placed and should be accessible to the anesthesia team.

•  Pin  xation may also be used, but positioning on a doughnut or horseshoe head holder 
may expedite decompression of the brain. 

•  The head should be positioned just at or slightly overhanging the end of the table and the 
sterile craniotomy drape placed so that it hangs vertically to facilitate drainage of irrigation 
by gravity. Final draping should exclude the anesthesia setup, using a vertical drape.

•  An exit site for a subgaleal drain should be included in the area exposed by the sterile draping.
•  Reverse Trendelenburg positioning may be used to provide elevation of the head to help 

reduce cerebral edema.

a

b
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1 Surgery for Epidural and Subdural Hematomas

5

Skin Incision (Fig. 1.3)

Figure Procedural Steps Pearls

Fig. 1.3 The skin incision 
should be planned to 
create a craniotomy 
su cient to access 
the entire hematoma. 
The question mark 
or reverse question 
mark incision 
(illustrated here) 
is used commonly 
to access large 
traumatic extra-axial 
hematomas.

•  Other skin incisions may be utilized to evacuate smaller hematomas. However, before 
commit ting to a more  limited exposure, consideration should be given to the degree of brain 
swelling anticipated.

•  When using a question mark incision, care should be  taken not to place the incision too close to 
the pinna of the ear. A margin of at least 1 cm should be used.  Likewise, the vertical limb of the 
incision should be placed at least 1 cm anterior to the tragus. The scalp may be elevated o  of 
the underlying bone and retracted out of the way.

•  Scalp clips may be applied to the scalp edges to aid in  hemostasis.
•  Prior to opening the scalp over the temporalis muscle, an  instrument may be passed over 

the muscle fascia and the skin divided down to the level of the instrument with a  scalpel. The 
temporalis may then be divided in parallel with the  incision using Bovie cautery. 

•  Branches of the super cial and middle temporal arteries may be encountered and may be 
ligated and divided sharply, or cauterized with the bipolar cautery.
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Subcutaneous Dissection (Fig. 1.4)

Figure Procedural Steps Pearls

Fig. 1.4 For rapid opening, the 
temporalis muscle may be 
elevated  simultaneously 
with the scalp  ap.

•  The temporalis muscle may be elevated o  of the underlying bone using a sharp 
periosteal elevator, such as a Langenbeck, or using the Bovie cautery.

•  The musculocutaneous  ap should be protected from strangulation by placing dry 
sponges (counted) behind the  ap, which is then secured using  shhooks. A sponge 
soaked with irrigation infused with epinephrine may be placed on the undersurface of the 
galea and muscle to aid in hemostasis.

•  Bipolar cautery may be used sparingly on scalp and muscle vessels, taking care not to 
shrink the galea.
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7

Craniotomy (Fig. 1.5a, b)

Figure Procedural Steps Pearls

Fig. 1.5 (a) Bur holes are placed at the perimeter of the planned 
bone  ap, leaving su cient bony margins so that the plating 
hardware is not located immediately under the skin incision 
at  closure.

A no. 3 Pen eld dissector is used to strip the dura o  of the 
undersurface of the bone at each bur hole. If possible, the 
Pen eld should be used to make a communication, in this 
same plane, between adjacent bur holes. The high-speed drill 
attachment is converted to a cutting bit w ith a footplate and 
used to connect each pair of bur holes circumferentially.

The bone  ap should be secured in place with a  nger prior to 
making the  nal cut.

(b) As the bone  ap is elevated o  of the center dura, again 
using a no. 3 Pen eld, the edge of the  ap should be securely 
grasped and eventually removed from the exposure.

•  After creation of the bur holes using a high-speed 
drill, bone wax is applied to the raw bone edges 
where necessary. Excess wax is removed, along with 
any obstructive bone edges deep in the bur holes, 
with a cup curet te.

•  A larger instrument, such as a Langenbeck periosteal 
 elevator, may be used to elevate the  ap, as long 
as the underlying dura is protected from the sharp 
edge of the instrument. The explanted bone  ap 
should be cleared of hematoma and blood and 
placed in irrigation infused with antibiotics on the 
back table until ready to be  replaced. 

•  Center holes may be made later in the bone  ap for 
epidural tack-up sutures.

a b
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Evacuation of Epidural Hematoma (Fig. 1.6)

Figure Procedural Steps Pearls

Fig. 1.6 As the bone  ap is elevated, an epidural 
hematoma will be appreciated immediately 
in the extradural space. This may be 
removed using irrigation and suction.

The source of bleeding should be 
addressed as quickly as possible, utilizing 
bipolar cautery on the vessel itself, and/or 
bone wax on the foramen spinosum w here 
the vessel enters the  cranium.

•  Evacuation of an epidural hematoma will often yield both organized 
hematoma and liquid blood. The hematoma is often adherent to the 
bleeding vessel, commonly the middle meningeal artery in the anterior 
temporal area. This, in turn, may be associated with a fracture of the 
squamous portion of the temporal bone.

•  Other sources of epidural hematomas may be handled similarly. Venous 
epidural hematomas sometimes require application of gel foam soaked 
in thrombin and gentle pressure, or Bovie cautery or bone wax to 
bleeding bone edges.
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Dural Opening (Fig. 1.7)

Figure Procedural Steps Pearls

Fig. 1.7 The dura is opened widely enough to allow  
access to as much of the subdural space as 
possible in the craniotomy exposure. 

The initial dural opening may be made 
w ith a no. 11 scalpel. The dural edges 
may then be grasped w ith  ne-toothed 
forceps, elevated, and the remainder of the 
opening performed w ith  ne Metzenbaum 
or tenotomy scissors. Occasionally, if the 
brain is very edematous, the opening 
may be made w ith a no. 11 scalpel over a 
groove director. 

•  For curvilinear incisions, at least 1 cm of dura should be left  between the 
durotomy and the bone edge to prevent  retraction, causing di culty 
with closure. If the brain is  signi cantly edematous and the dura is taut, 
relaxing incisions may be made in the perimeter of a curvilinear incision 
to prevent strangulation of the underlying brain by the dural edge.

•  The dural edges should be secured with 4-0 braided nylon sutures, and 
held in place with mosquito hemostats, either to gravity or secured to 
the drapes without  undue tension.

•  The dural  ap or  aps should be weighted with hemostats in order to 
prevent shrinkage during the procedure as much as possible.

•  Dural vessels may be coagulated with the bipolar at the edges of the cut 
dura.
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Evacuation of Subdural Hematoma (Fig. 1.8)

Figure Procedural Steps Pearls

Fig. 1.8 The subdural 
hematoma (SDH) is 
seen overlying the 
surface of the brain 
and is evacuated w ith 
irrigation and suction.

•  The source of any SDH should be sought. The source is often a cortical surface vein or artery. 
SDHs occasionally may emanate directly from a surface contusion.

•  Gentle irrigation with sterile saline should be used and the entire perimeter of the 
dural exposure explored with adequate lighting to ensure that the hematoma has been 
completely evacuated. A brain retractor blade may be used to gently depress the brain 
during this phase. Well-formed hematomas may be grasped with biopsy forceps and gently 
elevated from the brain surface while  ushing the area with ample irrigation. 

•  If an active bleeding source is identi ed (which is not always possible), the bleeding should 
be stopped with bipolar electrocautery, gelatin sponge soaked in thrombin, and gentle 
pressure with a cot ton pat tie. The site should be irrigated again to ensure no active bleeding 
prior to dural closure.
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Dural Closure (Fig. 1.9)

Figure Procedural Steps Pearls

Fig. 1.9 After adequate evacuation of 
the hematoma, the dura is 
closed w ith 4-0 braided nylon 
suture.

Epidural tack-up sutures are 
placed through small drill 
holes placed around the 
perimeter of the craniotomy. 
A central epidural tacking 
stitch may be brought out 
through two holes drilled in 
the bone  ap.

•  Closure of the dura should be a ected in a watertight fashion if possible. Over the 
convexity, watertight closure is not imperative. The dura may be closed with simple 
running, running-locking, or interrupted sutures. 

•  For large dural defects not amenable to primary closure due to shrunken dura, torn 
or adherent dura (common in the elderly), and/or brain swelling, a variety of dural 
substitute materials are available. The dura may be patched with  suturable graft 
materials or autograft from the patient’s own galea or muscle fascia, or closed with 
graft materials alone.

•  Prior to placing the  nal few sutures, the subdural space should be irrigated a  nal 
t ime. When a large subdural potential space remains (as in the case of an elderly 
patient and/or one with a slack brain), a small amount of irrigation may be left in the 
subdural space to lessen the risk of extensive postoperative pneumocephalus.

TH_Ullman_CH01.indd   11 3/19/15   8:58 PM



I Cerebral Trauma and Stroke

12

Bone Flap Replacement (Fig. 1.10)

Figure Procedural Steps Pearls

Fig. 1.10 Following evacuation of either an 
epidural or subdural hematoma, the 
bone  ap is replaced in its anatomic 
position, using a cranial plating 
system. The central epidural tacking 
stitch is secured.

•  Many types of cranial plating systems, with a variety of plate shapes 
and sizes, are available. These are generally made of titanium, which is 
nonmagnetic, allowing for later magnetic resonance imaging. 

•  Resorbable plates and screws are available for children. Alternatively, the 
bone  ap may be replaced with silk suture to avoid rigid  xation in the 
growing skull.
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Drain Placement (Fig. 1.11)

Figure Procedural Steps Pearls

Fig. 1.11 For large  aps, a subgaleal drain 
may be used to lessen the risk of 
postoperative subgaleal hematoma.

•  The drain should exit from a separate stab incision, formed with a trocar or 
no. 11 knife, and should be secured at its skin exit  site with a nylon stitch. 
The drain is at tached to bulb  suction.

TH_Ullman_CH01.indd   13 3/19/15   8:58 PM



I Cerebral Trauma and Stroke

14

• Pat ients w ith  severe injuries w ill likely have addit ional in-
vasive neurom onitoring (an  ICP, external vent ricular drain , 
brain  t issue oxygen m onitor, or a com binat ion  thereof) to 
guide m anagem ent . Invasive hem odynam ic m onitoring (ar-
terial line, cent ral venous line, Swan-Ganz catheter) m ay be 
indicated to assist  m anagem ent in  crit ically ill pat ients.

• Drains should be m onitored for output  every 4 hours for the 
 rst  8 hours and then every 8-hour sh ift .

• The incision and/or dressing should be m onitored for bleed-
ing in it ially, and for erythem a, exudate, and/or edem a subse-
quent to the in it ial postoperat ive period.

Medication
• Postoperat ive ant ibiot ics are cont inued for 24 hours unless 

there was gross contam inat ion present  at  the t im e of surgery, 
in  w hich case th is period m ay be extended.

• Seizure prophylaxis should be cont inued for a total of 7 days 
for pat ients w ith  EDH or SDH. The presence of docum ented 
seizures m ay provide an  indicat ion  to cont inue therapy be-
yond th is w indow.

• Hyperosm olar therapy—m annitol and/or hyper tonic  saline—
m ay be indicated for ICP control depending on the clin ical 
 picture.

• Sedat ion  and/or neurom uscular paralyt ics m ay be indicated 
to assist  ICP control depending on the clin ical picture.

• Pressor support  m ay be necessary to m aintain  adequate cra-
nial perfusion pressure depending on the clin ical  picture.

• Ongoing coagulopathy should be corrected w ith  fresh  frozen 
plasm a or other appropriate blood products/factors.

Radiographic Imaging
• Postoperat ive im aging (Fig. 1.12). 

Further Management
• Drains are rem oved on the  rst  postoperat ive day, provided 

input has slowed su  cient ly. If there is signi cant  output , re-
m oval m ay be delayed another 1 to 2 days.

• The dressing is rem oved and the wound is cleansed w ith  
warm  water and m ild soap or sham poo after 24 hours.

• Skin  sutures or staples are rem oved on or about  postopera-
t ive day 10 to 14.

Closing
• If m ass e ect  has been relieved adequately and the brain  is 

slack (creat ing dead space in  w hich blood m ay accum ulate 
postoperat ively), the pat ient’s end-t idal CO2 level should be 
allowed to rise gradually to 30 to 35 m m  Hg (roughly equiva-
lent  to pCO2 of 35 to 40 m m  Hg) during closure.

• If ongoing coagulopathy is observed, m easures should be tak-
en  to correct  clot t ing param eters int raoperat ively.

• Sterile saline irr igat ion  is ut ilized in  the in t radural space.
• After dural closure, copious am ounts of sterile saline infused 

w ith  ant ibiot ic solu t ion  (e.g., bacit racin) are used to irr igate 
the wound.

• Temporalis m uscle and fascia are reapproxim ated with 0-gauge 
braided absorbable suture. The galea is closed w ith interrupted, 
inverted, 2-0 braided absorbable suture. As the scalp closure 
proceeds, the scalp clips m ay be removed successively, by 
spreading w ith the scalp clip applier or a hem ostat.

• The skin  m ay be closed w ith  nylon or other nonbraided su-
ture, or w ith  staples. External su ture is required on the scalp, 
as there is not  a well-developed subcut icular layer.

• The wound m ay be dressed in  a variety of ways. The author 
prefers to apply a st r ip of nonadherent  pet rolatum  gauze over 
sutures or staples to prevent  pulling. This base dressing, in  
turn , is covered w ith  narrow  gauze bandages to absorb m inor 
oozing postoperat ively. The dressing is secured w ith  st retchy 
dressing tape, applied under slight tension to assist  incisional 
hem ostasis. St rips of dressing tape m ay be used to follow  the 
curvature of the head parallel to the incision for close adher-
ence. The dressing is rem oved after 24 hours, and the pat ient  
is allowed to cleanse the wound w ith  m ild soap and water.

Postoperative Management
Monitoring
• The pat ient  should be m onitored in  the post-anesthesia care 

unit  (recovery room ), progressive care unit , or in tensive 
care unit  w ith  frequent  neurologic checks, occurring at  least  
 hourly in it ially. The pat ient’s preoperat ive status and post-
operat ive course w ill dictate the t im ing of t ransit ion  to less 
in tensive m onitoring.
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Special Considerations
Preoperat ive planning is im portant in  the m anagem ent of t rau-
m at ic SDHs. Planning for possible decom pressive craniectomy 
m ust  often  be incorporated in to the posit ioning, incision , and 
bone  ap creat ion  (see Chapter 4). Pat ients w ho are likely to 
require the bone  ap to be left  out  include those w ith  m idline 
sh ift  out  of proport ion  to the th ickness of the SDH, those w ith  
e aced cisterns, those w ith  blunt  vascular injury or ischem ia to 
the a ected hem isphere, or those w ith  a signi cant  am ount of 
underlying contusion.

Fig. 1.12a, b Axial CT images demonstrating resolution of (a) epidural hematoma and (b) subdural hematoma.
a b

TH_Ullman_CH01.indd   15 3/19/15   8:58 PM



16

Chronic Subdural Hematomas
Branko Skovrlj, Jonathan Rasouli, A. Stew art Levy, P.B. Raksin, and Jam ie S. Ullm an2

Introduction
Chronic subdural hem atom a (CSDH) is one of the m ost  com -
m only t reated neurosurgical disorders in  the world. The 2006 
Am erican Associat ion of Neurological Surgeons procedural sur-
vey repor ted over 43,000 bur holes perform ed for the evacua-
t ion  of ext ra-axial (subdural/epidural) hem atom as.1 The m ost 
com m on pat ient  characterist ics are elderly m ales w ith  or w ith-
out a h istory of head t raum a.2,3 Addit ional r isk factors include a 
h istory of alcoholism , the presence of an  in ternal cerebrospinal 
 u id (CSF) shunt , and acquired or congenital bleeding diathe-
sis.4 CSDHs are often  unilateral, but present  as bilateral in  ap -
proxim ately 16 to 25% of cases.3,5 The m ost  com m on present ing 
sym ptom s include headache, ataxic gait , confusion, aphasia, 
and various nonspeci c com plain ts. If the CSDH is large and 
causes signi cant m ass e ect , paresis, seizure, and com a m ay 
ensue. Mortalit y stat ist ics vary am ong inst itut ions, but gener-
ally range from  5 to 16%.6,7

Several theories exist  to explain  the pathogenesis of CSDH. 
The prevailing hypothesis is that  m ost star t  as acute subdural 
bleeds that  t r igger a local in  am m atory response in  the sur-
rounding m eninges. In  am m ation t r iggers the m igrat ion  of  -
broblasts, w hich then create m em branes that  organize the clot  
and secrete vascular endothelial grow th factor (VEGF) that , in  
turn , prom otes the form at ion of capillar ies w ith in  these m em -
branes.8 Over t im e, these m em brane capillaries bleed and pre-
vent the blood from  being reabsorbed. Hem oglobin  eventually 
is broken dow n in to hem osiderin , leading to the characterist ic 
appearance of CSDH on com puted tom ography (CT)/m agnet ic 
resonance (MR) im aging (Fig. 2.1).

Managem ent of CSDH typically involves surgical evacuat ion  
of the clot  and placem ent of postsurgical drains to prevent  reac-
cum ulat ion of blood in  the subdural space. In  part icular, the use 
of drains after bur hole evacuat ion of CSDH has been show n to 
reduce both  recurrence and m ortalit y at  6 m onths.9 Several op -
erat ive approaches are available. Bur hole drainage is perform ed 
m ost  com m only. A “m ini”-craniotomy m ay augm ent visualiza-
t ion  of the subdural space. When the radiographic appearance 
is favorable, bedside procedures—such as m inim ally invasive 
tw ist  dr ill catheter placem ent  or suct ion  evacuat ion—can be 
used to good e ect . In  addit ion  to these surgical techniques, 
several sm all studies have suggested that  dexam ethasone 
therapy m ight show  som e prom ise in  t reat ing CSDH.10,11 Newer 
pharm acological t reatm ent , such as the use of t ranexam ic acid 
(an  ant ithrom bolyt ic agent), is invest igat ional.12 CSDH recur-
rence rates vary am ong inst itut ions, but  generally range from  
8 to 16%.13,14 Several studies have suggested that  CSDH recur-
rence rates are higher w ith  bilateral CSDH, w ith large volum es 
of pneum ocephalus after evacuat ion, and w ith use of ant ico-
agulat ion  therapy.13,14

Indications
All Procedures
• Subacute or chronic subdural hem atom a w ith  m axim um  

thickness .  10 m m  and/or m idline sh ift  .  7 m m
• Subacute or chronic subdural of any th ickness causing m ass 

e ect , m idline shift , or neurologic signs and sym ptom s.

Minimally Invasive
• Favorable CT im aging character ist ics—a uniform ly isodense 

or hypodense collect ion  in  the subdural space—are present . 
This suggests the subdural hem atom a is su cient ly lique ed 
to perm it  drainage via a ventriculostomy catheter.

• The presence of an isodense, or even slightly hyperdense, 
“ground glass” appearance is not necessarily a contraindication  
to catheter drainage. This phenom enon is seen som etim es in  
the set t ing of a subacute or “acute on chronic” subdural hem a-
tom a, often w ith a gradual gradient from  anterior hypodensity 
to posterior hyperdensity (re ecting dependent acute blood 
m ixed w ith the predom inantly chronic hem atom a). These 
usually can be drained e ect ively w ith a bedside catheter or 
suction evacuat ion procedure.

• A sm all am ount  of acute, hyperdense subdural blood w ith in  a 
larger, m ost ly chronic, hypodense collect ion  is not necessar-
ily a cont raindicat ion .

• While adequate drainage can be achieved even in  the pres-
ence of a few  subdural m em branes, extensive m em branes 
and m ult iple layers of subdural hem atom a (SDH) of di erent  
ages or densit ies m ay pose a challenge. Bur hole drainage or 
craniotomy should be considered in  th is set t ing.

Preprocedure Considerations
Radiographic Imaging (Figs. 2.1, 
2.2, and 2.3)
• X-ray: In  general, X-ray is a poor diagnost ic tool for CSDH. 

Occasionally, a plain   lm  of the skull m ay reveal a calci ed 
CSDH.15

• CT: CT is the  gold-st andard  im aging m odalit y for d iagnosing 
CSDH. SDHs classically dem onst rate  a  crescen t ic con  gura-
t ion , as their  d ist r ibu t ion  over  the cor t ical convexit y is not 
bounded  by su t u re lines (in  con t rast  to ep idural bleeds). 
Mass e  ect , cor t ical buckling, and  m id line sh ift  m ay also 
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appear depending on  the th ickness and  size  of the clot . The 
 appearance of blood  on  CT scan  w ill change over t im e as 
the  blood  p roduct s age (Table  2.1);  subacu te blood  appears 
isodense and  ch ron ic blood , hypodense relat ive  to brain . 
The degree of m id line  sh ift  and th ickness of subdural blood 
are  usefu l rad iograph ic m arkers to assist  clin ical decision  

Fig. 2.1 Patient with subacute subdural hematoma with a so-called 
“hematocrit” e ect with blood of di erent densities layering in a 
dependent fashion. There is mass e ect causing mild shift and left 
ventricular e acement. This patient was deemed a good candidate for 
bur hole drainage.

m aking regard ing operat ive in terven t ion . Noncon t rast  CT 
usually is adequate to assess the age of the blood  presen t , 
and  therefore, the likelihood  that  it  w ill be  drained  success-
fu lly via m in im ally invasive or open  m eans. Con t rast -en -
hanced  im aging shou ld  be considered  if there is concern  for 
subdural em pyem a or for clar it y in  the set t ing of a subacu te 
subdural hem atom a that  is isodense w ith  respect  to the 
brain  t issue. Enhancem ent  of cor t ical veins helps to de  ne 
the  boundar y bet w een  cor tex and  hem atom a. Con t rast  m ay 
also dem onst rate the  presence of m em branes.

• MRI: Magnet ic resonance im aging (MRI) is sim ilarly sensi-
t ive and speci c for diagnosing CSDH as CT scan ; it  is po-
ten t ially m ore sensit ive in  determ in ing size and in ternal 
st ructure.16 CT generally is preferred  due to the h igh  cost  
of MR im aging as well as the t im e required to perform  the 
study. Sim ilarly to CT scanning, the appearance of subdural 
blood w ill also change over t im e (Table 2.2). MRI m ay be 
considered for m ore detailed evaluat ion  of m em branes and 
layers if there is concern  regarding the feasibilit y of catheter 
drainage.

Medications
• In t ravenous (IV) ant ibiot ics should be given w ith in  1 hour 

prior to incision . The use of prophylaxis in  the set t ing of m in-
im ally invasive bedside procedures is left  to the discret ion  of 
the surgeon.

• Ant iepilept ic drug prophylaxis should be adm inistered.
• Sedat ion  for bedside procedures should be adm inistered w ith  

caut ion. Minim ize dosing or avoid sedat ion , if  possible, as pa-
t ients w ith  CSDH m ay be par t icularly sensit ive to its e ects. 
One of the bene ts of the bedside SDH drainage procedure 
is the possibilit y to w itness rapid neurologic  improvem ent 

a b
Fig. 2.2a, b Large right frontoparietal subdural hematoma causing mass e ect and right ventricular e acement. There are some septations within 
the mixed density subdural. A small craniotomy was chosen to evacuate the collection.
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w hen m inim al or no sedat ing m edicat ions are used. This 
stands in  cont rast  to the delayed em ergence som e (often  
 elderly) pat ients experience after bur hole drainage under 
general anesthesia. Bur hole procedures in  the operat ing 
room  can be perform ed under conscious sedat ion  or gen-
eral anesthesia as per surgeon preference or pat ient  toler-
ance. Craniotom ies t ypically are perform ed under general 
 anesthesia.

Operative Field Preparation
• The hair overlying the a ected hem isphere is clipped w ith  

elect ric clippers. 
• Sterile skin  preparat ion  is perform ed w ith  povidone iodine 

or chlorhexidine.
• The planned incision sites are in  lt rated w ith  1% lidocaine 

w ith  1:100,000 epinephrine.
• Available im aging should be studied carefully to determ ine 

the ideal ent ry point  for the tw ist  drill craniostomy. The 
target  is alm ost always m ore lateral than the t ypical inser-
t ion  site for a ventriculostomy or in t racranial pressure (ICP) 
m onitor.

Fig. 2.3 CT scan of a patient’s head with a homogenous right hemispheric 
subdural hematoma and right to left midline shift. This case was selected 
for twist drill craniostomy.

Table 2.1 CT appearance of subdural blood over time17

Time
Appearance relative 
to brain parenchyma

Hyperacute (,  24 hours)
Acute (1–2 days)
Subacute (2–13 days)
Chronic (.  14 days)

Hypo-/isodense
Hyperdense
Isodense
Hypodense

Table 2.2 MR appearance of subdural blood over time18

Time T1 T2

Hyperacute (,  24 hours)
Acute (1–3 days)
Early subacute (3–7 days)
Late subacute (8–13 days)
Chronic (.  14 days)

Hypo-/isointense
Hypo-/isointense
Hyperintense
Hyperintense
Hypointense

Hyperintense
Hypointense
Hypointense
Hyperintense
Hyptointense
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Operative Procedure
Bur Hole Drainage
Positioning and Skin Incision (Fig. 2.4a, b)

a

b

Figure Procedural Steps Pearls

Fig. 2.4 The patient is positioned supine on a donut or a horseshoe, w ith 
the head rotated approximately 30 degrees to the contralateral 
side. A shoulder roll is placed longitudinally beneath the ipsilateral 
shoulder. The back of the bed is elevated slightly.

Bur Holes (Right)
Two incisions—each approximately 3 cm in length—are planned along 
a line that bisects the interval between midline and superior temporal 
line. The anterior incision is positioned just anterior to coronal suture 
and the posterior incision, over the parietal eminence.

Small Craniotomy (Left)
A “lazy ‘S’” incision is begun from approximately 1 cm below  the 
superior temporal line extending superiorly approximately 2 cm 
lateral to the midline in the parietal region approximately 1 cm 
posterior to the coronal suture. The incision can be further tailored to 
the location and size of the hematoma.

•  For bilateral procedures, the head is kept in 
a neutral position.

•  Trace out a reverse question mark–type 
incision over the a ected hemisphere. This 
will facilitate a more extensive opening, if 
necessary. The planned bur hole incision 
sites should fall along the superior limb of 
the question mark.

•  If the CT appearance of the extra-axial  uid 
is both hypodense and homogeneous, it  
may be possible to drain the collection 
through a single bur hole.
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Incisions and Bur Holes/Craniotomy (Fig. 2.5)

Figure Procedural Steps Pearls

Fig. 2.5 A no. 10 blade is used to open each incision to the level of pericranium. The 
pericranium is opened with Bovie electrocautery and swept to either side 
with a periosteal elevator. For the craniotomy, scalp clips are applied to the 
scalp edges. The temporalis is incised and is re ected w ith the skin incision. 
Self-retaining retractors are placed.

Bur Holes (Right)
Place a single bur hole at each incision site, using a round or matchstick bur, 
perforator, or acorn drill. Apply bone wax to the bony edges as necessary.

Small Craniotomy (Left)
•  Place bur holes at the apices of the exposed calvarium. A footplate 

attachment, dental tool, or Pen eld no. 3 is used to free the underlying 
dura from the bone. Use the craniotome to create a small bone  ap, 
limited to the size of the opening.

•  The craniotome is used to create a roughly ovoid  ap. The bone is 
elevated—using a blunt surgical tool to dissect any remaining dural 
attachments to the undersurface of the bone—and set aside in antibiotic 
solution.

•  Bur Holes
◦  Bur holes should be 1.5 to 2 cm 

in diameter.

•  Craniotomy
◦  Resistance may be encountered 

at the level of coronal suture, 
where the dura is more  rmly 
adherent to bone.

◦  The bone  ap will be 4 to 5 cm in 
diameter.
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Dural Opening (Fig. 2.6)

Figure Procedural Steps Pearls

Fig. 2.6 Bur Holes (Right)
•  Coagulate the exposed dura with bipolar electrocautery at each bur hole site.
•  Open the dura in a cruciate fashion with a no. 11 blade. Coagulate the dural 

lea ets with bipolar electrocautery to prevent bleeding into the subdural space 
and to ensure opening of the dura across the full surface area of the bur hole.

•  Upon opening the dura, there may be immediate expulsion of liquid 
hematoma. If not, a membrane is likely present. The membrane should 
be coagulated w ith bipolar electrocautery and opened sharply with a 
no. 11 blade.

Small Craniotomy (Left)
•  Drill holes circumferentially at the periphery of the craniotomy site. 

Line the edges of the craniotomy site w ith thin strips of gelatin sponge 
soaked in thrombin. Place epidural tacking stitches circumferentially with 
4-0 braided nylon sutures.

•  Open the dura in a cruciate fashion, w ith a no. 11 blade, followed by 
tenotomy scissors.

•  An outer membrane may be present upon opening of the dura. Usually, it is 
possible to develop a distinct plane between the undersurface of the dura and 
the membrane, using a dissector and cotton patties.

•  Re ect the resulting dural  aps to each quadrant and secure them w ith 
4-0 braided nylon sutures.

•  Bur Holes
◦  The posterior site should be 

opened  rst  to encourage 
gravitational drainage.

◦  At tach one suction unit to a 
Luken’s trap prior to opening 
the dura in order to facilitate 
collection of a specimen for 
pathology.

•  Craniotomy
◦  When subdural hematoma is 

present, the dura will have a 
bluish hue.

◦  A 4-0 silk suture, passed 
through the periosteal dural 
layer, may be used to lift  
the dura away from the 
underlying structures to 
facilitate opening.

◦  The subdural membrane 
often has a brown-green hue.
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Hematoma Evacuation (Fig. 2.7)
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Figure Procedural Steps Pearls

Fig. 2.7 Bur Holes (Right)
•  Once the initial egress of  uid subsides, inspect each bur 

hole site.
•  Provided the brain has not expanded to  ll the subdural space, 

a small red rubber catheter may be introduced—under direct 
vision.

•  Gravity irrigation may be performed w ith lukewarm saline. A x 
a 10- to 20-mL syringe—w ith the plunger removed—to the open 
end of the red rubber catheter. Elevate the syringe,  ll the open 
end with irrigation, and allow  it to funnel through the catheter, 
into the subdural space. Monitor the bur hole sites during 
this process to ensure that there is communication within the 
subdural space between the two holes. Alternatively, the surgeon 
may elect simply to  ush irrigate between the two bur holes.

•  Reorient the catheter within the subdural space as necessary to 
permit access to additional hematoma.

•  Continue irrigation until the returning  uid is predominantly 
clear in all directions.

Small Craniotomy (Left)
•  Coagulate the surface of the membrane and open it w idely—

w ithin the craniotomy  eld—w ith the bipolar and scissors.
•  There w ill be immediate expulsion of liquid hematoma. Collect 

a specimen in the Luken’s trap for pathology. (Consider taking a 
specimen of membrane as well.)

•  Use bulb irrigation w ith lukewarm saline to  ush additional clot 
from the subdural space at the periphery of the craniotomy site. 
Membranes and septations can be broken apart w ith bipolar 
coagulation.

•  Irrigation w ith a red rubber catheter in a systematic, 
circumferential fashion under the craniotomy edge is performed 
until the returning  uid is clear in all directions.

•  Address bleeding points along the membrane and cortical surface 
w ith bipolar electrocautery and/or adjuvant hemostatic agents as 
necessary.

•  Additional holes may be placed along the 
distal 2 to 3 cm of the red rubber catheter, 
taking care not to sever the tubing.

•  If the  uid introduced through one hole 
does not exit  the second hole, there may 
be an additional membrane that is limiting 
communication. Halt irrigation and reassess.

•  The red rubber catheter may be guided 
in any direction where there is presumed 
to be hematoma; however, if resistance 
is encountered, do not force the catheter 
into position. It is possible for the catheter 
to penetrate brain parenchyma or to tear a 
bridging vein, resulting in hemorrhage.

•  If acute hemorrhage is suspected (and the 
 uid does not clear with continued irrigation), 
consideration must be given to conversion 
from bur holes to a full craniotomy.

•  The membrane does not need to be cut 
beyond the edges of the craniotomy. The 
vascularized membrane can bleed, and such 
bleeding may be di cult  to control if remote 
from the craniotomy.

•  Craniotomy also facilitates  ushing out of 
more organized rests of hematoma not 
accessible via bur holes.

•  The inner membrane, if present, is not 
stripped from the surface of the brain due to 
the risk of precipitating cortical bleeding.

•  It is important to control active bleeding. 
Placing gelatin sponge soaked in thrombin in 
small pieces or strips along the undersurface of 
the bone can be helpful in stopping bleeding 
from membranes in di cult-to-reach areas.
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Drain Placement (Fig. 2.8)

Figure Procedural Steps Pearls

Fig. 2.8 Bur Holes (Right)
•  A small Jackson-Pratt drain or ventricular catheter may be 

introduced into the subdural space at the frontal site and 
advanced, over a Pen eld no. 3, until it is visualized at the 
parietal bur hole. The drain can be advanced further if no 
resistance is encountered.

•  Irrigate the bur holes w ith normal saline (using a syringe w ith 
an angiocatheter tip) to  ush out air w ithin the subdural space. 
Cover each dural opening w ith a piece of gelatin sponge to 
prevent further air or blood from entering the subdural space.

Small Craniotomy (Left)
•  A  at or soft round small Jackson-Pratt drain is carefully placed in 

the subdural space under direct visualization w ithout resistance 
depending on how  much brain expansion is encountered. The 
dura is closed in an interrupted or running fashion. The cavity 
is irrigated to remove most of the air. Gelatin sponge is placed 
over the cavity prior to replacing the bone  ap to prevent air and 
blood from getting into the subdural space during closure.

•  Bur Holes
•  On occasion, the brain expands to  ll the 

subdural space, leaving lit t le or no room for 
a drain. In such circumstances, the risk of 
placing a subdural drain may outweigh the 
bene ts of ongoing drainage.

•  Craniotomy
•  Compressed gelatin sponge can be used to 

overlap the craniotomy edges especially if a 
watertight dural seal cannot be achieved.

•  A subgaleal drain may be left  in place as 
needed to help prevent a postoperative 
subgaleal hematoma or leakage of 
subgaleal blood into the subdural space.
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• The galea and subcutaneous t issue are approxim ated in an in-
terrupted fashion using inverted 3-0 braided absorbable suture.

• The skin  is closed w ith  staples or w ith  3-0 nylon sutures in  a 
ver t ical m at t ress fashion.

• A 2-0 braided suture is placed in  a pursest ring fashion around 
the subdural drain  exit  site to anchor the drain to the skin  
and seal the space around the drain , prevent ing inadvertent  
drain  rem oval, as well as leakage of blood and/or CSF from  
the drain  site.

• A sim ilar suture is placed around the subgaleal drain , if 
present , at  its exit  site.

• The skin  around the incisions is cleaned of all blood products 
and surgical debris.

• A sterile dressing is applied.

Closing
• Super cial skin  and subcutaneous bleeding is cont rolled 

using bipolar elect rocautery.
• The incision site is irr igated w ith  ant im icrobial solut ion .
• For the sm all craniotomy:

 ◦ The bone  ap is secured to the skull w ith  t itanium  plates 
and screws. The subdural drain  should exit  via a bur hole. 
It  is som et im es necessary to create a groove (w ith  a m atch-
st ick bur) on  the undersurface of the bone  ap—at the 
bur hole site—in order to avoid kinking of the drain  at  it s 
exit  site.

 ◦ The tem poralis m uscle, if breached, is reapproxim ated 
using 2-0 braided nylon sutures.
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Operative Procedure
Twist Drill Craniostomy
Positioning and Skin Incision (Fig. 2.9)

Figure Procedural Steps Pearls

Fig. 2.9 The patient’s head is positioned on a  rm surface, such 
as a folded blanket or gel donut, and turned 15 to 
30 degrees to the contralateral side (60 degrees if a 
more posterior parietal entry point is required). Make 
a small stab incision at the desired insertion site w ith a 
no. 15 blade. The entry point for the catheter insertion 
is chosen over a relatively thick part of the SDH that is 
safely accessible, usually in the frontal region, about 2 cm 
in front of the coronal suture and 4 to 8 cm o  midline.

•  Soft restraints are often necessary to prevent the 
patient from inadvertently reaching into the sterile  eld. 
An assistant may be useful to stabilize the patient’s 
head during the procedure, with hands placed gently on 
either side of the patient’s jaw, under the drapes.

•  The ideal entry point is usually similar to a 
ventriculostomy entry point, but more lateral. 
Occasionally, a predominantly posterior SDH will require 
a parietal entry point.
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Drilling (Fig. 2.10a, b)

Figure Procedural Steps Pearls

Fig. 2.10 (a) A hand-operated tw ist drill is positioned at the desired entry point 
and a small hole is drilled through the skull. The tw ist drill can be 
started in the usual perpendicular angle, but once the hole is started 
and the drill bit is stable enough in the hole to not slide, the drill angle 
can be carefully adjusted o  the perpendicular angle and into the 
direction in w hich you w ish the catheter to enter. Usually this means 
tilting the drill tip posteriorly in order to angle the hole posteriorly, 
thereby directing the catheter into the subdural space and toward the 
posterior dependent portion of the chronic SDH collection.

The dura is usually penetrated w ith the drill bit. Alternatively, a no. 11 
blade or spinal needle can be used.

•  Angling the drill helps to guide the 
catheter into the subdural space smoothly, 
and also helps to avoid inadvertently 
passing the catheter through the surface 
of the brain. (b) The “Kindt Drill” type of 
short straight-axis hand drill (Fig. 2.10b) 
is ideally suited for facilitating precise 
control of the drill position and angle; 
this is done by using the dominant 
hand to twist the drill while resting the 
nondominant hand on the patient’s head 
to stabilize the drill position and angle.

a

b
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Catheter Placement (Fig. 2.11a, b)

Figure Procedural Steps Pearls

Fig. 2.11 A ventriculostomy-type catheter is inserted through the hole in 
the skull and the dura and into the subdural space. (a) The wire 
stylet is used to advance the catheter through the dura. (b) As 
soon as the catheter has passed through the dura, the catheter 
should then be advanced o  the stylet and “soft passed” into 
the subdural space, to minimize the risk of advancing the 
catheter into the brain parenchyma.

•  Choose a ventricular catheter with a larger inner 
diameter (e.g., 1.5–1.9 mm) and larger side hole 
perforations to maximize the ability to drain 
thicker CSDH contents.

•  Since the catheter is usually in place for only 12 to 
48 hours, the author (ASL) usually does not tunnel 
the catheter, but some may prefer to do so.

a

b
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Postoperative Management
Monitoring
• Pat ients are m onitored in  an  in tensive care unit  to observe for 

changes in  neurologic status and hem odynam ic param eters.
 ◦ Seizure act ivit y and postoperat ive re-bleed are the two 
m ost com m on com plicat ions.

• Pat ients are m aintained relat ively  at  in  bed (0–20 degrees) 
unt il the drains are rem oved.

• Drains are removed in a sterile fashion, usually w ithin 48 hours.
 ◦ All drain  sites m ust  be closed t ight ly using 3-0 nylon su-
tures to prevent  egress of CSF and/or ent ry of air.

• Skin  staples or sutures are rem oved after 1 to 2 weeks.

Twist Drill Craniostomy
• The pat ient  is m onitored in  the in tensive care unit , w ith  

hourly neurologic checks as long as the drain  is in  place, and 
usually for 12 to 24 hours after the drain  is discont inued.

• The head of the bed is kept   at  to prom ote gravity drainage of 
the SDH, and to avoid negat ive pressure aspirat ion  of air back 
in to the subdural space. The pat ient  can  be log rolled side-to-
side. Changes in  posit ion  m ay actually facilitate drainage of 
the SDH. The pat ient  can  be allowed to raise the head of the 
bed to 10 to 15 degrees for eat ing, if neurologically indicated.

• The drain  is placed to gravity drainage, star t ing at  or just  
below  the pat ient’s ear (Fig. 2.13a), and the level is adjusted 
to m aintain  a steady drainage rate. It  w ill becom e necessary 
to lower the drain  gradually (over several m inutes to sev-
eral hours) as the pressure in  the subdural space decreases 
(Fig. 2.13b). The author (ASL) prefers to adjust  the drain  
level in  order to m aintain  an  SDH drainage rate of approxi-
m ately 1 drop of SDH  uid per second. This gives the nurses 
a clear object ive goal in  order to m ake safe and appropriate 
adjustm ents to the drain  level, and results in  a slow, gradual 
evacuat ion  of the SDH. Pat ients seem  to bet ter tolerate slow  
drainage of the SDH, w ith  decreased risk of headache, nau-
sea, neurologic deteriorat ion , or contralateral hem orrhage. 
The drainage collect ion  bag w ill end up at  or near  oor level 
as the last  of the SDH is drained; the rate w ill decrease below  
1 drop per second and, ult im ately, stop.

• When the SDH drainage has ceased or slowed signi cant ly, 
and follow -up CT dem onst rates adequate drainage of the SDH 
(usually 50–90%), the drain is rem oved. The skin  is prepared 
in  a sterile fashion. The catheter-anchoring suture is cut  free 
from  the catheter and the catheter is rem oved, but the st itch  
itself is left  in  place in  the skin  to keep that  part  of the incision  
closed. The previously placed closing suture is t ied t ight ly to 
complete the closure of the exit  site.

• In  rare cases, xanthochrom ic-appearing CSF m ay cont inue to 
drain  inde n itely. The drain  should be discont inued after 2 to 
4 days, regardless of the volum e of cont inued drainage, and 
follow-up im aging w ill be required to determ ine if any ad-
dit ional therapy is indicated. Usually the rem aining subdural 
 u id w ill resolve spontaneously over t im e (weeks to m onths), 
and a subdural shunt  is very rarely required.

Closing
• The insert ion  site is closed around the catheter w ith  3-0 

m ono lam ent nylon sutures, w hich  are also used to anchor 
the catheter in  place.

• Since the catheter is usually in  place for only 12 to 48 hours, 
the author (ASL) prefers to place a closing st itch  w here the 
catheter exits (w hile the site is st ill anesthet ized), so that  
it  can  be easily closed w hen  the catheter is rem oved, w ith-
out  the need for opening another suture and needle holder. 
Tip: Place th is st itch  prior to the anchoring st itch  so you can 
m ove the catheter aside and posit ion  the st itch  w here the 
catheter w ill be once it  relaxes back in to posit ion . Throw  a 
surgeon’s knot  (two overhand throws in  the sam e direct ion) 
w ithout  pulling it  t ight , so that  the suture w ill stay in  place, 
and you can  easily pull it  t ight  once the catheter is rem oved 
(Fig. 2.12).

• Dress the site w ith  a dry gauze dressing and a head w rap. 
The lat ter provides a secure dressing w ith  w hich to anchor 
the external drainage tubing. A complex external ventr icular 
drain  system  is not required since ICP w ill not  be m easured; a 
sim ple drainage collect ion  bag is su cient .

Fig. 2.12 The closing stitch. A suture is placed in position to serve as a 
closing suture for after the catheter is removed. A surgeon’s knot (two 
overhand throws in the same direction) is placed but not pulled tight 
until after the catheter is removed, usually the next day.
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ba
Fig. 2.13a, b (a) The drain collection bag is initially leveled with the drip chamber “0” mark at  or just  below the level of the patient’s ear. Note the 
approximately 20-mL chronic subdural hematoma  uid already in the  drip chamber. (b) As more SDH is evacuated, and the pressure decreases in the 
subdural space, the drip chamber is gradually lowered.

Fig. 2.14 Postoperative CT scan of the patient in Fig. 2.1 undergoing 
bur hole drainage with drain in place. There is pneumocephalus and 
improvement in mass e ect. The patient also has a smaller subacute 
right parietal subdural collection which was treated conservatively.

Medication
• Ant iconvulsants are adm inistered for a total of 7 days.
• For craniotom ies and bur holes, ant ibiot ics are cont inued for 

24 hours postoperat ively.
• Dexam ethasone, in  a 2-week tapering dose, m ay be used if 

m ild expansion of the residual collect ion  is noted in  the post-
operat ive period.

• It  is recom m ended that  pat ients rem ain  o  ant icoagulant/
ant iplatelet  agents unt il the residual subdural collect ions 
resolve.

Radiographic Imaging
• A postoperat ive CT scan is perform ed to evaluate the extent 

of subdural hem atom a evacuat ion, as well as to exclude new  
postoperat ive subdural or epidural hem orrhage (Figs. 2.14  
and 2.15).

• For tw ist  drill craniostom ies, once SDH drainage has slowed 
or ceased, a follow-up CT scan of the head is obtained (usually 
the next  m orning) (Fig. 2.16).

• Consider a repeat  CT scan about 3 days after drain  rem oval to 
evaluate for reaccum ulat ion .

• Barring a change in  neurologic status, addit ional CT scans are 
usually obtained at  2 to 4 weeks, 2 to 3 m onths, and then as 
needed unt il the SDH is completely resolved.
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a b
Fig. 2.15a, b (a) Postoperative CT of patient in Fig. 2.2 undergoing craniotomy for subdural evacuation. There is a Jackson-Prat t drain in the 
subdural space and mild pneumocephalus with improvement in mass e ect. (b) Delayed scanning after drain removal revealed further decrease in 
the residual collection.

While the focus of th is chapter does not include the m edical 
t reatm ent  of subacute and chronic subdural hem atom as, it  is 
worth  m ent ioning the use of cort icosteroids as an adjunct to 
surgery. The rat ionale for the use of cort icosteroids is based on 
the ant iangiogenic propert ies and inhibit ion  of the in  am m atory 
react ion , presum ed to play a key role in  hem atom a form at ion 
and m aintenance.1,2 Five observat ional studies provide class III 
evidence that  suggests that  t reatm ent w ith  cort icosteroids for 
CSDH m ight be as safe and e ect ive as surgery, and therefore 
bene cial in  the t reatm ent of CSDH.3 However, no random ized 
controlled t r ials exam ining the use of cort icosteroids for this in -
dicat ion  have been published. Prim ary t reatm ent w ith  an oral 
ant i brinolyt ic, t ranexam ic acid, has been dem onstrated to be 
e ect ive in  a sm all series.12

A subdural suct ion  evacuat ion  system  is com m ercially avail-
able. Th is m in im ally invasive approach  has indicat ions sim ilar 
to the t w ist  dr ill cran iotostomy, bu t  does not  involve p lace-
m en t  of devices w ith in  the in t racran ial cavit y. The kit  con tains 
detailed  inst ruct ions regarding it s use and inser t ion . Th is 
techn ique provides yet  another opt ion  in  the m anagem ent  
of pat ien ts w ith  CSDH and o ers the possibilit y of im m edi-
ate relief of pressure if a pat ien t  becom es severely lethargic 
or obtunded.
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Special Considerations
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m ent . Reoperat ion  m ay be necessary. A second reaccum ulat ion  
m ay require subdural–peritoneal shunt ing (w ithout  a valve), 
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 ◦ Any lesion  calculated to be greater than  50 cm 3 in  volum e
 ◦ A parenchym al m ass lesion  that  is associated w ith :

 ▪ Progressive neurologic decline at t r ibutable to the lesion
 ▪ Refractory in t racranial hypertension
 ▪ Mass e ect  on  com puted tom ography (CT) scan

 ◦ A tem poral lobe hem atom a greater than  30 m L, w ith  or 
w ithout  any m idline shift  or elevat ion of the m iddle ce-
rebral ar tery. These pat ients are part icularly at  r isk for 
t ranstentorial herniat ion  given the lim ited space of the 
m iddle cranial fossa.

Preprocedure Considerations
Radiographic Imaging
Noncontrast  head CT is vital in  the evaluat ion  of all severe 
t raum at ic brain  injuries. CT allows for anatom ic localizat ion  of 
surgical pathology and, in  turn , facilitates planning of pat ient  
posit ioning and operat ive approach.
• Preoperative im aging (Fig 3.1).

Introduction
Cerebral contusions are observed in  up to 8.2% of all t raum at ic 
brain  injuries1,2 and are m ore com m on (13–35% of pat ients) in  
the set t ing of severe t raum at ic brain  injury.1,3–7 While contu-
sions can  occur in  alm ost  any lobe, m ost  occur in  the frontal and 
tem poral lobes.8,9 Most sm all lesions w ill not  require surgical 
in tervent ion1,3,10,11; the m ajorit y w ill reabsorb in  4 to 6 weeks.

Indications
• Guidelines m ay assist  clin ical decision  m aking w ith  respect  

to w hich  contusions m ight  require surgical in tervent ion .1

• Operat ive in tervent ion  is indicated in  the set t ing of:
 ◦ A frontal or tem poral contusion of greater than 20 cm 3 in  
volum e and associated w ith  any of the follow ing:

 ▪ Glasgow  Com a Scale (GCS) score 6 to 8
 ▪ Midline shift  at  least  5 m m
 ▪ Cisternal com pression

Fig. 3.1a, b Axial CT images demonstrating (a) frontal and (b) temporal lobe cerebral contusions.
a b
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Medication
• The au thors p refer the use of vancom ycin  for an t ibiot ic 

prophylaxis, p rovided  the pat ien t  does not  have renal fail-
u re or any other con t raind icat ions. Given  the increasing 
prevalence of m eth icillin -resist an t  Staphylococcus aureus, 
it  is possible that  the skin  can  or w ill be colon ized  by th is 
m icroorgan ism .

• An t iep ilep t ic p rophyla xis sh ou ld  be  p rovided . Fosph eny-
toin  m ay be  adm in istered  in  a  load ing dose  of 17 to 20 m g 
ph enytoin  equ ivalen t s (PE)/kg in  n on allergic pat ien t s w h o 
are  n ot  on  st an d ing an t iep ilept ic m ed icat ion ;  a lte rn ately, 
levet iracet am  m ay be  adm in istered  at  a  load ing dose  of 
20 m g/kg.

Choice of Surgical Approach
• Two di erent  approaches—bicoronal and m odi ed pterional—

are outlined in  the Operat ive Procedure sect ion; the choice of 
approach w ill depend on the site of the pathology.

• Bilateral or unilateral, m edial contusions of the frontal lobes 
m ay be addressed opt im ally by a bicoronal approach.

• A far lateral frontal contusion m ay be approached by a m odi-
 ed pter ional approach.

• Temporal contusions generally can be approached via a m od-
i ed pterional approach.

Operative Field Preparation
• Alcohol prep is perform ed before the applicat ion  of povidone 

iodine or chlorhexidine.
• The planned incisions are m arked and in  lt rated w ith  1% 

lidocaine w ith  1:100,000 epinephrine.
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Operative Procedure
Bicoronal Approach
Positioning (Fig. 3.2)

Figure Procedural Steps Pearls

Fig. 3.2 The patient is positioned supine, w ith the head in a 
neutral, upright position. The head is stabilized with 
May eld three-point  xation. The head of bed is 
elevated slightly.

•  Consider using a horseshoe headrest to facilitate more 
rapid decompression in the emergency set ting, or if a skull 
fracture prevents use of a May eld three-point  xation.
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Skin Incision (Fig. 3.3)

Figure Procedural Steps Pearls

Fig. 3.3 Mark out a bicoronal incision, starting at the level of zygoma and extending 
superiorly toward the midline, just posterior to the hairline. Carry the 
incision across midline, in a mirror fashion, to the contralateral zygoma.

Initiate the skin opening w ith a no. 10 blade. Carry the incision dow n to the 
pericranium above the superior temporal line and dow n to the temporalis 
fascia in the temporal region.

•  Scalp clips are applied to the skin 
edges to assist hemostasis.
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Subcutaneous Dissection (Fig. 3.4)

Figure Procedural Steps Pearls

Fig. 3.4 The pericranium is opened w ith monopolar electrocautery, in line with 
the scalp incision. The super cial temporal fascia and temporalis muscle 
are opened, likew ise, using monopolar electrocautery. Pericranium 
and muscle are advanced with a combination of periosteal elevator and 
monopolar electrocautery. Leave the frontalis muscle intact if possible.

The myocutaneous  ap is re ected anteriorly until the anterior middle 
fossa and supraorbital areas are accessible. The  ap is secured w ith 
mini-towel clips, hooks, or suture.

•  Special care must be taken to avoid 
compromising the frontalis branch of the 
facial nerve. Remain above the zygoma 
when approaching the inferior aspect of 
the incision.

•  A few rolled sponges are placed beneath 
the  ap as it is re ected and secured.
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Bur Hole Placement (Fig. 3.5)

Figure Procedural Steps Pearls

Fig. 3.5 Bur holes are placed w ith a high-speed drill at the follow ing sites: just 
above the root of zygoma; at the keyhole ; and just above superior temporal 
line, anterior to coronal suture. An additional pair of holes are placed 
straddling the midline, anterior to coronal suture. The base of each hole 
is cleared with a curette. The dura is stripped from the undersurface of 
the bone, locally and between each pair of holes, w ith a separator (e.g., 
Pen eld no. 3, Hoen, or similar).

•  Exercise particular care when stripping 
the dural at tachments between the 
two paramedian holes overlying the 
sagit tal sinus.
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Craniotomy (Fig. 3.6)

Figure Procedural Steps

Fig. 3.6 The craniotome is used to connect each pair of bur holes circumferentially, taking 
care to stay low  in the frontal and temporal regions and making the  nal cut in the 
region of the superior sagittal sinus. The bone  ap is carefully elevated away from 
the underlying dura and set aside in antibiotic solution.

Bone wax is applied to the bony edges w here necessary. Bleeding along the 
midline sagittal sinus may be controlled w ith a combination of  brillar hemostatic 
material, thrombin-soaked gelatin sponge, and hemostatic matrix sealant. If all 
other measures fail, the superior sagittal sinus may be ligated anteriorly, at the 
level of the crista galli.
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Dural Opening (Fig. 3.7a–c)

Figure Procedural Steps Pearls

Fig. 3.7 Pilot holes are drilled circumferentially at the periphery of the 
craniotomy to create dural tack-up sites.

(a) The dural opening is initiated with a no. 15 blade and enlarged 
with tenotomy scissors. A strip of moistened nonadherent bandage 
or a cotton pattie may be introduced into the subdural space to 
protect the underlying cortex. A trap-door type opening ( apped 
toward the midline) provides wide access to the frontal lobe. If access 
to the temporal fossa is necessary and/or ligation of the sagittal 
sinus anticipated, dural slits are made initially parallel to the anterior 
portion of the sinus and the dural opening extending laterally and 
inferiorly toward the middle fossa on either side. The dural  aps are 
secured under modest tension with 4-0 braided nylon stitches.

(b) It may be necessary to divide the superior sagittal sinus and falx 
in order to achieve adequate decompression of the frontal lobes. 
After release of the sinus, use a double ligature technique to occlude 
the sinus, using a 2-0 polypropylene or nylon suture. Make a double 
circular course across the falx, just below  the level of the sinus, 
and cinched tightly to occlude the sinus. Repeat this process w ith a 
second stitch, anterior to the  rst.

(c) Sever the sinus between the ligatures and divide the subadjacent falx 
in its entirety to complete the exposure.

•  Dural tacking stitches help prevent the 
formation of postoperative epidural hematomas. 
However, do not take time at this point in the 
procedure to place the actual stitches.

•  The sinus should be targeted for ligation and 
division at a point well forward of the coronal 
suture (along the anterior one-third of the sinus).

•  The second needle pass should be more 
super cial (within the falx) than the  rst .

•  Alternatively, ligation may be performed with 
a hemostatic double surgical clip at the inferior 
insertion of the sinus into the falx, near the 
crista galli. At tention must be paid to ensure 
that the clips cross the sinus completely.

a

b c
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Address the Contusion (Fig. 3.8a, b)

Figure Procedural Steps Pearls

Fig. 3.8 (a) Inspect the cortical surface. Select your site for entry—an 
area of obvious contusion or cortical disruption is ideal.

Cauterize the super cial vessels and pia mater at the 
planned entry site. Use a no. 11 or no. 15 blade to open the 
pia. Approach the hematoma cavity in the subpial plane with 
a combination of gentle suction and bipolar electrocautery.

(b) Upon entry to the hematoma, suction out any liquid 
clot and remove solid clot in a piecemeal fashion. Continue 
evacuation of hematoma until gliotic brain is visible on all sides.

•  If the cortical surface appears undisturbed, consider 
the use of ultrasound to localize the most super cial 
extent of the hematoma.

•  A handheld malleable retractor—introduced over 
a saline-moistened 1- 3  3-cm cot ton pat tie (to 
protect the friable tissue along the cavity wall)—may 
assist  visualization during contusion resection and 
hemostasis.

•  Always be mindful of position relative to the anterior 
horn of the lateral ventricular while evacuating 
hematoma from deep subcortical spaces. Avoid entry 
to the ventricle if feasible.

a

b
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Anterior Frontal Lobectomy (Fig. 3.9)

Figure Procedural Steps Pearls

Fig. 3.9 In the event that the frontal lobe is extensively contused, consideration 
may be given to a frontal lobectomy. The margin of resection will depend 
on the size and appearance of contused frontal lobe. Alternatively, if 
contusion is di use, one may begin the cortical incision 7 to 8 cm from 
the frontal pole and extend laterally to the level of the lesser w ing of 
the sphenoid. If it is desired to avoid entry into the lateral ventricle, the 
medial aspect of the cortical incision should be made w here the two 
frontal lobes are clearly separate.

•  In the set ting of signi cant 
intraoperative or anticipated 
postoperative swelling, consider 
frontal polectomy to ensure adequate 
decompression.
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Modi ed Pterional Approach
Positioning (Fig. 3.10)

Figure Procedural Steps Pearls

Fig. 3.10 The patient is placed on the table in a supine position. The 
head is turned 60 to 90 degrees away from the side of the 
approach to help provide better surgical visualization. A roll 
is placed longitudinally beneath the ipsilateral shoulder. The 
head is stabilized w ith a three-pinion head holder.

•  If the cervical spine has not been cleared, maintain 
the rigid collar and rotate head and body as a unit 
(a larger shoulder roll may be necessary) to provide 
the necessary exposure.

•  A horseshoe headrest may decrease time to 
decompression in the emergent set ting.
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Skin Incision (Fig. 3.11)

Figure Procedural Steps Pearls

Fig. 3.11 Hair is clipped with an electric razor over the hemicranium of interest.

A reverse question mark–type incision (i.e., trauma  ap) is planned, starting 1 cm 
anterior to the external auditory meatus and within 1 cm of the superior aspect 
of the zygoma, extending posteriorly toward the parietal eminence and curving 
superiorly toward the midline, ending just behind the hair line.

The incision is initiated with a no. 10 blade and carried down to the level of 
pericranium superiorly and temporalis fascia inferiorly. Scalp clips are applied to 
the skin edges.

•  Preserve the frontalis branch of the 
facial nerve as well as the main trunk 
of the super cial temporal artery.
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Subcutaneous Dissection (Fig. 3.12)

Figure Procedural Steps Pearls

Fig. 3.12 The pericranium and temporal fascia and muscle are opened in line with the 
scalp incision, using monopolar electrocautery.

The resulting myocutaneous  ap is dissected subperiosteally and advanced 
forward until the root of zygoma and keyhole are visible. The  ap is secured 
w ith mini towel clips, hooks, or suture.

•  Some advocate mobilizing the 
temporalis o  the superior 
aspect of the zygomatic arch by 
approximately 1 to 2 cm.

TH_Ullman_CH03.indd   45 3/19/15   8:59 PM



I Cerebral Trauma and Stroke

46

Bur Hole Placement (Fig. 3.13)

Figure Procedural Steps

Fig. 3.13 Bur holes are placed w ith a high-speed drill at the follow ing sites: just above 
the root of zygoma; at the keyhole; over the parietal eminence; and at a point 
 1 cm lateral to the midline and anterior to coronal suture. The base of each 
hole is cleared w ith a curette. The dura is stripped from the undersurface of 
the bone, locally and between each pair of holes, w ith a separator (e.g., no. 3 
Pen eld, Hoen, or similar).
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Craniotomy (Fig. 3.14)

Figure Procedural Steps Pearls

Fig. 3.14 The craniotome is used to connect each pair of bur holes circumferentially. It may 
be necessary to thin the bone crossing the sphenoid ridge w ith a bur. A no. 3 
Pen eld or small, curved periosteal may be introduced along the posterior 
margin of the craniotomy to initiate elevation of the bone  ap away from the 
underlying dura. Once removed, the bone  ap is set aside in antibiotic solution.

The dural surface is irrigated. Branches of the middle meningeal artery observed 
on the exposed dural surface are coagulated w ith bipolar electrocautery.

Bone wax is applied to the bony edges w here necessary.

•  Temporal exposure may be 
augmented by removal of 
additional bone with a Leksell 
rongeur until  ush with the 
middle fossa  oor and anterior 
temporal dura.

•  Pay particular at tention to any 
open air cells at the temporal 
bone margins. Pack and seal any 
observed opening.
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Dural Opening (Fig. 3.15)

Figure Procedural Steps Pearls

Fig. 3.15 Pilot holes are drilled circumferentially at the periphery of the 
craniotomy to create dural tack-up sites.

A reverse C–shaped dural  ap (re ected onto the sphenoid ridge) 
is planned.

The dural opening is initiated over the frontal area with a no. 15 
blade and enlarged with tenotomy scissors. A strip of moistened 
nonadherent bandage  or a cotton pattie may be introduced into 
the subdural space to protect the underlying cortex. The dural  ap 
is secured under modest tension with 4-0 braided nylon stitches.

•  Do not take time at this point in the procedure to 
place the tacking stitches unless active bleeding 
from the epidural space beneath the bony edge is 
observed.

•  A  ap fashioned in this manner will maximize the 
vascular supply and, therefore, its viability.

•  Allow a dural margin of at least 0.5 cm with respect 
to the craniotomy edge to permit primary closure 
after decompression.

•  Keep the re ected dural  ap moistened with a damp 
sponge to minimize shrinkage.
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Address the Contusion (Fig. 3.16a, b)

Figure Procedural Steps Pearls

Fig. 3.16 (a) Identify the Sylvian  ssure. This is best done in relation to 
the location of the sphenoid ridge. It may be necessary to drill 
the bone of the sphenoid ridge until  ush w ith the anterior and 
middle fossae to augment the surgical exposure.

Inspect the cortical surface. Select your site  for entry. An area of 
obvious contusion or cortical disruption is ideal.

Cauterize the super cial vessels and pia mater at the planned 
entry site. Use a no. 11 or no. 15 blade to open the pia. Approach 
the hematoma cavity in the subpial plane with a combination of 
gentle suction and bipolar electrocautery.

(b) Upon entry to the hematoma, suction out any liquid clot and 
remove solid clot in a piecemeal fashion. Continue evacuation of 
hematoma until gliotic brain is visible on all sides.

•  The sphenoid ridge separates the anterior 
temporal lobe from the adjacent frontal lobe 
and, in general, serves as a more stable landmark 
for identifying the Sylvian  ssure than does the 
middle cerebral vein.

•  If the cortical surface appears undisturbed, 
consider the use of ultrasound to localize the 
most super cial extent of the hematoma.

•  A handheld malleable retractor—introduced 
over a saline-moistened 1- 3  3-cm cot ton pat tie 
(to protect the friable tissue along the cavity 
wall)—may assist visualization during contusion 
resection and hemostasis.

a

b
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Anterior Temporal Lobectomy (Fig. 3.17)

Figure Procedural Steps

Fig. 3.17 In the event that the temporal lobe is severely contused, consideration may be 
given to an anterior temporal lobectomy. While one may resect up to 5 to 6 cm 
of the anterior, nondominant temporal lobe—carrying out the resection to the 
junction of the Rolandic and Sylvian  ssures to demarcate the posterior limit 
of resection (as in tumor cases)—the posterior limit ultimately w ill depend on 
what the surgeon feels necessary for the patient’s survival.
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Closing
• Hem ostasis is at tained w ith in the hem atom a cavity using a 

com binat ion of m echanical and chem ical techniques. Focal 
bleeding points are controlled w ith  bipolar elect rocautery. 
Temporary packing w ith  gelat in  sponge soaked in  throm -
bin  m ay be augm ented w ith  hem ostat ic m atrix sealant and 
saline-m oistened cot ton  pat t ies. Half-st rength  hydrogen per-
oxide or norm al saline-soaked cot ton  balls m ay be used to 
tamponade generalized oozing as well. Once adequate hem o-
stasis has been achieved, the walls of the hem atom a cavity 
are lined w ith sm all pieces of a  brillar hem ostat ic m aterial.

• In  the absence of signi cant swelling, the dura m ay be reap -
proxim ated w ith  4-0 braided absorbable or braided nylon 
 sutures in  the standard “water-t ight” fashion. The dural clo-
sure can  be supplem ented w ith dural graft  m aterial (either 
autogenous or ar t i cial).

• If there is signi cant  swelling, the dura m ay be left  open and 
a dural patch  graft  sutured to the m argins of the nat ive dura. 
Considerat ion  should be given to leaving the bone  ap out at  
the t im e of closure.

• Pilot  holes are drilled at  regular in tervals around the peri-
phery of the craniotomy site. Epidural tacking st itches are 
placed w ith 4-0 braided nylon sutures.

• The bone  ap is reapproxim ated w ith  a m ini-plate system .
• The tem poralis m uscle is reapproxim ated w ith  2-0 braided 

absorbable  sutures.
• The galea and subcutaneous t issue are reapproxim ated w ith  

2-0 braided absorbable  sutures in  an  inverted, in terrupted 
fashion.

• The skin  is closed either w ith  staples or w ith  3-0 nylon (in  a 
vert ical m at t ress or running fashion).

• Bacit racin  oin tm ent , w ith  a dressing of choice, is then placed 
over the incision  site.

• If the pat ient  is com atose, a vent riculostomy should also be 
placed.

Postoperative Management
Monitoring
• It  is the authors’ pract ice to place the pat ient  in  a m onitored 

set t ing (e.g., the in tensive care unit) overnight  in  the postop -
erat ive period to observe for seizure act ivit y or evidence of 
in t racranial bleeding or any other neurologic complicat ions.

• It  is also authors’ pract ice to give three doses of prophylact ic 
ant ibiot ics in  the im m ediate postoperat ive period.

Medication
• Antiepileptic prophylaxis of choice (phenytoin or levetiracetam ) 

is m aintained for a total of 7 days.

Radiographic Imaging
• Postoperat ive im aging (Fig. 3.18).

Further Management
• Skin  sutures or staples are rem oved after 2 weeks.

a b
Fig. 3.18a, b Axial CT images after evacuation of (a) frontal and (b) temporal lobe contusions. In each case, an external ventricular drain has been 
placed to facilitate monitoring of intracranial pressure and therapeutic drainage of cerebrospinal  uid.
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or edem a concentrated in  one hem isphere w ith  m idline 
shift  and risk of uncal herniat ion . This t ype of craniectom y 
m ay also be perform ed in  the set t ing of an  ischem ic cere-
brovascular event  involving a unilateral, large vascular ter-
ritory (usually m iddle cerebral ar tery [MCA] or in ternal 
carot id  ar tery [ICA])

 ◦ Bifrontal decompressive craniectomy. This procedure is in -
dicated in  cases of di use, bilateral cerebral edem a or in  
the set t ing bilateral frontal lesions w ith  associated severe 
edem a.

• Decom pressive craniectomy m ay be perform ed early or late16:
 ◦ Early decompressive craniectomy is perform ed soon after 
the pat ient  arrives to the em ergency departm ent . Early 
craniectomy should be considered in  pat ients w ith  m ore 
than 5 m m  of m idline shift  or if the m idline shift  is out of 
propor t ion  to the size of the extra-axial m ass lesion (usu-
ally hem atom a) to be evacuated.10

 ◦ Late decom pressive craniectomy is usually perform ed 
w ith in  48 hours of the original insult , in  the set t ing of 
m edically refractory elevated in t racranial pressure (ICP; 
de ned as ICP .  30 m m  Hg for greater than  20 m inutes by 
protocol at  the authors’ m edical center). Late decom pres-
sive craniectomy should only be considered after failure of 
prim ary t ier therapy for in t racranial hyper tension.

 ◦ “Later” decom pressive craniectomy—longer than 48 hours 
after the in it ial insult—m ay be indicated for pat ients w ho 
develop m alignant edem a follow ing ischem ic st roke, de-
layed expansion of contusions, or delayed m alignant  cere-
bral edem a and/or hyperem ic brain  syndrom e.

Preprocedure Considerations
Radiographic Imaging
• Com puted tom ography (CT) is the m ost  com m on im aging 

m odalit y used to evaluate potent ial candidates for a decom -
pressive craniectomy. CT im ages not only dem onst rate acute 
in t racranial pathology but also provide inform at ion concern-
ing bony anatom ic landm arks—useful for surgical planning—
and allow  for ident i cat ion  of skull fractures that  m ight  
 complicate the operat ion .

Introduction
The use of a decompressive craniectomy to t reat the symptom s of 
intracranial hypertension was  rst  proposed in  the late 19th cen-
tury by Sir Victor Horsley.1 Kocher popularized its use in   Europe. 
Cushing introduced it  in the United States in  the early 20th  
 century as a palliat ive t reatm ent for m ult iple condit ions caus-
ing intracranial hypertension, including tum ors, hydrocephalus, 
and t raum a.2 The operation fell in to disfavor as advances in neu-
rosurgery during the  rst  half of the 20th century transform ed 
m ost of the original indications for decompressive craniectomy 
into t reatable condit ions. In the 1970s, advances in  life support  
increased the survival of pat ients w ith severe head injuries. This 
operat ion was revisited w ith the goal of treat ing t raum atic brain  
injury pat ients w ith intracranial hypertension not responsive to 
“m edical treatm ent .”3,4 A collect ion of good results over the past  
two decades5–7 has turned decompressive craniectomy surgery 
into an accepted opt ion for the m anagem ent of severe t raum atic 
brain injury w ith refractory intracranial hypertension; new  indi-
cat ions are being explored. Several studies have dem onstrated a 
decrease in m ortality and improved outcom es w hen this opera-
t ion is perform ed in  the correct pat ient populat ion.8–10

Indications
• There is accum ulated evidence to suppor t  the use of decom -

pressive craniectomy for the follow ing pathologies:
 ◦ Traum atic brain injury w ith di use or localized cerebral ede-
m a or m ult iple contusions refractory to m edical therapy.10

 ◦ Large cerebral infarct ions result ing in  severe edem a and 
m ass e ect .11,12

 ◦ Som e studies have show n prom ising results using decom -
pressive craniectomy for other pathologies present ing w ith  
di use cerebral edem a like aneurysm al subarachnoid hem -
orrhage,13 venous throm bosis,14 or infect ious encephalit is,15 
but  the available evidence is not  st rong enough to allow  for 
a standard indicat ion .

• Tw o pr im ary t ypes of decom pressive cran iectom ies are 
per form ed:
 ◦ Frontotemporoparietal (occipital) decompressive hem icra-
niectomy. This procedure is indicated for t raum at ic lesions 
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Operative Field Preparation
• The hair is clipped w ith  an  elect ric razor. Any foreign bodies 

m ay be rem oved from  the scalp at  th is t im e.
• Hexachlorophene (or sim ilar) soap is used to cleanse the skin , 

and then 70% alcohol is applied.
• The skin  incisions are m arked, and povidone iodine or 

chlorhexidine m ay be applied as a  nal prep.
• The surgeon also needs to m ake a decision at  th is t im e about  

how  the bone  ap w ill be preserved for future skull recon-
st ruct ion . There is not enough evidence in  the literature to 
support  the preferent ial use of subcutaneous or cryopreser-
vat ion .17,18 In  m ost inst itut ions, sterile deep-freezing storage 
(2 80°C) is available. If storage is not available, or if the pa-
t ient  is ant icipated to cont inue t reatm ent at  a di erent  in -
st itut ion  before the ant icipated t im e of reconst ruct ion , the 
surgeon should proceed to prep the abdom en for subcutane-
ous storage. We prefer to store the bone  ap in  the right  lower 
quadrant of the abdom en. Many pat ients w ho sustain  a t rau-
m at ic brain injury w ill eventually need a gast rostom y tube, 
so the left  side should be avoided. The r ight  upper quadrant  
should be reserved in  the event that  the pat ient  m ight require 
a vent riculoperitoneal (VP) shunt  in  the future.

• Consideration should be given to perioperative placem ent of an  
invasive pressure m onitor, contralateral to the planned surgical 
site. When feasible, placem ent of an external ventricular drain  
(EVD) is preferred. An EVD w ill perm it both continuous assess-
m ent of ICP to guide therapy and therapeutic drainage of cere-
brospinal  uid (CSF) for treatm ent of intracranial hypertension.

• CT angiography can be useful to diagnose m ajor vascular oc-
clusions and vascular injuries associated w ith  head injuries, 
part icularly w hen skull base fractures are present .

• Magn et ic reson ance im aging (MRI) is u sed  m ore   spar ingly 
in  th e  con text  of t raum a due to the  added  d ifficu lt y of 
organ izing th e  logist ics for  life  suppor t  in  the  MRI su ite 
and  the  long durat ion  of th e  st udy, w h ich  a cr it ically ill 
pat ien t  m ay n ot  tolerate. MR d iffu sion -w eigh ted  im ages 
are  usefu l for  early detect ion  of large  ischem ic st rokes. 
Early involvem en t  of th e  n eu rosu rgeon  in  such  cases is 
essen t ial in  th e  even t  t hat  later  n eu rologic deter iorat ion  
m igh t  p rovide  an  in d icat ion  for  em ergen t  decom pressive 
 cran iectom y.

• Preoperative im aging (Fig. 4.1).

Medication
• If the pat ient is show ing signs of im m inent neurologic deterio-

rat ion (dilated nonreact ive pupil, hem iparesis, decerebrate or 
decort icate posturing), a bolus dose of m annitol (0.5 to 1 g/kg) 
can be adm inistered as a temporizing m easure en route to the 
operat ing room .

• Perioperat ive ant im icrobial prophylaxis should be adm in-
istered w ith in  1 hour of skin  incision . The authors prefer 
 cefazolin . In  the set t ing of an  open skull fracture and/or 
 penetrat ing brain  injury, t r iple ant ibiot ic coverage (gram - 
posit ive, gram -negat ive, and anaerobic organism s) is 
 in it iated.

a b
Fig. 4.1a, b Axial CT images for two patients—(a) one with traumatic brain injury and (b) one with a large right MCA stroke—selected for 
decompressive craniectomy.
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Operative Procedure
Decompressive Hemicraniectomy (Frontotemporoparietal [Occipital] 
Craniectomy)
Positioning (Fig. 4.2)

Figure Procedural Steps Pearls

Fig. 4.2 The patient is positioned supine on the operating 
table. The head is secured with a three-point head 
holder and turned a minimum of 60 degrees (ideally 
90 degrees) to the opposite side of the planned 
operation. Depending on the body habitus and 
 exibility of the neck, a roll under the ipsilateral 
shoulder may be needed to achieve the proper 
position. Ideally, the parietal eminence should be 
near parallel to the  oor to avoid posterior sagging 
of the brain after the dural opening.

•  The frontal pin is placed on the midpupillary line contralateral 
to the side of the planned craniectomy. The two posterior pins 
should straddle the midline, above the transverse sinus. The 
posterior pins should not be placed laterally, toward the side of 
the craniectomy, to prevent compromising the posterior extent 
of the craniectomy.

•  If an ICP monitor has not been placed already, now is the time to 
do so. Usually, an entry point contralateral to the craniectomy 
is chosen. The catheter or wire should be tunneled away from 
midline to avoid interference with the incision.

TH_Ullman_CH04.indd   55 3/19/15   8:59 PM



I Cerebral Trauma and Stroke

56

Skin Incision (Fig. 4.3)

Figure Procedural Steps Pearls

Fig. 4.3 For a standard hemicraniectomy, the incision 
will start at the level of the zygomatic arch, 1 cm 
in front the tragus, and extend superiorly and 
posteriorly in a reverse question mark fashion. The 
incision will end anteriorly at the hairline, close to 
midline.

The skin opening technique varies w ith surgeon 
preference. The most expedient method that 
still minimizes blood loss should be used, since 
trauma patients often have already su ered severe 
hemorrhage and may be acutely anemic and 
hypovolemic. The authors prefer to open the skin 
with a no. 10 blade and to advance through the 
subcutaneous tissue with the monopolar. Focal 
bleeding points are controlled with both mono- 
and bipolar electrocautery. Scalp clips are applied 
immediately to the skin edges to assist hemostasis.

•  In many patients, the super cial temporal artery (STA) can be 
palpated, and the incision designed to avoid it . Maintaining a 
patent STA will increase the viability of the  ap. The posterior 
portion of the question mark should be kept uniform in width 
with the frontotemporal base of the  ap to avoid a narrow, 
poorly vascularized distal end of the  ap. This is achieved 
by allowing the reverse question mark to turn superiorly all 
the way to midline rather than directing it  inferiorly into the 
territory mainly supplied by the occipital artery. A narrow or too 
caudally directed distal portion of the  ap can result  in tenuous 
perfusion, poor wound healing, or frank skin necrosis.

•  In cases of trauma, the  ap should extend as posteriorly as 
possible to include the parietal eminence. In cases of ischemic 
stroke, the decompression area should be tailored to the 
margins of the infarcted area, allowing only the devitalized brain 
to bulge through the defect.

•  Once the whole incision is open and hemostasis has been 
achieved, the monopolar is used to cut the pericranium along 
the incision line. The temporalis muscle and fascia are also cut 
following the incision line.
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Subcutaneous Dissection (Fig. 4.4)

Figure Procedural Steps Pearls

Fig. 4.4 The pericranium is carefully separated from the 
skull using a Langenbeck type (square) periosteal 
elevator. A Hoen type (round) periosteal elevator is 
used to dissect the temporalis muscle. At the superior 
temporal line, the monopolar is often needed to 
dissect the more tenacious muscle insertion.

The resultant myocutaneous  ap is re ected 
anteriorly to expose the bone. Retraction can be 
applied by using Fisch hooks or mini-towel clamps.

•  The pericranium must be dissected carefully, without creating 
tears, since it  will be used for the expansive duraplasty. The 
temporalis muscle must be dissected caudally until the root of 
the zygoma can be easily palpated to allow for access to the 
middle fossa.

•  A rolled lap sponge must be placed at the base of the  ap, 
before applying retraction, to prevent kinking of the arterial 
supply and hypoperfusion of the  ap during the procedure.
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Bur Hole Placement (Fig. 4.5)

Figure Procedural Steps Pearls

Fig. 4.5 Bur holes are placed in the following locations:
1. Key hole.
2. Above the mastoid posteriorly, high enough to avoid air cells.
3.  As low as possible on the squamous portion of the temporal 

bone, just above the root of zygoma.
4.  Two or three bur holes spanning the frontoparietal high 

convexity, about 2 cm lateral to midline to avoid bleeding 
from veins draining into the sagittal sinus.

A no. 3 Pen eld is used to strip the dural attachments from the 
undersurface of the calvarium at each bur hole site (and between 
holes, where feasible). The craniotomy is performed using a 
craniotome. At the level of the sphenoid wing, a small bur can be 
used to thin the bone between the craniotome cuts above and 
below  the ridge.

•  Ideally, the craniectomy should extend 12 to 
15 cm in the anteroposterior dimension and 
from the  oor of middle fossa to 2 to 3 cm 
from midline to avoid injury to the sagit tal 
sinus. There is evidence to suggest that smaller 
craniectomy defects are associated with worse 
outcomes.19 A measuring tape should be used 
to con rm the measurements before placing the 
bur holes.
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Elevation of the Bone Flap (Fig. 4.6)

Figure Procedural Steps Pearls

Fig. 4.6 A periosteal elevator or similar tool is introduced along the 
posterior edge of the craniotomy and used to elevate the bone 
 ap away from the underlying dura. Remaining dural attachments 
are severed and gentle leverage applied until the corner of the 
sphenoid wing fractures easily. The explanted bone  ap is rinsed 
w ith a saline and bacitracin solution. If freezing is planned, the 
bone  ap can be handed o  at this time. If abdominal storage is 
planned, the  ap is kept in antibiotic solution until the time of 
implantation.

•  The sphenoid ridge should fracture with 
minimal force. If resistance is encountered, 
the bone should be thinned further with a bur. 
Excessive leverage may cause a fracture through 
the sphenoid wing with medial extension and 
the potential for severe complications.

•  Elevation of the bone  ap alone should produce 
a demonstrable drop in ICP.
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Re nement of the Temporal Craniectomy (Fig. 4.7)

Figure Procedural Steps Pearls

Fig. 4.7 Once the bone  ap is removed and hemostasis is 
achieved, the remainder of the squamous portion 
of the temporal bone must be removed to allow  for 
a subtemporal decompression. This portion of the 
craniectomy can be performed w ith a Leksell rongeur or 
with the drill, depending on the surgeon’s preference.

•  The squamous portion of the temporal bone must be 
removed until  ush with the  oor of middle fossa. If 
mastoid air cells are exposed, bone wax should be applied 
until completely sealed.
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Dural Opening (Fig. 4.8)

Figure Procedural Steps Pearls

Fig. 4.8 The dura can be opened in several di erent patterns. The 
most common is in a U-shape, w ith the base attached to 
the temporal edge of the craniotomy defect. Other patterns 
include a medially based  ap or stellate opening.

•  This is the key portion of the operation.
•  When opening the dura, it  is important to leave a 

generous cu  from the bony edge to facilitate the 
closure.
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Duraplasty (Fig. 4.9)

Figure Procedural Steps Pearls

Fig. 4.9 Once the dura is open, the surface of the brain is inspected 
for subdural hematoma. If present, it should be evacuated. 
The duraplasty can be performed w ith autogenous materials 
(e.g., pericranium) or synthetic, suturable implants. 
Pericranium can be harvested easily from its galeal 
attachment by sharp dissection with Metzenbaum scissors. 
If the pericranium is damaged or contaminated (e.g., open 
skull fractures, scalp avulsions, etc.), an arti cial implant 
should be considered.

•  If the ICP is high, the dura should be opened 
slowly, 1 or 2 inches at a time. While the brain is 
decompressing, the pericranial graft can be sutured in 
placed as the opening is slowly being made.

•  In the authors’ experience, a watertight duraplasty, 
using an autologous pericranial graft, produces the 
best results. We use 4-0 braided nylon suture in 
a running fashion for this purpose. The expansive 
duraplasty should be made as generous as possible.
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Bone Flap Storage (Fig. 4.10a, b)

Figure Procedural Steps Pearls

Fig. 4.10 (a) A linear incision is performed in the previously 
designated area of the right lower quadrant. The monopolar 
is used to create a pocket of adequate size within Camper’s 
fascia. Good hemostasis must be achieved to prevent 
formation of hematomas. (b) The bone  ap is introduced—
convex side out—into the subcutaneous pocket. The skin 
should be closed in at least two layers, according to the 
surgeon’s preferences.

•  This part of the operation can be performed by 
an assistant surgeon during the cranial closure or 
immediately after the closure is completed.

•  The subcutaneous pocket should be of su cient 
size that there is not tension on the skin edges when 
reapproximation is at tempted. In a particularly small 
and/or skinny patient, it  may be necessary to split  the 
bone  ap in half and “stack” the pieces in the pocket.

a b
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Bifrontal Decompressive Craniectomy
Positioning (Fig. 4.11)

Figure Procedural Steps

Fig. 4.11 The patient is positioned supine on the operating table. The head is 
secured w ith a three-point head holder, in a slightly  exed position. 
The pins are placed on the equator of the skull, in a slightly posterior 
position in order to allow  for access to middle fossa.

TH_Ullman_CH04.indd   64 3/19/15   9:00 PM



4 Decompressive Craniectomy for Intracranial Hypertension and Stroke

65

Incision Planning (Fig. 4.12)

Figure Procedural Steps Pearls

Fig. 4.12 A large, bicoronal incision is planned, w ith the limbs 
positioned behind the hairline at approximately the level 
of the coronal suture, extending bilaterally 1 cm in front 
of the tragus and inferiorly to the zygoma.

•  If the preoperative CT provides evidence of temporal lobe 
injury or edema with threatened uncal herniation, a more 
posterior incision (up to 3 to 5 cm posterior to the coronal 
suture) should be planned to allow for temporal bone 
exposure and subtemporal decompression.
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Subcutaneous Dissection (Fig. 4.13)

Figure Procedural Steps Pearls

Fig. 4.13 A skin incision is made along the previously marked line 
and clips applied to the skin edges to assist hemostasis. 
The incision is carried dow n to the level of pericranium 
superiorly and temporalis fascia inferiorly. The 
pericranium is opened w ith monopolar cautery—1 to 2 cm 
posterior to the scalp incision. The temporalis muscle and 
fascia, likewise, are opened in line w ith the scalp incision. 
A periosteal elevator is used to carefully separate the 
pericranium and anterior belly of the temporalis muscle 
from the skull, advancing the myocutaneous  ap forward.

•  The dissection should be carried anteriorly to the level of 
the supraorbital ridges. Fisch hooks, mini-towel clamps, 
or heavy silk sutures can be used to maintain the  ap 
retraction.

•  Opening the pericranium a few centimeters posterior to 
the scalp incision gains a few extra centimeters of graft 
material for later use.
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Craniotomy (Fig. 4.14)

Figure Procedural Steps Pearls

Fig. 4.14 Bur holes are placed in the follow ing locations 
and in this order:

1. Bilateral keyhole
2.  Bilateral temporal—in the line of the coronal 

plane from the sagittal sinus bur holes
3. One or two just above the frontal sinus
4.  One on either side of the sagittal sinus; 

these bur holes can be placed 1 to 5 cm 
behind the coronal suture, depending on the 
amount of exposure desired

•  It is imperative to localize the frontal sinuses on the preoperative 
CT and, whenever possible, to avoid them at the time of surgery. 
If the patient has an extensive, high-reaching frontal sinus system, 
intraoperative entry is inevitable. In this case, the surgeon should 
anticipate the need for cranialization of the sinuses before closure 
and use appropriate antibiotics to cover potential sinus pathogens.

•  We strongly recommend performing the craniotome cut between 
the two midline bur holes only after all the other cuts have been 
made. The dura between the two bur holes is stripped from the 
undersurface of the calvarium with a no. 3 Pen eld and the cut 
made promptly. This maneuver allows for adequate exposure to 
permit immediate control of any bleeding from the sagit tal sinus.
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Dural Opening (Fig. 4.15a–c)

Figure Procedural Steps Pearls

Fig. 4.15 (a) The dura is opened in a broad, U-shaped fashion w ith the base oriented 
posteriorly. The initial opening is made anteriorly, on either side of the 
midline. (b) The anterior portion of the sagittal sinus is ligated using two 
silk sutures and severed between the ligatures. (c) The opening is carried 
laterally and once enough exposure is obtained, the falx should be divided 
completely. At the temporal corners of the opening, a Y-shape incision can be 
performed to release tension and allow  the dural  ap to fall posteriorly.

•  The falx must be divided in its 
entirety in the anterior portion. 
Failure to do so will result  in 
compression of midline structures, 
as the swollen frontal lobes will 
expand again.

c

a

b
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Duraplasty (Fig. 4.16)

Figure Procedural Steps Pearls

Fig. 4.16 The same principles described for the 
hemicraniectomy apply to the bifrontal 
craniectomy. Whenever possible, autogenous 
materials should be used. The pericranium can be 
easily harvested from the elevated scalp  ap and 
usually cut into two pieces to allow  coverage of the 
length of the durotomy. Again, watertight closure 
is recommended.

•  If the frontal sinuses have been violated, the surgeon must 
proceed to cranialize and obliterate them. This should be done 
after the duraplasty has been completed, to avoid entry of sinus 
contents into the CSF spaces. The mucosa is stripped with a 
curet te and the posterior wall of the sinus is removed using 
rongeurs. The ostia of the sinuses can be obliterated by using 
temporalis muscle or fat. A vascularized pedicle of pericranium 
(usually there is enough left  after harvesting the duraplasty 
graft) is draped over the cranialized sinuses and sutured to the 
dural cu .
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Closing
• Perfect  hem ostasis should  be ach ieved on  the galeal and 

tem poralis m uscle surfaces to avoid  subgaleal hem ato-
m a accum ulat ion , w hich  would  defeat  the purpose of the 
 operat ion .

• If act ive bleeding is present at  the in terface between the dura 
and bone edge, epidural tack-up sutures can  be placed. This 
is m ostly helpful along the superior frontoparietal edge (ad-
jacent  to the m idline), w here venous bleeding can som et im es 
be profuse.

• A subgaleal drain  (usually a 10-m m  Jackson-Prat t  [JP]) is left  
in  place.

• The scalp is closed in  a single layer, using 2-0 vert ical m at-
t ress m ono lam ent sutures.

Postoperative Management
Monitoring
• Im m ediately postop, the blood pressure m ust  be m onitored 

closely and kept  w ith in  a t ight range—high enough to guar-
antee good cerebral perfusion pressure but not so h igh as to 
r isk hem orrhage.

• Placem ent  of an  invasive pressure m onitor is st rongly recom -
m ended, if not  already done, to perm it  accurate assessm ent  
of ICP in  the postop period.

• JP drain  output  should be m onitored. The drain  is usually 
left  in  place for up to 48 hours. CSF in  the drain  is norm al 
and actually bene cial—both  for ICP cont rol and to prevent  
leakage from  the incision . Focal points of leakage along the 
incision  line should be addressed prom ptly w ith  suture rein -
forcem ent  and, if persistent , prom pt considerat ion  of fur ther 
radiographic invest igat ion .

• Nursing sta  m ust be inst ructed to exercise st r ict  craniecto-
my precaut ions, including posit ioning of the head to prevent 
any pressure on the defect , avoidance of t ight  dressings, and 
rem oval of any equipm ent  in  the vicin ity that  could injure the 
unprotected brain .

Medication
• Adequate sedat ion  and analgesia should be provided during 

the postoperat ive period, w hile the pat ient  rem ains in tubat-
ed and at  r isk for in t racranial hypertension. Neurom uscular 
blockade can be in t roduced for pat ients w ith  h igher ICP val-
ues or severe respiratory com plicat ions.

• Hyperosm olar therapy—w ith  m annitol or hyper tonic saline—
is appropriate if the ICP rem ains h igh after decom pression 
and repeat  CT ident i es no space-occupying lesions am ena-
ble to surgical therapy.

• Perioperat ive ant im icrobial prophylaxis is given for 24 hours 
(or unt il the JP drain  is rem oved).

• If the pat ient  presented w ith  an  open skull fracture, pene-
t rat ing brain  injury, or degloving injury of the scalp, a lon-
ger course of t r iple ant ibiot ic therapy should be considered. 

There is insu cient  evidence to recom m end a speci c regi-
m en or durat ion  of therapy.

Radiographic Imaging
• Mobilizat ion  of the pat ient  during the  rst  24 hours m ust  

be m inim ized to prevent t raum a to the exposed brain . The 
authors do not  perform  rout ine postoperat ive im aging for 
the  rst  48 hours unless a change in  neurologic exam  or a 
sustained increase in  ICP suggests a com plicat ion  that  m ight 
be am enable to surgical in tervent ion (e.g., subgaleal hem a-
tom a or blossom ing of contusions). If im aging is considered 
necessary, CT is the m odalit y of choice for the sam e reasons 
described in  the preoperat ive evaluat ion  sect ion . MRI can be 
useful in  ischem ic st roke pat ients to evaluate for possible ex-
tension of the st roke volum e if the pat ient’s neurologic status 
deteriorates fur ther and there is no CT evidence of any of the 
complicat ions m ent ioned above.

• Postoperative im aging (Fig. 4.17).

Further Management
• The ICP m onitor can be rem oved if the values have been sta-

ble and the neurologic status of the pat ient  is stable.
• Post t raum at ic hydrocephalus is a well-described phenom -

enon, and the incidence has been repor ted to be h igher in  
pat ients undergoing decom pressive craniectomy.20

• During the early postoperat ive period, pat ients experience a 
disturbance in  CSF dynam ics that  m ay result  in  the appearance 
of extra-axial e usions—m ost often  ipsilateral, but  som et im es 
contralateral or in terhem ispheric—w ith  or w ithout an asso-
ciated increase in  ventricular size. This early presentat ion  of 
“external” hydrocephalus is often benign and tends to resolve 
once the bone  ap is replaced. The integrity of the wound in  
these cases can be protected by temporary CSF diversion. In  
som e pat ients, resolut ion of the extra-axial e usions after 
cranioplasty is followed by the onset  of symptom atic hydro-
cephalus, w ith an associated increase in  ventricular size. This 
delayed presentat ion  can occur weeks or even m onths after 
surgery. These pat ients typically com e to m edical at tent ion  
due to an unant icipated plateau or regression in  their neuro-
logic recovery and usually require shunting.

• Sutures are usually rem oved 14 days after surgery. The inci-
sion should be m onitored closely for any leaks, especially in  
pat ients know n to have post t raum atic hydrocephalus. If CSF 
continues to leak despite suture reinforcem ent , hydro cephalus 
and infect ion should be ruled out . It  is important to rem em -
ber that pat ients w ith hydrocephalus w ho have an act ive leak 
m ight not have ventricular enlargem ent in im aging studies.

• When ready for m obilizat ion , pat ients should be  t ted for 
a protect ive helm et  to be worn w hen out  of bed and during 
t ransport .

• The pat ient  should be evaluated for reconst ruct ion  of the 
cranial vault  approxim ately 4 to 6 weeks post  injury. Re-
placem ent of the bone  ap is addressed in  Chapter 25. Ad-
dit ional alloplast ic techniques for cranial reconst ruct ion  are 
discussed in  Chapter 26.
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Fig. 4.17a, b Axial CT images for two patients who underwent decompressive craniectomies for (a) traumatic brain injury and for (b) a large MCA 
stroke. Note that in the case of the MCA stroke, the craniectomy was tailored to encompass the infarcted area only.

a b

Intraoperative ultrasound can be useful in this context. Postop-
erative imaging should be obtained as soon as possible.

• A severely dam aged scalp and/or signi cant  soft  t issue loss 
m ay present  a par t icular challenge in  the set t ing of t raum a. 
In  such situat ions, collaborat ion  w ith  a plast ics or head and 
neck surgeon is essent ial. Art i cial grafts often  are used as 
a tem porary m easure unt il t issues heal su cient ly and are 
clean enough to receive a perm anent graft , if needed.

• The so-called “syndrom e of the t rephined” (or “sinking scalp 
 ap syndrom e”) includes a com binat ion  of neurologic sym p -
tom s that  can  be direct ly related to the presence of a craniec-
tomy defect  and that  eventually improve after cranioplasty. 
Pat ients usually becom e sym ptom at ic w hen they star t  to sit  
up or am bulate. Most com m on sym ptom s are headache, dis-
com fort  in  the region of the cranial defect , dizziness, seizures, 
and psychiat ric alterat ions. Som e pat ients w ill experience 
m ore severe sym ptom s, including orthostat ic vegetat ive dys-
funct ion  and focal cranial nerve or m otor de cits. Sym ptom s 
are usually t r iggered or aggravated by the upright posit ion . 
Symptom at ic pat ients should be evaluated for a cranial vault  
reconst ruct ion  as soon as possible.
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Cerebellar Infarction
• The indicat ions for decom pressive surgery are broadly the 

sam e as those for hem orrhage. However, the clin ical course 
tends to evolve m ore slowly.15,16 Resect ion  of the infarcted 
cerebellum  itself is seldom  helpful.

• Cerebellar hem isphere infarct ion  (due to distal posterior 
inferior cerebellar ar tery [PICA] occlusion) causing brainstem  
compression  should be di erent iated—by computed tom og-
raphy (CT) and/or m agnet ic resonance im aging (MRI)—from  
brainstem  dest ruct ion  due to proxim al ischem ia, as the lat ter 
w ill not  improve w ith  surgery.

Trauma
• Pat ients present ing w ith  posterior fossa epidural hem atom a 

(EDH) or acute subdural hem atom a (SDH) w ho are awake and 
m eet all of the follow ing radiographic criter ia can  be m an-
aged conservat ively, under close supervision: clot  volum e 
less than 10 m L, hem atom a th ickness less than 15 m m , and 
m idline shift  less than 5 m m .17

• Conversely, pat ients w ho present w ith  a depressed level of 
consciousness, focal neurologic de cits, and/or om inous 
 ndings on CT scan (hydrocephalus, obliterated perim es-
encephalic cisterns, and/or a displaced fourth  vent ricle) are 
candidates for early surgical in tervent ion.1,3,6,18,19

• The indicat ions for operat ive in tervent ion in  the set t ing of 
t raum at ic in t racerebellar hem atom as are sim ilar to those for 
spontaneous hem orrhage (see above).

Preprocedure Considerations
Radiographic Imaging
• Noncontrast  CT provides adequate in it ial im aging in  the set-

t ing of t raum a or hem orrhage.
• MRI—in part icular, di usion-weighted im aging (DWI)—m ay 

be a useful adjunct  in  the set t ing of st roke to di erent iate 
brainstem  from  cerebellar hem isphere ischem ia.

• If the in it ial CT scan reveals evidence of subarachnoid hem or-
rhage and/or blood in  the four th  vent ricle, preoperat ive vas-
cular im aging (angiogram  or CT angiogram ) should st rongly 
be considered to ru le out  an  underlying aneurysm  or ar terio-
venous m alform at ion. The presence of an  underlying vascular 
lesion m ay dictate a change in  operat ive plan  and/or preop -
erat ive endovascular in tervent ion .

Introduction
Acute cerebellar pathology—in the form  of hem orrhage, swell-
ing, and/or infarct ion—represents one of the m ost  urgent  and 
t reacherous of neurosurgical em ergencies. Pat ients present ing 
w ith  these condit ions can deteriorate rapidly and irreversibly. 
Posterior fossa hem atom as and infarcts m ay com press the low-
er brainstem  respiratory and cardiovascular centers, t r iggering 
respiratory arrest  and cardiac instabilit y.

Em ergent  surgical in tervent ion is usually life-saving.1–4 
Tim ely in tervent ion  lends it self to a bet ter overall prognosis in  
such pat ients because com a often  results from  hydrocephalus 
(usually reversible) and brainstem  com pression (rather than 
dest ruct ion).5–10 Also, the fact  that  the cerebral hem ispheres 
rem ain  relat ively una ected allows m any of these pat ients to 
retain  their prem orbid personalit ies and higher-order cognit ive 
funct ion  despite present ing in  com a before surgery.

Indications
Spontaneous Cerebellar 
Hemorrhage
Several factors m ust be considered before deciding to operate:
• Size of hem atom a: Surgical in tervent ion generally is indi-

cated for lesions of greater than 3 to 4 cm  to improve clin ical 
condit ion  and prevent  secondary deteriorat ion  due to cer-
ebellar swelling and herniat ion .9,11

• Neurologic status: The presence of signs and sym ptom s at-
t r ibutable to hydrocephalus (agitat ion , confusion, lethargy), 
brainstem  compression (sixth  or seventh  nerve palsy, hori-
zontal gaze paresis, hem iparesis), or com a should prom pt 
em ergent  surgical in tervent ion .

• Tim e since ictus: Pat ients present ing w ith in  6 to 48 hours of 
hem orrhage often  experience neurologic deter iorat ion  due to 
a com binat ion  of swelling and re-hem orrhage. By contrast , 
those present ing 5 to 7 days after the in it ial bleed typically 
improve or rem ain  stable.

• Issues tangent ial to the prim ary pathology: Age, com orbidi-
t ies, social situat ion , and advance direct ives also m ust  be 
taken in to account . A nursing hom e–con ned, 80-year-old 
pat ient  w ith  dem ent ia and m ult iple m edical com orbidit ies, 
present ing in  com a, m ay not  an  appropriate candidate for 
surgical m anagem ent .11–14
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• A pat ient  w ith  a know n posterior fossa hem atom a (t raum at ic 
or spontaneous) w ho is deter iorat ing rapidly should be taken 
to the operat ing room  direct ly, w ithout a repeat  CT scan. The 
t im e required to com plete an  addit ional diagnost ic study m ay 
not be worth  the diagnost ic yield in  th is set t ing.

• Preoperative im aging (Fig. 5.1).

Ventriculostomy
• The propensity of poster ior fossa m ass lesions to cause 

obst ruct ive hydrocephalus m eans that  a presurgical ventric-
ulostomy is alm ost  always m andatory before decompression. 
Failure to do so m ay result  in  m assive herniat ion  of the poste-
rior fossa contents in to the decom pression, causing death  on 
the operat ing table. The ventr iculostomy should be inserted 
very rapidly to avoid delay in  the deteriorat ing pat ient , and 
m ay be done as a par t  of the decom pression (see below ).

• Occasionally, in  m oribund pat ients, or in  those w ith  sm aller 
posterior fossa hem orrhagic lesions, a ventr iculostomy m ay 
be placed, and the pat ient  observed and re-scanned in  3 to 
4 hours to determ ine if de n it ive surgery is indicated (e.g., if 
clin ical improvem ent or enlargem ent of hem atom a occurs).

• Many authors advocate careful t it rat ion  of the height  of the 
drain  (e.g., star t ing at  30 cm  water and then lowering it  by 
5 cm  water decrem ents every hour unt il 10 cm  water is 
reached) in  order to avoid “upward t ranstentorial herniat ion .” 
This m ay be m ore im portant in  the set t ing of neoplast ic pos-
terior fossa m ass lesions, w here edem a and a m ore protracted 
clin ical course m ake th is complicat ion  m uch m ore com m on.

Medication
• The use of sedat ive-hypnot ic agents should be avoided. Such 

m edicat ions m ay confound the clin ical exam inat ion  and pre-
cipitate respiratory depression.

• A stat  bolus dose of m annitol (0.5–1 g/kg in t ravenous pig-
gyback [IVPB]) m ay be given if clin ical deter iorat ion  occurs. 
Otherw ise, a bolus is adm inistered prior to skin  incision  in  
the operat ing room .

• There is no role for preoperat ive ant iepilept ics unless there is 
concurrent supratentorial hem orrhage.

• Prophylact ic ant im icrobial prophylaxis (the authors prefer 
cefuroxim e) to cover gram -posit ive organism s is given per 
hospital protocol.

Positioning and Operative Field 
Preparation
• To m aintain  adequate head  exion and rotat ion , a three-

pinion head holder is essent ial. The cross bar should be 
padded to prevent  pressure injury were slippage of the pins 
to occur (e.g., w here the bridge of the nose or forehead would 
contact  that  cross bar).

• For evacuat ion  of a predom inan t ly un ilateral hem atom a, 
the lateral park bench  posit ion—w ith  the head tu rned to 
the con t ralateral side and  exed—is su it able. For subdural 
or ext radural hem atom as extending bilaterally, and for 
un ilateral cerebellar in farct ions (w here extensive foram en 
m agnum  decom pression  is needed), the prone posit ion  is 
chosen . For t raum a cases, we at tem pt  to reduce/m in im ize 
cervical  exion  dur ing posit ion ing if the cervical sp ine has 
not  been  cleared . The cervical collar  is replaced after the 
procedure.

• Either an  iodine-based preparat ion  or chlorhexidine/alcohol- 
based solut ion  is used for skin  preparat ion , taking care that  
the solut ion  does not  enter the eyes, especially in  prone 
 posit ion . We use a t ransparent  adhesive dressing  lm  over 
the eyes to protect  the cornea.

• The incision is m arked and in  lt rated w ith  1% lidocaine w ith  
epinephrine 1:100,000.
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Fig. 5.1a–e  Axial CT images demonstrating 
an (a) epidural hematoma, (b) intracerebellar 
hematoma, and (c) left cerebellar infarction with 
mass e ect on the fourth ventricle. (d) MRI DWI 
sequence demonstrating restricted di usion in 
the region of the infarction depicted in (c). DWI 
may distinguish the cerebellar stroke shown in 
from one that extends proximally to the adjacent 
brainstem (e). This distinction is important as 
the lat ter is unlikely to improve with surgery.e

a b

c d
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Operative Procedure
Positioning (Fig. 5.2a, b)

Figure Procedural Steps Pearls

Fig. 5.2 Choice of the (a) prone or (b) lateral park bench 
position is dictated by the location of the clot, 
anticipated extent of exposure, and urgency of the 
situation (see above).

•  Make sure to protect the eyes, face, and cervical spine (if not 
cleared). Ensure that an armored endotracheal tube is used 
and secured well (by suture or tape and ties) to the external 
face and head holder.

a

b
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Skin Incision (Fig. 5.3)

Figure Procedural Steps Pearls

Fig. 5.3 The skin incision is always marked prior to skin preparation to avoid confusion after 
draping. If positioned prone, a midline incision is planned from the inion to the 
spinous process of C2. It can be extended later, if needed. A paramedian incision is 
used for unilateral intraparenchymal hematomas.

The entry point for a ventriculostomy (if not placed preoperatively) should be 
planned and marked, using anatomic landmarks: 5 cm above the inion and 3 cm 
lateral to midline.

A no. 10 blade is used to incise the skin along the previously marked line. The initial 
incision is carried down to the level of deep dermis.

•  Mark the midline and the 
position of transverse sinus 
(extrapolate from a line 
connecting the zygoma 
to the inion) prior to skin 
incision.
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Subcutaneous Dissection (Fig. 5.4a, b)

Figure Procedural Steps Pearls

Fig. 5.4 (a) If using a midline approach, monopolar electrocautery is used to 
incise the subcutaneous fat and then deepen the incision in the avascular 
plane of ligamentum nuchae. The fascia should be cut sharply with a 
knife, instead of cautery, to avoid shrinkage. Self-retaining posterior 
fossa retractors assist retraction of the skin edges at this level. (b) If 
using a paramedian approach, muscle is divided in line with the skin 
incision, using monopolar electrocautery. The occipital branch of the 
external carotid artery (between the third and fourth layers of posterior 
cervical muscles) should be identi ed, coagulated w ith bipolar cautery, 
and divided sharply. Hemostasis is attained w ith monopolar or bipolar 
electrocautery.

•  Monopolar electrocautery should not 
be used when dissecting the tissue 
laterally at the level of foramen magnum 
and C1. Careful sharp dissection with 
Metzenbaum scissors (after thinning out 
the tissue by spreading) is recommended 
to avoid injury to the vertebral artery at 
this level.

a b
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Bony Exposure (Fig. 5.5)

Figure Procedural Steps Pearls

Fig. 5.5 The bony exposure should extend from the inion to the foramen 
magnum. A w ide exposure is needed for cerebellar infarcts, 
extending laterally to a centimeter from the mastoid process. 
This essentially means incorporating the w hole of the w ide 
bony exposure into the craniotomy. A smaller exposure (either 
unilateral or bilateral depending upon the pathology) is needed for 
hematomas. Additional exposure can be obtained if necessary based 
on the CT scan  ndings.

The C1 posterior arch is always exposed (20 mm on each side) but 
need not be resected. Deep cerebellar retractors spread the skin and 
dissected muscles at this level.

•  Care should be taken to avoid stripping the 
muscles o  the spinous process and lamina of 
C2 as this is a major insertion point for many 
of the stabilizing muscles of the neck.
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Bur Hole Placement (Fig. 5.6a, b)

Figure Procedural Steps Pearls

Fig. 5.6 (a) Bur holes are placed at the level of the transverse sinus (approximately 
1 cm below  the inion), to either side of midline. We typically use a perforator 
drill; alternately, a matchstick or acorn bur may be employed. A second set of 
bur holes can be made at the lateral edge of the craniotomy if the dura is very 
stuck to the bone, but typically only two are required. (b) For a paramedian 
approach, one bur hole is placed in the midline position and one at the lateral 
edge of the planned opening.

•  Protect the drill from slipping 
into the foramen magnum region 
during initial stages of the drilling.

a b
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Craniectomy (Fig. 5.7)

Figure Procedural Steps Pearls

Fig. 5.7 An 8-mm acorn bur is used to thin the thick bone buttresses 
over the transverse sinuses and cerebellar convexities. 
When a thin shell of bone remains, a combination of Leksell 
rongeur and Kerrison punches may be used to complete the 
craniectomy.

•  The size of the craniectomy depends on the 
underlying pathology. Typically, infarction requires 
a larger exposure than hematoma.
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Epidural Hematoma Evacuation (Fig. 5.8)

Figure Procedural Steps Pearls

Fig. 5.8 In the case of an epidural hematoma, clot is immediately visible upon bony 
removal. Hematoma is evacuated by gentle suction. Focal bleeding points 
along the dural surface are identi ed and coagulated. Gelatin sponge pow der 
(or bone wax, if pow der is not e ective) is applied to the bone edges.

Clot removal over the sinus may produce heavy bleeding from a sinus tear. 
Small amounts of clot stuck to the sinuses should be left intact.

There is no need to open the dura if the brain appears slack after evacuation 
of the epidural hematoma. However, if the dura is tense, subdural 
exploration is indicated to look for any additional clots (subdural or 
intracerebellar hematoma).

•  Rapid, partial decompression of the 
brain can be achieved by suctioning 
visible clot through the bur holes, 
prior to completion of the bony 
opening. However, care must be 
taken to avoid suctioning in the 
direction of the venous sinuses.
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Dural Opening and Subdural Hematoma Evacuation (Fig. 5.9)

Figure Procedural Steps Pearls

Fig. 5.9 The dura is opened in a Y-shaped fashion to gain adequate 
access to the posterior fossa contents. The superior limbs of 
the Y should commence just inferior to the transverse sinus. 
Either clot or cerebellum will usually bulge out from the dural 
opening at this stage. Complete the dural opening expediently 
w hile protecting the brain w ith a piece of nonadherent 
bandage or a cotton pattie  to avoid incarceration between the 
dural edges. The inferior aspect of the opening (the stem of 
the Y) should extend to the foramen magnum. The dural edges 
may be held open w ith 4-0 braided nylon sutures.

•  The ventriculostomy should be opened to drain at a 
height of 10 to 15 cm water (zeroed to ear level) at 
this stage.

•  Be prepared for tears of the transverse sinus in 
trauma cases (ligating clip system, pressure, head 
up position).

•  A persistent circular sinus (or venous lakes within 
the dural leaves) can be a problem in children 
and occasionally may be encountered in adults. 
Coagulation with bipolar electrocautery and/or the 
use of ligating vascular clips may be necessary.
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Intracerebellar Hematoma Evacuation (Fig. 5.10)

Figure Procedural Steps Pearls

Fig. 5.10 In case of an intracerebellar hematoma, a 2- to 3-cm corticectomy is 
made over the site of clot presentation w ith a bipolar and microscissors/
no. 11 blade. White matter is gently suctioned in the direction of the clot 
until the hematoma cavity is accessed. A brain cannula (e.g., Dandy) can be 
passed into the clot to assist in localization.

The clot is gently suctioned out using no. 9 or no. 12 suction tips. Discrete 
bleeding points are identi ed and coagulated. Self-retaining brain 
retractors assist the exposure during hemostasis. Fukushima (teardrop side 
port) suction tips (e.g., no. 7) may be useful during the hemostasis stage.

The brain w ill usually be slack after clot removal. If not, cerebrospinal  uid 
drainage from the cisterna magna should be attempted prior to resection 
of edematous cerebellum.

•  Ultrasound can be useful for smaller 
and/or deeply located hematomas, 
or if the hematoma is not found 
at the anticipated site after the 
corticectomy.

•  Surgical loupes and a headlight are 
useful adjuncts at this point.

•  Always keep in mind the location of 
the fourth ventricle while suctioning 
the depths of the hematoma cavity.
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Decompression of Infarcted Brain (Fig. 5.11)

Figure Procedural Steps Pearls

Fig. 5.11 In the case of surgery for infarction, w ide decompression is the primary 
objective. The posterior rim of the foramen magnum should always be 
opened. Resection of infarcted cerebellum is required only if closure is 
di cult. Release of cerebrospinal  uid from the cisterna magna is more 
useful for infarcts than for hematoma.

•  In some cases, severe cerebellar swelling 
due to autonomic dysregulation can 
occur.
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Hemostasis (Fig. 5.12)

Figure Procedural Steps

Fig. 5.12 Hemostasis is attained w ithin the resection cavity w ith pinpoint 
bipolar coagulation and again con rmed by Valsalva maneuver. The 
walls of the cavity then are lined w ith an absorbable hemostatic 
agent.
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Dural Closure (Fig. 5.13)

Figure Procedural Steps Pearls

Fig. 5.13 Once an adequate decompression is achieved, the native dura 
is not  reapproximated. Duraplasty may be performed with local 
pericranium, cadaveric dura, or synthetic materials. Dural substitutes 
may be used as an onlay or incorporated w ith the native dural edges 
using a 4-0 braided nylon suture.

Epidural tacking stitches are not necessary except in the setting of 
epidural hematoma.

•  Duraplasty, in the set ting of cerebellar 
infarction, is mandatory to accommodate 
anticipated swelling.

•  If epidural tacking stitches are placed, care 
must be taken (in particular, along the 
superior edge) to avoid the venous sinuses.
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of use. Alternately, 3-0 nylon or polypropylene in terrupted 
st itches m ay be used for skin  closure.

Postoperative Management
Ventriculostomy
• Vent riculostomy is m andatory to preem pt recurrence of 

obst ruct ive hydrocephalus (secondary to hem orrhage or 
swelling) in  the early postoperat ive period.

• The drain  is m aintained in  the open posit ion , at  a height  of 
10 cm  H2O. If drainage is m inim al (,  50 m L) in  24 hours, it  is 
closed for 24 hours and then rem oved, provided a repeat CT 
scan shows norm al ventr icular size.

Closing
• The craniectomy defect  is not closed. Replacem ent  of bone 

or m esh reconst ruct ion of the calvarium  would defeat  the 
purpose of the procedure. Pat ients seldom  require delayed 
cranioplasty for th is indicat ion .

• After achieving hem ostasis and irr igat ing the wound w ith  
ant ibiot ic solut ion , the neck m uscles are approxim ated 
loosely w ith  2-0 braided absorbable in terrupted sutures.

• The need for a subgaleal drain is assessed on a case-by-case basis.
• The fascia is closed t ightly w ith  the sam e suture.
• Subcutaneous t issues are approxim ated w ith  3-0 braided ab-

sorbable sutures.
• The authors prefer to approxim ate the skin  w ith  staples due 

to their iner tness, m inim al r isk for t issue necrosis, and speed 

Fig. 5.14a–d (a) Axial CT image demonstrating resolution of hydrocephalus following evacuation of a posterior fossa 
epidural hematoma. (b) Axial CT soft tissue and (c) bone windows demonstrating a tailored approach for evacuation 
of an intracerebellar hematoma. (d) Axial CT bone window demonstrating the bony margins of a wide suboccipital 
craniectomy for decompression in the set ting of ischemic stroke.

a b

c d
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Monitoring
• The pat ient  is observed in  a m onitored set t ing (in tensive care 

unit), at  least  overnight .
• No sedat ion  is given if the pat ient is extubated.

Medication
• Prophylact ic ant ibiot ics are cont inued for 24 hours, regard-

less of the presence of ventr iculostomy.

Radiographic Imaging
• A noncontrast  CT scan is obtained in  the early postopera-

t ive period to assess the status of the hem orrhage, decom -
pression, and vent ricular size. The early postoperat ive study 
also allows screening for the developm ent  of a delayed epi-
dural or in t racerebral hem orrhage at  a distant , supratentorial 
locat ion—w hich is not  uncom m on.

• Postoperative im aging (Fig 5.14).

Further Management
• The drain  (if present) is rem oved over the next  24 to 48 hours.
• Skin  sutures or staples are rem oved after 1 to 2 weeks.
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Preprocedure Considerations
Radiographic Imaging
• Computed tom ography (CT) is the standard im aging m odalit y 

used to assess calvarial in tegrit y and associated in t racranial 
injury in  the acute set t ing. CT venogram  (CTV) m ay be u t i-
lized to assess sinus injury.

• Magnet ic resonance im aging (MRI)/angiography (MRA) m ay 
be used to diagnose suspected vascular injury (e.g., to a dural 
venous sinus).

• Anteroposter ior and lateral skull radiographs are used rare-
ly to delineate bony injury and/or the presence of m issile 
fragm ents.

• Preoperative im aging (Fig. 6.1).

Medication
• Open fractures should be t reated consistent  w ith  other open 

lacerat ions. This includes adm inist rat ion  of tetanus toxoid 
and broad-spect rum  ant im icrobial prophylaxis.

• If elevated intracranial pressure is suspected, addit ional m an-
agem ent , in  accordance w ith traum atic brain injury (TBI) 
guidelines, is recom m ended. This m ay include hyperosm olar 
therapy.

• Ant iepilept ic drug (AED) prophylaxis is appropriate for the 
prevent ion of early seizures in  the set t ing of TBI, w ith  in t ra-
cranial pathology ident i ed on CT im aging.

Operative Field Preparation
• Lim ited clipping of local hair is reasonable for a closed, com -

pressed fracture. A w ider approach m ay be necessary in  the 
set t ing of an  open, com pound fracture w ith  ant icipated or 
know n in t racranial injury.

• Standard sterile surgical technique is used to prepare the op -
erat ive site.

• Incisions are m arked and in  lt rated w ith  1% lidocaine w ith  
1:100,000 epinephrine.

• Prophylact ic ant ibiot ics are adm inistered.
• Availabilit y of blood products should be dictated by the t ype 

of injury and planned surgical in tervent ion. Rapid and sig-
ni cant  blood loss is possible, for exam ple, in  the set t ing of a 
suspected dural venous sinus injury.

Introduction
Depressed cranial skull fractures often  result  from  high energy, 
blunt , t raum at ic im pacts. Most depressed fractures are located 
in  the frontoparietal region. Although clin ical presentat ion  is 
variable, approxim ately 25% of pat ients w ith  depressed frac-
tures present w ith  loss of consciousness and clin ical sequelae 
of in t racranial hem orrhage.1

A depressed cranial fracture m ay be character ized further as 
“open” or “closed,” based on the in tegrit y of the overlying scalp. 
Closed fractures, w herein  the scalp is in tact , m ay be t reated 
nonsurgically if the depth  of the depressed segm ent is less than 
the m easured w idth  of the calvarial bone adjacent  to the frac-
ture. Open fractures com m unicate w ith  the external environ-
m ent and, as such, are presum ed contam inated. Surgical in ter-
vent ion  is often  required in  these cases for debridem ent , repair 
of dural lacerat ions, cleansing of bone fragm ents, evacuat ion of 
underlying hem atom a, and elevat ion  of the depressed fracture.

Indications2

• Presence of an  open , depressed  fract ure in  an  in fan t  or 
ch ild .

• Depression  of the fracture segm ent  greater than  5 m m  
below  the inner t able of the adjacen t  calvar ial bone in  an  
adult .

• Presence of gross contam inat ion, signi cant extra- or int ra-
axial hem atom a, and/or pneum ocephalus suggest ive of a du-
ral tear.

• Neurologic progression in  the set t ing of a closed fracture m ay 
be due to an  associated expanding hem atom a or com pressive 
e ect  of the depressed bone fragm ent . In  th is case, elevat ion  
of the fracture is indicated.

• Depressed fractures crossing dural venous sinuses deserve 
special considerat ion . While com pression of a dural venous 
sinus m ay induce elevated in t racranial pressure and heighten  
the r isk of venous throm bosis, the risk of hem orrhage w ith  
fracture m obilizat ion  m ay also be signi cant . Therefore, it  is 
reasonable to observe a neurologically stable pat ient  w ith  a 
closed fracture overlying a dural venous sinus. Likew ise, scalp 
debridem ent  alone (w ithout fracture elevat ion) is an  opt ion  
for a neurologically stable pat ient  w ith  an open fracture over-
lying a patent  sinus. A neurologically unstable pat ient , how -
ever, should undergo elevat ion  urgently.
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a
Fig. 6.1a, b Axial CT (a) brain and (b) bone windows demonstrating a focal comminuted and depressed left  frontal skull fracture with associated 
extra-axial blood and parenchymal contusion.

b
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Operative Procedure
Positioning (Fig. 6.2)

Figure Procedural Steps Pearls

Fig. 6.2 Patient position is dictated by location of injury and planned surgical 
procedure. In the event of a standard frontotemporoparietal 
craniotomy, the patient may be positioned supine, w ith the head turned 
to the contralateral side. An ipsilateral shoulder roll may be placed and 
the head of the bed elevated slightly. A horseshoe-shaped headrest 
should be used.3

•  A slightly elevated position may improve 
the surgeon’s view of the injury, but may 
also increase the risk of air embolism. 
Head  exion should be minimized to 
avoid obstruction of venous out ow and 
increased airway resistance.
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Skin Incision (Fig. 6.3a, b)

Figure Procedural Steps Pearls

Fig. 6.3 Super cial debridement may be necessary at the planned incision site for open fractures. 
A (a) linear, (a) inverted horseshoe, or (b) lazy-S incision may be selected, based on the 
actual fracture location and the presence of a scalp disruption. (b) Scalp lacerations should 
be excised as an ellipse and incorporated into the incision if possible. A bicoronal incision is 
preferred for access to depressed fractures in the forehead area.

•  When feasible, the 
incision should be 
planned posterior to 
the hairline.

a b
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Subcutaneous Dissection (Fig. 6.4)

Figure Procedural Steps Pearls

Fig. 6.4 Bipolar electrocautery is used for hemostasis. The scalp  ap can be separated from 
the pericranium using a periosteal elevator. The plane between pericranium and 
galea may be developed w ith sharp dissection.

The temporalis muscle may be exposed and the fascia incised for dissection using 
monopolar cautery. Well-preserved muscle can be separated from the underlying 
bone using sharp dissection. The muscle should be re ected inferiorly and secured 
w ith suture or hook-based retraction.

For closed fractures, the underlying skull is inspected and loose fragments 
removed. Contused pericranium in an open fracture is incised, w ith the 
corresponding clean pericranium elevated to allow for inspection of the bone.

•  Where palpable and/or 
visible bony depression is 
present, the temporalis 
should be dissected away 
from the underlying bone 
with a periosteal elevator. 
Avoid the use of monopolar 
electrocautery in these areas.

•  Any impacted fragments 
that may be compressing or 
lacerating dura are not yet 
removed at this stage.
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Craniectomy (Fig. 6.5a–c)

Figure Procedural Steps Pearls

Fig. 6.5 (a) A standard, high-speed neurosurgical drill is used to create several points of 
trephination in the normal bone lateral to the rim of the depressed bone. (b) In the 
setting of an open fracture, a larger craniectomy that incorporates the traumatic 
fracture line may be planned. (c) Leksell rongeurs (or a matchstick bur) can be used to 
complete a circumferential craniectomy, maintaining a margin of normal bone around 
the area of depression. Free bone fragments are carefully removed and discarded.

•  Bone edges are waxed. 
Salvageable bony 
fragments should be 
soaked in antibiotic 
solution before being 
reassembled.

c

a

b
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Depressed Fracture Elevation and Exploration of Dural Tears4 (Fig. 6.6)

Figure Procedural Steps Pearls

Fig. 6.6 The depressed bone is elevated w ith a no. 1 Pen eld. Epidural hematoma, if 
present, is evacuated. Bleeding dural vessels are cauterized. Any area of dural 
penetration should be explored. This may require extension of the dural defect 
to permit adequate visualization of the subdural space and cortex. If the dural 
tear cannot be approximated primarily, interposition of a pericranial graft may 
be necessary. 

Holes are drilled circumferentially at the periphery of the craniectomy defect. 
Epidural tacking stitches are placed w ith 4-0 braided nylon sutures.

•  Autograft may be preferable 
to allograft for dural repair in 
the set ting of an open fracture 
given presumed contamination 
of the wound and increased risk 
of infection.

•  “Ping pong”-type depressed 
skull fractures in the pediatric 
population can be elevated 
with gentle aspiration using a 
breast milk extractor.
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Venous Sinus Repair (Fig. 6.7a, b)

Figure Procedural Steps Pearls

Fig. 6.7 If injury to the superior sagittal sinus is identi ed, management is dictated by 
anatomic considerations.

(a) If initial mechanical maneuvers to achieve hemostasis fail, the anterior one-
third of the sinus can be ligated without serious adverse e ects. (b) However, 
injury involving the posterior two-thirds requires repair with a galeal or 
pericranial patch.

•  Depressed fractures with 
potential venous sinus 
involvement may require 
additional preoperative imaging 
to assess sinus patency and injury.

•  Management of venous sinus 
injury is discussed in Chapter 10.

a

b
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Calvarial Reconstruction (Fig. 6.8)

Figure Procedural Steps Pearls

Fig. 6.8 If explanted bone fragments 
are not excessively comminuted 
or contaminated, they may be 
replaced using a mini-plate and 
screw   xation system.

If the bone fragments are not 
salvageable, titanium mesh 
may be used to bridge the 
defect.

•  Salvageable fragments may be reassembled on the back table prior to 
reimplantation, so as to achieve reasonable cosmesis. Special at tention (and possibly 
the participation of a plastic surgeon) may be required in areas of high visibility, such 
as the orbital rim and forehead.

•  Methyl methacrylate should be avoided in children but can be used as a 
reconstructive adjunct for adults—either to augment the reimplanted bony construct 
or to provide contour if mesh must be used to cover larger defects.

•  Absorbable bone plates and screws are recommended for pediatric patients.
•  A custom cranioplasty implant is an option for an adult patient with a large cranial 

defect. However, this does require a second surgical procedure, as well as use of a 
protective helmet during the interval between injury and receipt of the implant.5
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Radiographic Imaging
• Pat ients w ith  contam inated, open depressed fractures m an-

aged surgically should be followed w ith CT im aging over the 2 
to 3 m onths after init ial debridem ent . Clinical signs/symptom s 
of infect ion, as well as wound complicat ions and seizures, m ay 
prompt unscheduled CT invest igat ion. Intravenous contrast  
infusion is indicated if a diagnosis of infect ion is contemplated.

• Postoperative im aging (Fig. 6.9).

Special Considerations
• Depressed fracture over a venous sinus poses a unique situ-

at ion. A preoperat ive angiogram  w ith venous  ow  phase, CT 
venogram , or MRA is recom m ended. The decision to operate is 
based on the neurologic status of the pat ient , the locat ion of si-
nus involvem ent , and the degree of venous  ow  comprom ise.

• A neurologically stable pat ient  w ith  a closed, depressed frac-
ture over a venous sinus can be observed. A pat ient  w ith  an  
open, depressed fracture over a patent venous sinus should 
undergo skin  debridem ent  w ithout  elevat ion  of the de-
pressed bone segm ent . However, if the pat ient  is neurologi-
cally unstable, urgent elevat ion  m ay be required.

• In the case of sinus throm bosis, the anterior one-third of the 
superior sagit tal sinus usually can be ligated w ithout conse-
quence. However, injury to the posterior two-thirds of the sinus 
requires either prim ary repair or interposit ion graft ing (w ith a 
galeal or pericranial patch). Alternatively, a piece of m uscle or 
gelatin sponge can be sutured over the sinus as a bolster.

• If the native bone cannot be replaced, either titanium cranioplas-
ty or a polyetheretherketone (PEEK) implant may be considered.

Closing
• The wound is ir r igated w ith  copious am ounts of ant ibiot ic 

solut ion .
• Depending on type of t raum at ic injury, sterile drainage tub-

ing m ay be im planted and secured.
• Tem poralis m uscle and fascia are reapproxim ated w ith  

2-0 braided nylon sutures.
• The galea is closed w ith  inverted, in terrupted 3-0 braided 

absorbable sutures.
• The skin  is closed either w ith  staples or 3-0 nylon vert ical 

m at t ress st itches.
• A sterile dressing is applied and accom panied by a com pres-

sive head w rap, if necessary.

Postoperative Management
Further Management
• Post t raum at ic and postoperat ive m anagem ent are perform ed 

in  accordance w ith  published TBI guidelines.
• Skin  sutures or staples m ay be rem oved in  7 to 10 days, 

 depending on type of injury and wound closure.
• Prophylact ic ant ibiot ics are given for 5 to 7 days to lessen  the 

risk of central nervous system  infect ion . The authors prefer 
in t ravenous cefazolin  or piperacillin-tazobactam . However, 
there is insu cient  evidence to support  a speci c agent or 
durat ion  of therapy in  th is set t ing.

• Ant iconvulsants are often  given to reduce risk of seizures, 
 although the support ing evidence is equivocal.

Fig. 6.9a, b Axial CT (a) brain and (b) bone windows demonstrating elevation and repair of the depressed skull fracture depicted in Fig. 6.1. 
An external ventricular drain has been placed to facilitate monitoring of intracranial pressure and therapeutic drainage of cerebrospinal  uid.

a b
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Invasive Neuromonitoring Techniques
Mathieu Laroche, Michael C. Huang, and Geof rey T. Manley7

Introduction
Invasive neuromonitoring assists the diagnosis and treatment of 
patients presenting with—or at risk for—intracranial hypertension, 
de ned as intracranial pressure (ICP) greater than 20 mm  Hg. 
A variety of intracranial pathologies such as traum atic brain injury, 
subarachnoid hem orrhage, intracerebral hem orrhage, and isch-
em ic stroke (associated w ith malignant edem a) may contribute to 
an altered level of consciousness and, therefore, an unreliable neu-
rologic exam . Further decline in neurologic status may be di cult  
to detect based on serial clinical evaluation alone. Invasive neuro-
monitoring can point to signs of deterioration and trigger appro-
priate interventions. Although ICP m onitoring is m ost com m on, 
additional advanced modalities for the m onitoring of brain tissue 
oxygen tension, m icrodialysis, cerebral blood  ow, and jugular 
venous saturation can help the practitioner achieve a m ore com -
prehensive understanding of pathologic cerebral physiology and, 
in turn, provide individualized treatm ent w ith targeted therapies.

Indications
Monitoring of ICP by 
External Ventricular Drain or 
Intraparenchymal Pressure Probe1

• Diagnosis and t reatm ent  of in t racranial hyper tension
 ◦ An external ventricular drain  (EVD) is considered the gold 
standard for ICP m easurem ent . Placem ent of an  EVD allows 
both  for diagnost ic m onitoring of ICP and therapeut ic 
drainage of cerebrospinal  uid (CSF).

 ◦ An in t raparenchym al pressure m onitor ( beropt ic or m icro 
st rain  gauge device) allows for m onitoring of ICP alone. 
The in t raparenchym al probe m ay be coupled w ith  other 
neurom onitoring m odalit ies in  a m ult ipor t  bolt  apparatus 
or used in  isolat ion .

• As per published guidelines, indicat ions for ICP m onitoring in  
the set t ing of severe t raum at ic brain  injury (TBI)2

 ◦ Glasgow Coma Scale (GCS) score   8 after resuscitation, in  
com bination w ith an abnorm al head computed tom ography 
(CT; hem atom a, contusions, swelling, herniation, compressed 
basal cisterns) (Level II recom mendation)

 ◦ GCS   8 after resuscitat ion , w ith  a norm al head CT, and 
associated w ith  two or m ore of the follow ing on adm ission 
(Level III recom m endat ion):

 ▪ Age .  40 years
 ▪ Unilateral or bilateral m otor posturing
 ▪ Systolic blood pressure ,  90 m m  Hg

Monitoring of Brain Tissue 
Oxygen Tension, Jugular Venous 
Saturation, and/or Cerebral 
Blood Flow 3

• Ancillary m onitoring of cerebral physiology m ay facilitate 
cerebral perfusion pressure (CPP) m anagem ent  in  severe TBI 
w ith  loss of autoregulat ion  (Level III recom m endat ion).

• The brain  t issue oxygen tension probe usually is placed in  the 
less injured cerebral hem isphere for m ore consistent  m ea-
surem ent  and early detect ion  of secondary brain  injury.

Microdialysis4

• Ancillary m onitoring of cerebral m etabolic param eters m ay 
facilitate CPP and brain-speci c m anagem ent in  severe TBI 
(Level III recom m endat ion).

• Placem ent of the m icrodialysis catheter is dictated by the 
speci c pathology:
 ◦ In  the r ight  frontal lobe of pat ients w ith  di use brain  injury.
 ◦ In  the pericontusional t issue (penum bra) in  pat ients w ith  
a focal m ass lesion; a second probe m ay be placed in  
uninjured or “norm al” t issue for comparison.

 ◦ In  the region of the brain  at  r isk of vasospasm  follow ing 
severe subarachnoid hem orrhage.4

Preprocedure Considerations
Radiographic Imaging
• Noncontrast  head CT should be reviewed for:

 ◦ Size of the vent ricular system
 ◦ In t raventricular hem orrhage
 ◦ Mass e ect  or focal lesion
 ◦ Skull fractures
 ◦ Distance from  the bone to the frontal horn  (for EVD 
placem ent)

Coagulation Parameters
• In ternat ional norm alized rat io (INR), par t ial throm boplast in  

t im e (PTT), and platelets should be in  norm al range.
• In  the coagulopath ic pat ien t , consider t ransfusion  of p late-

let s, fresh  frozen  plasm a (FFP), and/or proth rom bin  com plex 
concen t rate—as appropr iate—before the procedure.
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• Elevate the head of the bed approxim ately 30 degrees.
• Clip hair overlying the frontal quadrant using an  elect ric razor.
• Ident ify im portant  anatom ic landm arks:

 ◦ Midline
 ◦ Nasion
 ◦ Mid-pupillary line
 ◦ External auditory canal
 ◦ Coronal suture (by palpat ion)

• Ident ify the approxim ate locat ion  of Kocher’s point  by one of 
the follow ing st rategies:
 ◦ 11 cm  posterior to the nasion and 3 cm  lateral to m idline
 ◦ 1 cm  anterior coronal suture and 3 cm  lateral to m idline
 ◦ In tersect ion  of the m idpupillary line w ith  a perpendicu-
lar line extending from  the m idpoint  of an  im aginary line 
connect ing the external canthus to the t ragus

• In  lt rate the skin  at  the planned incision  site w ith  1% lido-
caine w ith  epinephrine 1:100,000.

• Prepare the skin  w ith  alcohol before applicat ion  of provio-
dine iodine or chorhexidine.

• Anatom ic landm arks for placem ent of EVD (Fig. 7.1).

Availablity of All Necessary 
Equipment
• Placem ent  can  be perform ed either in  the operat ing room  or 

at  the bedside (m ost com m only).

Medication
• Lidocaine 1% w ith  epinephrine 1:100,000 for local anesthesia
• Midazolam  or propofol for sedat ion
• Fentanyl for analgesia

Operative Field Preparation for 
Intracranial Neuromonitoring
• Posit ion  the head in  the neutral posit ion  (a r igid C-collar, 

bean bag, or  xat ion w ith  tape are e ect ive ways to achieve 
th is at  the bedside).

Fig. 7.1a–c Multiple measurement strategies have been proposed to determine the optimal entry point for insertion of an EVD (or comparable 
invasive monitor): (a) 11 cm posterior to the nasion and 3 cm lateral to midline, (continued)

a
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Fig. 7.1a–c (continued) (b) 1 cm anterior to coronal suture and 3 cm lateral to midline, and (c) intersection of the midpupillary line with a 
perpendicular line extending from the midpoint of an imaginary line connecting the external canthus to the tragus.

b

c
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Operative Procedure
Placement of Intracranial Monitors
Positioning (Fig. 7.2)

Figure Procedural Steps Pearls

Fig. 7.2 The head is maintained in the neutral position w ith 
the head of bed at 30 degrees.

 •  The operator stands behind the patient.
•  A C-collar or bean bag is useful to maintain the head in the 

neutral position.
•  EKG electrodes can be placed on the nasion and tragus for easier 

palpation of the landmarks after draping.
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Skin Incision (Fig. 7.3)

Figure Procedural Steps Pearls

Fig. 7.3 A small stab incision is made at the planned entry 
site and extended through the scalp to the level of 
bone.

•  For EVD: at Kocher’s point.
•  For brain tissue oxygen: 1 to 2 cm behind Kocher’s point.
•  For cerebral blood  ow : 1 to 2 cm in front of Kocher’s point.
•  If advanced neuromonitoring probes are too close to the EVD, 

or each other, they may not provide accurate and reliable 
information.
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Twist Drill Craniostomy (Fig. 7.4)

Figure Procedural Steps Pearls

Fig. 7.4 Using the tw ist drill, 
a small craniostomy is 
performed, followed 
by copious irrigation to 
remove blood and bone 
debris.

•  An assistant is helpful to stabilize the head during drilling to maintain neutral positioning. 
As a general rule, each cannulation system comes equipped with a proprietary drill bit . For 
an EVD, a 5.3-mm drill bit  is provided. If available, a drill safety stop should be used.

•  It  is important to perform the craniostomy absolutely perpendicular to the plane of the 
skull. The trajectory may be assisted by aiming at the ipsilateral inner canthus in the coronal 
plane and just anterior to the tragus in the sagit tal plane or with the use of a tripod device.

•  The operator is able to feel a change in the resistance as the drill travels through the outer 
cortex (hard), diploe (soft), and inner cortex (hard). The operator should slow down as 
more resistance is felt  while the drill penetrates into the inner cortex to avoid plunging 
into the brain tissue. After removing the twist drill, the dura can be palpated using a spinal 
needle or a small blunt instrument.
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Variation for Bolt-type Monitors (Fig. 7.5)

Figure Procedural Steps Pearls

Fig. 7.5 If a bolt-based system is being used, the bolt 
should be screwed into the craniostomy site to 
 nger tightness.

•  The dura then is punctured by passage of the central stylet. The 
 beroptic pressure monitor or EVD catheter is threaded through 
the central opening in the bolt to the desired depth. The cu  is 
t ightened and the locking sheath pulled over top to secure the 
system.
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Opening of Dura and Leptomeninges (Fig. 7.6)

Figure Procedural Steps Pearls

Fig. 7.6 The dura is punctured using a 18-gauge spinal 
needle or a 14-gauge needle.

The pia is perforated using the spinal needle or a 
no. 11 blade.

•  A loss of resistance will be felt  when the dura is perforated using 
the needle. Multiple punctures might be necessary to open the 
dura completely.

•  For brain tissue oxygen monitors: The dura must be opened 
completely beneath the craniostomy to avoid damaging 
the electrode tip. To achieve a bet ter result , a no. 11 blade 
is used to open the dura in a cruciate manner, under direct 
visualization. A slighty larger skin incision may be necessary.

•  A good pial opening is essential to minimize the risk of subdural 
placement of neuromonitors.
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Variation for External Ventricular Drain (Fig. 7.7)

Figure Procedural Steps Pearls

Fig. 7.7 The ventricular catheter—with stylet—is inserted 
slow ly to a maximal depth of 6 cm from the 
outer table of the bone. When the frontal horn is 
cannulated, a slight increase in resistance, followed 
by a loss of resistance (a “pop”), is classically felt. 
The stylet then is removed. There should be clear 
CSF drainage from the ventricular catheter.

•  The ipsilateral frontal horn should be punctured at a depth of 
3 to 5 cm from the inner table of the bone with the catheter 
oriented perpendicular to the bone and targeted at the inner 
canthus of the ipsilateral eye in the coronal plane and just in 
front of the tragus in the sagit tal plane.5,6

•  If the ventricle is not cannulated after three at tempts, the 
ventricular catheter should be left  in place and its position 
veri ed with a head CT.

•  EVD placement is more di cult  in patients with small ventricles. 
In this situation, adjuncts such as a tripod (a small device 
that ensures that the catheter is perpendicular to bone),7 
neuronavigation, and ultrasound may be considered to assist  
accurate catheter positioning.

TH_Ullman_CH07.indd   109 3/19/15   9:05 PM



I Cerebral Trauma and Stroke

110

Tunneling and Securing the Cathether (Fig. 7.8a, b)

Figure Procedural Steps Pearls

Fig. 7.8 (a) Using a trocar, the ventricular catheter is tunneled 
about 5 cm from the incision. 

(b) After removing the trocar, a Luer lock and cap are 
applied. The EVD is secured to the skin at multiple 
points w ith 3-0 nylon stitches.

•  Secure the Luer lock connection with a 2-0 silk tie.

•  A gentle loop of the external portion of the catheter permits 
stay sutures at 3, 6, 9, and 12 o’clock. Failure to secure the EVD 
adequately to the patient may leave the system vulnerable to 
unintended, traumatic explantation.

a b
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Variations for Monitor Placement (Fig. 7.9)

TH_Ullman_CH07.indd   111 3/19/15   9:05 PM



I Cerebral Trauma and Stroke

112

Figure Procedural Steps Pearls

Fig. 7.9 The  beroptic ICP probe is zeroed with respect to air.

Intraparenchymal Monitor
The probe then is introduced into the central 
opening of the bolt apparatus and advanced into 
the brain parenchyma—deep enough to obtain a 
reliable ICP measurement (no more than 2.5 cm). 
The pressure probe then is secured to the bolt 
system or tunneled and secured to the skin 
depending on the system.

Variation for Brain Tissue Oxygen Monitor
After ensuring that the dura and the pia are 
opened, the inner sleeve is inserted into the bolt. 
The brain tissue oxygen probe, in turn, is inserted 
through the inner sleeve into its predetermined 
port. The inner sleeve then is secured to the bolt by 
a screw.

Variation for Cerebral Blood Flow  Monitor
After connecting to the monitor, the cerebral 
blood  ow probe is inserted into the w hite matter 
(2 to 2.5 cm deep to the dura, into the centrum 
semiovale). The probe is secured to a bolt or 
tunneled and secured to the skin.

Variation for Microdialysis Cathether
The microdialysis probe is inserted into the 
parenchyma to a depth of about 2 cm, depending 
on the region of interest. It is secured to the skin 
after tunneling, or it can be secured through a bolt 
system.8

•  To zero the probe, follow the individual manufacturer’s 
instructions.

•  Visualization of the ICP waveform during insertion can assist 
in the placement. If no waveform or an unexpectedly high 
pressure is observed, remove the probe temporarily, reassess 
the patency of the dural opening, and consider irrigation with a 
small amount of sterile saline.

•  The ICP monitor can be tested after insertion with brief bilateral 
manual compression of the jugular veins (Queckenstedt 
maneuver). This maneuver reduces venous out ow and, 
thereby, increases ICP.

•  There should be no resistance when the inner sleeve and the 
brain tissue oxygen probe are inserted if the dura is widely open 
and the pia has been pierced. Any signi cant resistance during 
placement of the inner sleeve indicates a need for wider dural 
opening. Resistance during probe placement could mean that 
the probe is migrating in the epidural space or sliding over the 
brain. An FiO2 challenge (rapid increase in inspired oxygen to 
100%) should be used to verify that the probe is functioning.
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Placement of Jugular Venous Saturation (SjVO2) Monitor
Positioning (Fig. 7.10)

Figure Procedural Steps Pearls

Fig. 7.10 The patient is positioned in a slight Trendelenburg 
position to distend the jugular vein. The entire neck 
and the upper thorax are prepped and draped.

•  Retrograde catheterization of the internal jugular vein is 
accomplished using the same Seldinger technique as for the 
placement of central venous catheters.
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Skin Incision and Insertion (Fig. 7.11)

Figure Procedural Steps Pearls

Fig. 7.11 The puncture site is medial to the 
sternocleidomastoid muscle, about 3 cm lateral 
and 2 cm above the medial border of the clavicle. 
After the internal jugular vein is cannulated, 
the Seldinger technique is used to advance the 
introducer sheath. The medial and distal port of the 
 beroptic catheter are  ushed w ith a heparinized 
solution and the catheter is advanced to a depth of 
16 to 18 cm.

•  The needle must be advanced from the insertion point toward 
the external auditory meatus under constant aspiration with a 
30-degree angle in the sagit tal plane. When the internal jugular 
vein is cannulated, there will be a blush of dark blood and a loss 
of resistance.

•  The guidewire should not be introduced more than the 
intended length of the  beroptic catheter (16 to 18 cm).

•  An ultrasound device can be helpful in identi cation and 
cannulation of the vessels.
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Veri cation of Position (Fig. 7.12)

Figure Procedural Steps Pearls

Fig. 7.12 Anteroposterior (AP) and 
lateral skull X-rays are obtained 
to verify position. In this 
representative lateral X-ray, the 
tip of the catheter is denoted 
by the arrow.

•  The tip of the  beroptic catheter should be high in the jugular bulb to maximize the 
likelihood of measuring the venous blood draining from the brain and to minimize 
contamination from extracranial blood. X-ray veri cation is recommended to ensure 
that the tip of the catheter is just medial to the base of the mastoid bone in the AP 
plane and at the lower portion of C1 in the lateral plane. The position of the catheter 
can also be veri ed with a head CT, where it  should be seen in the jugular foramen at 
the base of the skull.
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Closing
• The incision site is irr igated. The skin  incision is closed w ith  

3.0 nylon sutures.
• A sterile t ransparent  dressing is placed over the incision  site 

(or around the bolt  apparatus).
• Calibrat ion

 ◦ EVD: after catheter placem ent , the drain  height  is selected 
(in  cm  H2O). The drainage system  is set  w ith  the zero point  
level to the top of the pat ient’s ear. This corresponds to the 
approxim ate level of the foram en of Monro—the m idpoint  
of the ventr icular system . The pressure waveform  m ay be 
recorded by at tachm ent  to an  external st rain  gauge or by 
inser t ion  of a  beropt ic pressure probe or m icro st rain  
gauge device in to the EVD lum en (and connect ion  to a 
stand-alone m onitor box).

 ◦ Parenchym al ICP m onitor: the  beropt ic pressure probe 
is at tached to a stand-alone m onitor box and zeroed w ith  
respect to air prior to insert ion into the seated bolt apparatus.

 ◦ Brain tissue oxygen m onitor: Calibrat ion  is achieved 
through the use of a sm artcard.

 ◦ Cerebral blood f ow m onitor: To ensure that the probe is op-
tim ally placed, the K value on the m onitor should be between 
4.8 and 5.6 and the probe position assistant (PPA) below 2. The 
K value varies depending on the conductivity of the tissue. 
The K value of white m atter is between 4.8 and 5.9. PPA indi-
cates the artifact created by the pulsation of the brain tissue (if 
the probe is close to a vessel). A value of 0 indicates no artifact.

 ◦ Jugular venous saturation m onitor: Once correct  probe 
posit ion  has been veri ed, light  in tensity calibrat ion  of the 
oxim et ry system  can be perform ed. A blood sam ple from  
the t ip  of the catheter is also sent for analysis to con rm  
the value on the oxim etry system . Frequent recalibrat ion  
is required and should be prom pted by any sudden change 
in  the jugular venous saturat ion—prior to any alterat ion  of 
m edical m anagem ent .

Postoperative Management
Monitoring
• Patients for whom  invasive neurom onitoring is indicated gen-

erally w ill be housed in the intensive care unit set t ing. The m a-
jority w ill be intubated. Intensive adjunctive m onitoring w ith  
a com bination of frequent neurologic checks, an arterial line, a 
central venous catheter, telem etry, pulse oxim etry, and, in som e 
cases, end-tidal CO2 capnography is routine in this population.

Medication
• Sedat ion  w ith  propofol or dexm edetom idine is preferred 

because the shor t-act ing nature of these agents perm its 
serial assessm ent of neurologic status.

• A prophylact ic dose of ant ibiot ics (cefazolin , or clindamycin  
in  the set t ing of allergy to penicillin) should be adm inistered 
w ith in  the hour prior to skin  incision for m onitor placem ent .

Radiographic Imaging
• It  is com m on pract ice to perform  a post-procedure noncon-

t rast  head CT in  order to verify the posit ion  of the probe(s) 
and to exclude iat rogenic hem orrhage.

• Most  invasive in t racranial m onitors, w ith  the except ion  of 
the external vent ricular drain , are not  MRI-com pat ible. For 
further inform at ion , refer to the m anufacturer guidelines for 
the speci c device.

• Postprocedure CT im aging (Fig. 7.13).

Further Management
• Advances in  the  elds of neurointensive care and m ult im odal 

neurom onitoring have signi cant ly changed the m anagem ent 
of severe t raum at ic brain  injury (TBI) in  the last  two decades. 
Since 1995, the Brain  Traum a Foundat ion has published 
m anagem ent guidelines for the t reatm ent and prevent ion  of 
in t racranial hypertension (ICP .  20 m m  Hg) and the m ainte-
nance of adequate CPP (50 to 70 m m  Hg) in  order to m inim ize 
secondary injuries. The use of advanced neurom onitoring 
m odalit ies such as the brain  t issue oxygen, cerebral blood 
 ow, and m icrodialysis probes should be considered in  cases 
w here cerebral autoregulat ion  is com prom ised. When used 
appropriately, these addit ional m onitors m ay provide a m ore 
comprehensive understanding of the altered physiology and 
enable individualized, targeted therapy.

• Cerebral tissue oxygen (PbtO2) is m easured by a sm all, 
polarographic, Clarke-type in t raparenchym al probe that  
records the part ial pressure of brain  t issue oxygen tension. 
It  is usually inserted in  noninjured w hite m at ter, away from  
any contusion, to perm it  an  est im ate of “global” cerebral 
physiology and serve as an  early detect ion  system  for sec-
ondary brain  injury. Accurate, real-t im e m easurem ents can 
be obtained 1 to 2 hours after insert ion . The frequency and 
durat ion  of cerebral desaturat ion episodes—de ned as PbtO2 
less than 15 m m  Hg—correlate w ith  outcom e. Although there 
seem s to be a t rend toward bet ter outcom e w ith  PbtO2-
targeted therapy to prevent and agressively t reat  episodes 
of subthreshold PbtO2, it  is unclear w hether a h igher PbtO2 
o ers any bene cial e ect  for the pat ient .3,9–11 Monitoring 
of PbtO2 also h ighlights the in terdependence of brain  t issue 
oxygen tension and pulm onary funct ion . Before at t r ibut ing 
a low  PbtO2 to a reduct ion in  cerebral blood  ow, it  is neces-
sary to exclude any ext racranial condit ions that  could nega-
t ively im pact  blood oxygenat ion, such as lung contusions, 
acute respiratory dist ress syndrom e, pneum onia, atelectasis, 
or anem ia. Adjunct ive diagnost ic m odalit ies—arterial blood 
gas (ABG), com plete blood count (CBC), chest  X-ray, and FiO2 
challenges—m ay help to elucidate the underlying cause of an 
observed desaturat ion . Moreover, the posit ion  of the probe 
should be assessed before in it iat ing m ore aggressive t reat-
m ents. Im proper probe posit ioning in  the epidural space, in  a 
sulcus, in  the cortex, or adjacent to contused brain  can  cause 
erroneous readings.

• Jugular venous saturation m onitor (SjVO2): Retrograde 
cannulat ion  of the distal por t ion  of the in ternal jugular vein  
perm its a “global” m easurem ent  of the oxygen delivery to 
the brain . Norm al SjVO2 ranges between 55 and 70%. A low  
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 saturat ion  (,  50%) has been correlated w ith  ischem ia and 
worse outcom e after severe TBI, w hereas a h igh value (.  80%) 
m ay correlate either w ith  hyperem ia (w here increased  ow  
reduces the saturat ion  di erence) or w ith  brain  death  (w here 
impaired m etabolism  and t issue death  reduce the saturat ion  
di erence). The observed value is sensit ive to the posit ion  of 
the catheter. Contam inat ion by extracerebral venous blood, 
for exam ple, w ill lead to a lower value.12,13 As w ith  brain  t is-
sue oxygen m onitoring, potent ial system ic causes (hypoxia, 
hypotension, hypocarbia, anem ia) m ust  be ruled out  w hen a 
low  value is observed. Although m uch controversy exists re-
garding the opt im al side for placem ent  of the SjVO2 probe, it  
is t ypically inser ted on the right  side because the r ight  t rans-
verse sinus is the m ost frequently the dom inant site for the 
venous drainage of the brain . The jugular venous saturat ion  
m onitor, w hen used in  com binat ion  w ith  the PbtO2 probe, 
provides both  a global (SjVO2) and a focal (PbtO2) assessm ent 
of brain  t issue oxygenat ion. This com binat ion allows for 
the dist inct ion  between hyperem ia and hardware failure if 
a value seem s to be out  of range. Moreover, the tandem  use 
of SjVO2 and PbtO2 m ay facilitate m odi cat ion  of therapy to 
opt im ize CPP in  the set t ing of im paired autoregulat ion . The 

pract it ioner should be aware that  the m easurem ent of SjVO2 
is ext rem ely labor in tensive because of the frequent  need to 
assess the posit ion  of the probe and to com pare blood sam -
ples obtained from  the t ip  of the cathether to the values ob-
tained by oxim etry.

• Cerebral blood f ow  (CBF) m onitoring: An in t raparenchy-
m al probe m easures the local blood  ow  using a therm al 
di usion technique. The probe is inserted in  the w hite m at-
ter (norm al CBF 20–35 m L/100 g/m in). A value of less then 
9 m L/100 g/m in indicates a degree of ischem ia that  w ill lead 
to irreversible cellular dam age. It  is important  to note that  the 
m easured value re ects the status of only the sm all, spheri-
cal volum e of brain  t issue (27 m m 3) around the catheter 
t ip  and that  the m easurem ent is ext rem ely probe posit ion-
dependent .14–16 Proxim ity of the probe to injured t issue w ill 
produce a lower CBF value as com pared w ith  that  m easured 
by a probe posit ioned w ith in  norm al-appearing cor tex.

• Microdialysis: A m icrodialysis probe allows for the study of 
the brain  t issue chem ist ry through m easurem ents of cere-
bral m etabolism . Glucose, pyruvate, and lactate are m arkers 
of energy m etabolism . Glutam ate and glycerol are m arkers 
for neuronal injury. The rat io of lactate to pyruvate correlates 

a b

c d e

Fig. 7.13a–e  Normal appearance of the indwelling blood  ow and cerebral tissue oxygen probes, as well as the EVD catheter, at  the level of the 
left frontal lobe (a, bone window; b, brain window). From anterior to posterior: cerebral blood  ow, EVD, and cerebral tissue oxygen. (c, e) Optimal 
positioning of the EVD catheter in the right anterior horn, near the foramen of Monro, and (d) the cerebral brain tissue oxygen probe in the white 
mat ter of the right frontal lobe.
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sis in  severe brain  t raum a: the im portance of catheter locat ion . 
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w ith  the severit y of clin ical symptom s and outcom e after 
brain  injury. Microdialysis has been used in  the set t ing of se-
vere TBI and subarachnoid hem orrhage to predict  ischem ia 
and vasospasm .4 The use of m icrodialysis is labor in tensive 
and necessitates a h ighly t rained team . Results w ill d i er de-
pending on w hether the probe is posit ioned w ith in  norm al 
or contused t issue.17

Special Considerations
ICP rem ains the cornerstone of invasive brain  m onitoring. Ad-
vanced neurom onitoring techniques provide an  opportunity 
for bet ter understanding of cerebral pathophysiology; however, 
e ect ive use of th is technology requires an  understanding of 
how  to both  properly place the probe and in terpret  the data. 
Data derived from  these m odalit ies are ext rem ely dependent 
on  the posit ion  of each probe. Therefore, veri cat ion  of probe 
posit ion  is essent ial prior in it iat ing signi cant  changes in  clin i-
cal m anagem ent . Furtherm ore, pat ients requiring such m oni-
toring t ypically are com plex and m ay present  w ith  a variet y of 
cerebral pathophysiologic abnorm alit ies. The pract it ioner m ust  
possess a deep and clear understanding of cerebral physiology 
and m etabolism  in  order to use the inform at ion e ect ively in  
the pat ient-speci c t reatm ent of TBI. In  sum m ary, w hile there 
does exist  a role for the use of advanced neurom onitoring tech-
niques, the results m ust  be in terpreted and applied crit ically.
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Indications
• The totality of the observed injury re ects a com bination of 

forces: (1) direct crush injury in icted by the project ile along 
its path; (2) cavitat ion produced by the centrifugal e ects of the 
project ile on the parenchym a; and (3) st retch injury result ing 
from  the shock wave generated by the projectile in t ransit . 
Each m ust be factored into the decision-m aking process.

• Two fundam ental decisions drive m anagem ent: (1) w hether 
or not  to operate and, if so, (2) the extent of the in tervent ion 
to be under taken.

• The decision of w hether or not to operate is dictated both  by 
clin ical status and the observed radiographic pathology.
 ◦  Support ive, expectant (nonoperat ive) m anagem ent m ay be 
appropriate for a pat ient  present ing w ith  a Glasgow  Com a 
Scale (GCS) score   5 and bilateral  xed, dilated pupils 
post-resuscitat ion .

 ▪  If such a patient presents w ith a potent ially reversible m ass 
lesion and is deem ed otherw ise m edically viable, consid-
eration m ay be given to em ergent operative intervention.
 ▪  If no extra-axial m ass lesion is present , considerat ion  m ay 
be given to a t r ial of hyperosm olar therapy (20% m anni-
tol bolus 1 g/kg); if a signi cant  im provem ent in  m otor 
exam  and/or pupillary response is noted, the pat ient  m ay 
be considered a potent ial candidate for surgery.

 ◦  Hem odynam ic instabilit y and/or profound coagulopathy 
m ay in  uence the decision  to forego operat ive in tervent ion .

 ◦  Certain om inous radiographic  ndings portend a poor prog-
nosis: anteroposterior or bilateral hem ispheric through-
and-through trajectory; or t rajectory through the brainstem , 
hypothalam us, posterior fossa, and/or venous sinuses. These 
factors should be taken into account w hen determ ining can-
didacy for operat ive intervention.

 ◦  On the other hand, a pat ient  present ing w ith  a GCS score of 
14 or 15 and m inim al radiographic injury m ay require only 
local wound care and close observat ion .

• Clin ical exam  and radiographic features guide the extent of 
operat ive intervent ion .5,8

 ◦  Lim ited surgery m ay be appropriate for a pat ient  present-
ing w ith  a sm all ent rance wound, coupled w ith  m inim ally 
depressed bone fragm ents and lit t le or no m ass e ect  and/
or hem atom a on head com puted tom ography (CT). Such a 
pat ient  m ay bene t  from  super cial debridem ent .9

Surgical Debridement of  
Penetrating Injuries
Roland A. Torres and P.B. Raksin

Introduction
Although open head injuries are com m only referred to as 
penetrat ing, not  all such injuries are alike. The term   penetrat ing 
injury technically describes the situat ion  in  w hich a project ile 
enters the skull but  does not exit . A perforat ing injury occurs 
w hen the project ile passes ent irely though the head, leaving 
both  an  ent rance and an  exit  wound. This dist inct ion  has 
prognost ic im plicat ions. In  a series of project ile-related head 
 injuries during the Iran-Iraq War, pat ients t reated for perforat-
ing wounds had a poorer postsurgical outcom e (50% greater 
m orbidity and m ortalit y) than those t reated for penet rat ing 
wounds.1

Penetrat ing head injuries m ay result  from  in tent ional or 
unintent ional events, including shoot ings, stabbings, blast  in-
juries, and m otor vehicle or occupat ional accidents (e.g., nails). 
Stab wounds are character ized by a sm aller impact  area and 
lower velocity than m issile wounds. For the purposes of th is 
chapter, we lim it  our discussion  to m issile wounds.

Historically, the m anagem ent of civilian  m issile injuries has 
been inform ed by and evolved in  concer t  w ith  m ilitary prac-
t ice. Since World War II, m ilitary neurosurgeons have uniform ly 
advocated thorough debridem ent and water t ight  dural closure 
to prevent  cerebrospinal  u id (CSF) leak and possible infect ion . 
During the Vietnam  War era, craniectomy or craniotomy was 
accom panied by aggressive debridem ent of the in-driven bone, 
project ile fragm ents, and associated debris. The pursuit  of 
debris in to areas of potent ially viable brain  t issue was believed 
to be responsible for addit ional neurologic de cits and im pair-
m ent .2,3 Part ially in  response to th is  nding and as the result  
of experience gleaned from  m ult iple m ilitary con icts over the 
past  40 years, a new  m anagem ent  paradigm  has em erged. In i-
t ial t reatm ent  of project ile wounds of the brain  is now  designed 
to preserve the m axim um  cerebral t issue and funct ion  either by 
lim it ing the wound debridem ent  perform ed through a craniec-
tomy or by care of scalp wounds only.4–6 Branvold et  al found no 
relat ionship between the presence of retained fragm ents and 
the developm ent of either a seizure disorder or an  infect ion  of 
the central nervous system .7 Findings such as th is one support  
the grow ing consensus that  rout ine reoperat ion  for rem oval of 
retained fragm ents is unnecessary. The net  result  of th is st rat-
egy has been im proved outcom es w ith  signi cant ly decreased 
m orbidity and m ortalit y.
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 ◦  Craniotomy/craniectomy w ith targeted, lim ited debridem ent  
may be appropriate for a patient presenting w ith lim ited m ass 
e ect, som e in-driven bone fragm ents, som e projectile frag-
ments, and m ild to m oderate cerebral edem a. Only the easily 
accessible bone and projectile fragments should be retrieved. 
Aggressive adjacent brain debridem ent should be avoided. 
These patients do very well w ith a com bination of copious 
intraoperative antibiotic irrigation, form al dural closure, good 
scalp closure, and periprocedural broad-spectrum  antibiotics.

 ◦  Craniotomy/craniectomy w ith m ore extensive debridem ent  
is appropriate in the presence of signi cant m ass e ect. 
Space-occupying lesions should be evacuated. Debridem ent  
of necrotic brain tissue, along w ith safely accessible bone and 
missile fragments, is recomm ended.5,10,11 Deep-seated bone 
and m issile fragments—especially in eloquent areas—should 
not be retrieved because this has been shown to correlate 
w ith worse outcom es. When the projectile’s trajectory tra-
verses an air sinus, operative intervention is recom m ended to 
achieve water-tight closure of the damaged dura.1,9 This m ay 
decrease the risk of CSF  stula and abscess form ation.1,12

• No evidence-based recom m endat ions address the t im ing of 
in tervent ion . Here, pragm at ism  applies.
 ◦  If a signi cant space-occupying lesion is present , em ergent  
surgical in tervent ion  is warranted for relief of m ass e ect  
as a life-saving m easure—w ith  the recognit ion  that  it  m ay 
not change outcom e.

 ◦  If  ndings suggest ing m ass e ect  are less com pelling, it  
would be reasonable to m onitor in t racranial pressure (ICP) 
and m anage expectant ly.

 ◦  If the goal is sim ple wound care, it  would follow  that  expe-
dient  in tervent ion m ay dim inish  the risk of infect ion  and 
CSF com plicat ions.9,10

Preprocedure Considerations
General
• At tend to the ABCs of resuscitat ion  (airway, breath ing, 

circulat ion).
• Control brisk bleeding from  the scalp and associated wounds 

w ith  hem ostats or temporary staple closure, as well as a pres-
sure dressing. Large, isolated scalp wounds m ay lead to fatal 
blood loss.

• Docum ent  ent rance and exit  (if present) wounds, as well as 
the presence of pow der burns, CSF leak, and brain  herniat ion .

• Early invasive ICP m onitoring is an  opt ion w hen unable to 
follow  a serial neurologic exam , w hen the need to evacuate 
an  observed m ass lesion  is uncertain , and/or w hen im aging 
suggests increased in t racranial pressure.9 Brain  t issue oxygen 
m onitoring m ay be considered as well.

Radiographic Imaging
• Anteroposterior and lateral skull X-rays m ay provide general in-

form ation regarding the presence of radiopaque foreign bodies 
as well as entrance and exit sites. The ease w ith which multipla-
nar CT can be obtained in most settings has largely obviated the 
need for this diagnostic m odality.

• Noncontrast  CT provides the m ost com prehensive source 
of anatom ic inform at ion. CT w ill reveal the presence of 
hem atom a and foreign bodies—both  bony and m etallic—as 
well as inform at ion regarding the likely m issile t rajectory. 
The CT should be studied for potent ial violat ion  of vascular 
st ructures.

• If direct  vascular injury is suspected, em ergency vascular 
im aging m ay be appropriate.
 ◦  Im aging  ndings arousing suspicion m ay include: orbitofa-
cial or pter ional locat ion; t rajectory through a venous sinus 
or the Sylvian   ssure; the presence of fragm ents crossing 
dural compartm ents; or the presence of a large hem atom a 
proxim ate to a nam ed vessel.

 ◦  Form al cerebral angiography not  only perm its diagnost ic 
assessm ent  but also o ers the potent ial for in tervent ion .

 ◦  In  recognit ion  of expediency, CT angiography m ay be 
another opt ion  in  th is set t ing.9

 ◦  A single negat ive study does not  de n it ively rule out injury. 
The developm ent  of unexplained subarachnoid hem or-
rhage or hem atom a in  the days follow ing the in it ial injury 
m ay provide an  indicat ion  for delayed or repeat  im aging.

• Magn et ic resonance im aging (MRI) is generally con t rain -
d icated  in  th e  set t ing of a  penet rat ing inju r y w ith  m etal-
lic fore ign  body. How ever, it  shou ld  be n oted  that  m ost  
civilian  am m un it ion—par t icu larly p istol am m un it ion—is 
act ually non fer rom agnet ic and , hypothet ically, shou ld  not  
p reclude MRI evaluat ion . Cau t ion  m ust  be  exercised  w ith  
shotgun  w ounds as m any sh otgun  sh ells now  deliver  steel 
shot  (due to Environ m en tal Protect ion  Agency legislat ion  
regard ing lead  pollu t ion ). MRI m ay p lay a role  in  the  d iag-
nost ic evaluat ion  of penet rat ing inju r ies from  w ooden  or 
nonm agnet ic object s. Keep  in  m ind  that  MRI is not  p ract i-
cal in  th e  acu te  set t ing, given  th e  t im e necessar y to per-
form  the st udy as w ell as poten t ial r isks associated  w ith  
t ranspor t ing a cr it ically ill pat ien t  to an  often  “rem ote” 
area of the  hosp it al.

• Preoperative im aging (Fig. 8.1).

Medication
• Ant im icrobial prophylaxis is adm inistered. Broad-spectrum  

coverage, perhaps skewed toward skin   ora, is appropriate in  
the set t ing of gross contam inat ion of the wound.

• Ant iepilept ic drug prophylaxis is in it iated.
• A loading dose of m annitol 20% (1 g/kg) m ay be given.
• A type and cross-m atch  should be perform ed. Coagulopa-

thy often  develops in  the set t ing of penetrat ing injury due 
to increased t issue throm boplast in  act ivit y. Ensure avail-
abilit y of a range of blood products (red blood cells, fresh  
frozen plasm a, and platelets), as well as adjunct ive agents 
(aprot in in , desm opressin , recom binant factor VII, t ranexam ic 
acid, vitam in K, and prothrom bin com plex concentrates) that  
m ight  becom e necessary perioperat ively.

Operative Field Preparation
• If vascular injury is suspected, ensure that  appropriate 

supplies (m icroscope, aneurysm  clips, m icrosurgical inst ru-
m ents, blood products) are available prior to skin  incision .
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• Control bleeding from  scalp and associated wounds. Tem -
porary staple or su ture closure m ay be necessary to perm it  
preparat ion  of the  eld .

• Foreign bodies prot ruding from  the head are left  in  place dur-
ing preparat ion  of the surgical site.

• A w ide area of scalp is shaved to ensure ident i cat ion  of 
ent rance and exit  sites, to clear super cial scalp debris, and 
to allow  for a large cranial opening.

• The surgical site is prepared w ith  alcohol, followed by a 
povidone-iodine or chlorhexidine solu t ion  in  the usual sterile 
fashion. Avoid the lat ter if exposed brain  is present . A diluted 
povidone-iodine solut ion  m ay be used for the preparat ion  of 
large contam inated wounds.

• The incision  is m arked and in  lt rated  w ith  1% lidocaine 
w ith  1:100,000 epinephr ine. Avoid  areas of exposed brain  
t issue.

Fig. 8.1a–c Axial CT (a) brain and (b) bone windows demonstrating 
a comminuted bilateral frontal bone fracture, associated with a 
large left frontal intraparenchymal hematoma, in-driven bone, 
and pneumocephalus. (c) Three-dimensional reconstructed image 
demonstrates the full extent of the bony injury; note that the missile is 
actually lodged in the extracranial space, just posterior and lateral to the 
depressed fracture.

a b

c
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Operative Procedure
Positioning (Fig. 8.2)

Figure Procedural Steps Pearls

Fig. 8.2 The patient position will be dictated by the localization of the 
pathology. A donut or horseshoe head holder is used to expedite the 
procedure.

If a unilateral procedure is planned, the patient is positioned supine, 
w ith the head turned contralateral to the side of the approach. A 
shoulder roll is placed longitudinally beneath the ipsilateral shoulder.

If a bilateral procedure is planned, the patient’s head is positioned in a 
neutral, upright position.

The back of the bed is raised slightly.

•  If the cervical spine has not been cleared, 
the cervical collar should be maintained 
and the patient rotated in-line to expose 
the side of the approach.
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Incision Planning (Fig. 8.3)

Figure Procedural Steps Pearls

Fig. 8.3 A reverse question mark–type incision is traced on the scalp for a 
unilateral approach. A bicoronal incision—positioned posterior to 
the hairline—is marked for a bilateral procedure.

A no. 10 blade is used to incise the skin along the previously 
marked line. The incision is carried dow n to the level of pericranium 
superiorly and temporalis fascia inferiorly. Scalp clips are applied to 
the skin edges to facilitate hemostasis.

•  Avoid incorporating the entrance/exit  
wound into the incision, given the high 
likelihood of devitalized local soft t issue. By 
the same token, be sensitive to the position 
of the wound(s) with respect to the planned 
incision and scalp blood supply.
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Subcutaneous Dissection (Fig. 8.4)

Figure Procedural Steps Pearls

Fig. 8.4 The pericranium is opened w ith monopolar electrocautery, 
in-line w ith the scalp incision. The temporalis fascia and muscle 
are also opened w ith monopolar electrocautery. The resultant 
myocutaneous  ap is re ected forward until the keyhole and 
root of zygoma are visible. The  ap is secured with the surgeon’s 
retraction system of choice.

•  Dissection of soft tissue away from areas of 
known bony defect (i.e., entrance and exit  
sites) should be accomplished with a periosteal 
elevator rather than electrocautery.

•  In the set ting of a bicoronal approach, the 
pericranium may be elevated in a separate 
layer to provide vascularized grafting material 
later in the procedure.
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Bur Hole Placement (Fig. 8.5)

Figure Procedural Steps Pearls

Fig. 8.5 For a unilateral approach, bur holes are placed at the key hole, 
just above the root of zygoma, over the parietal eminence, 
and at a point that is just anterior to coronal suture and  1 cm 
lateral to midline.

For a bilateral approach, bur holes are placed bilaterally at 
the keyhole ; just above the root of zygoma; at the junction of 
superior temporal line and coronal suture; and at one or two 
points straddling the midline, anterior to coronal suture.

Bone wax is applied to the bony edges. A no. 3 Pen eld is used 
to strip the dural attachments from the undersurface of the 
calvarium between each set of holes.

•  If substantial bony injury is present, it  
may be feasible to remove portions of 
the involved calvarium without the use of 
power tools. In such cases, bur holes should 
be positioned to facilitate creation of a 
bone  ap that allows access to adequate 
surface area to permit control of vascular 
structures, judicious debridement, and 
dural closure.

•  Take particular care when adequate access 
requires crossing the midline. If the path 
is not readily cleared, remember that bur 
holes are cheap relative to a sinus injury.
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Craniotomy (Fig. 8.6)

Figure Procedural Steps Pearls

Fig. 8.6 The craniotome is used to create a path that circumnavigates the 
previously placed bur holes.The resulting bone  ap is carefully elevated 
away from the underlying dura and set aside in antibiotic solution.

For a bilateral approach, it may be easier to create two separate unilateral 
 aps, temporarily leaving a strip of bone along the midline. Craniotome 
cuts then can be made across the midline and the bony isthmus removed.

Venous sinus bleeding is controlled w ith a combination of gentle pressure 
and hemostatic agents.

Epidural hematoma, if present, may be evacuated at this time.

•  Direct visualization of the dural 
surface during elevation of the bone 
 ap is key, as the craniotomy site likely 
includes an area of known bony and 
dural defect.

•  If direct injury to the sinus is 
suspected, it  may be necessary to 
proceed with repair and/or ligation 
(anterior one-third only). Preoperative 
imaging should prompt appropriate 
forethought and preparation.

TH_Ullman_CH08.indd   126 3/19/15   9:05 PM



8 Surgical Debridement  of Penetrat ing Injuries

127

Dural Opening (Fig. 8.7)

Figure Procedural Steps

Fig. 8.7 By de nition, the dura is already “open.” In certain cases, it may be appropriate simply to enlarge the existing 
dural opening to permit the necessary exposure for local debridement.

If a need for broad exposure is anticipated, a cruciate or reverse C-shaped dural opening should be considered.

In the setting of a bicoronal approach, trap-door dural  aps can be re ected toward the midline sagittal sinus.
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Approach to Parenchymal Injury (Fig. 8.8a, b)

a
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Figure Procedural Steps Pearls

Fig. 8.8 Subdural hematoma, if present, should be evacuated w ith 
a combination of gentle suction and saline irrigation. 
(a) Inspect the cortical surface. Address obvious points 
of arterial or venous bleeding. There is likely obvious 
cortical disruption. This should be the portal of entry 
for debridement. Associated large intraparenchymal 
hematoma should be approached with a combination of 
gentle suction and bipolar electrocautery. Upon entry to 
the hematoma cavity, suction out any liquid clot. Remove 
solid clot in a piecemeal fashion. (b) If no signi cant 
hematoma is present, super cial, necrotic brain tissue 
should be debrided w ith gentle suction and irrigation. 
Readily accessible missile  and bone fragments should be 
retrieved. Continue until gliotic brain is visible on all sides. 
Hemostasis should be achieved with a combination of 
bipolar electrocautery and hemostatic agents.

•  Principles of debridement for penetrating injuries 
encompass techniques previously discussed for 
evacuation of subdural hematoma (Chapter 1) 
and cerebral contusions (Chapter 3). Management 
of venous sinus injury is discussed in Chapter 10. 
Techniques for frontal sinus reconstruction are 
discussed in Chapter 27. Please refer to these sections 
for more detailed nuances of management.

•  A hand-held malleable retractor, introduced over a 
saline-moistened 1 3  3 cm cot ton pat tie may assist 
visualization.

•  No at tempt should be made to follow missile trajectory 
to deep subcortical structures.

•  Always maintain awareness of position relative to the 
lateral ventricles. Avoid entry to the ventricle, if feasible.

b
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Duraplasty (Fig. 8.9)

Figure Procedural Steps Pearls

Fig. 8.9 Once debridement of devitalized brain tissue is complete, assess 
the extent of the dural defect.

For a unilateral approach, a piece of pericranium may be harvested 
to bridge the defect. The graft is incorporated circumferentially 
w ith 4-0 braided nylon sutures.

For a bicoronal approach, the previously harvested vascularized 
pericranial graft may be  apped over the exenterated frontal sinus 
and secured with 4-0 braided nylon suture, augmented by  brin glue.

•  It  is important to determine the relationship 
of the defect to adjacent air sinuses.

•  If no viable pericranium is available, 
temporalis fascia, fascia lata, or synthetic dural 
substitute may be prepared for this purpose.
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Closing
• The surgical site is ir r igated w ith  ant ibiot ic solu t ion .
• The decision of w hether to replace the bone  ap at  the con-

clusion  of the procedure is based both  on the degree of brain  
swelling present  and w hether the bone  ap can  be salvaged. 
In  som e cases, the bone  ap is too com m inuted or too grossly 
contam inated to perm it  re-im plantat ion .

• The soft  t issue elem ents (m uscle and scalp) m ust be inspect-
ed at  sites of ent ry and exit . Sharp local debridem ent  back to 
viable t issue m ay be necessary. Irr igate w ith  copious am ounts 
of ant ibiot ic solut ion  prior to single-layer reapproxim at ion 
w ith  3-0 nylon in terrupted st itches. The part icipat ion  of a 
plast ic surgery colleague m ay be appropriate if extensive soft  
t issue injury is present  and challenges to achieving su cient  
surface area coverage are ant icipated.

• A Jackson-Prat t  drain  is laid in  the subgaleal space prior to 
closure.

• The temporalis m uscle and fascia are re-approxim ated w ith  
0 braided absorbable sutures.

• The galea and subcutaneous t issue are reapproxim ated w ith  
2-0 braided absorbable sutures.

• The skin  is closed w ith  staples. A running-locking 3-0 nylon 
st itch  m ay assist  hem ostasis if coagulopathy is present  or bol-
ster the closure if substant ial swelling is present .

Postoperative Management
Monitoring
• Pat ients should be m onitored in  the in tensive care unit  set-

t ing follow ing operat ive in tervent ion.
• The use of invasive neurologic m onitors (in t raparenchym al 

or in t raventricular) is appropriate for pat ients in  w hom  
serial neurologic exam  is not  feasible and/or w hose GCS 
rem ains   8.

• The output of subgaleal and/or subdural drains—if present—
should be m onitored. Drain  rem oval m ay be considered w hen 

outputs becom e m inim al and/or ser ial im aging dem onstrates 
resolut ion  of the targeted collect ion .

• Monitor for clin ical evidence of CSF otorrhea or rh inorrhea.

Medication
• The opt im al prophylact ic ant im icrobial regim en and durat ion  

of therapy rem ain  a m at ter of debate. There is the suggest ion  
that  broad-spect rum  coverage should probably cont inue for 
a period that  is som ew hat  longer than standard prophylaxis 
for a clean, elect ive procedure. The authors cont inue broad-
spect rum  coverage for 3 to 5 days post-injury.9

• Ant iepilept ic drug prophylaxis is cont inued for a total of 
7 days post-injury.

Radiographic Imaging
• Im m ediate postoperat ive CT allows for assessm ent of residual 

or new  hem atom a, extent  of foreign body debridem ent , and 
edem a pat tern . Once stabilit y of any evolving hem atom a has 
been established, CT im aging should be repeated only for sig-
ni cant  changes in  neurologic status.

• The persistence or delayed developm ent  of pneum ocephalus 
beyond the im m ediate postoperat ive period—in the absence 
of an  overt  CSF leak—should prompt a search for an  occult  
point  of egress.

• The presence of new  subarachnoid hem orrhage or hem atom a 
in  the area of a nam ed vessel should prompt vascular im ag-
ing. Likew ise, repeat  vascular im aging at  an  in terval of several 
days is appropriate for any pat ient  w ho underwent such im -
aging at  presentat ion—w ith  a negat ive result—on the basis of 
suspicious CT  ndings.

• Postoperative im aging (Fig. 8.10).

Further Management
• Invasive neurom onitoring devices are rem oved w hen neuro-

logic status dictates.
• Skin  sutures or staples are rem oved at  an  in terval of 10 to 

14 days.

Fig. 8.10a–c Axial CT (a) brain and (b) bone windows demonstrating evacuation of the frontal hematoma and accessible foreign body fragments. 
A bony defect remains. (c) CT obtained approximately 3 months later (at the time of cranioplasty) demonstrates expected frontal encephalomalacia.

ca b
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Special Considerations
• CSF leak

 ◦  The incidence of CSF leak follow ing m issile injury  approached 
28% in one large series.13

 ◦  This com plicat ion  results from  direct  violat ion  of the 
dura—by project ile or bony fragm ents—along w ith  failure 
to seal the defect  by norm al t issue healing processes.

 ◦  CSF drainage occurs along the path  of least  resistance—
from  ent rance or exit  wounds or from  the ear or nose in  
the set t ing of air sinus violat ion .

 ◦  The m ost  feared com plicat ion  of CSF leak is infect ion—
m eningit is and/or abscess.1,12,14

 ◦  Every e ort  should be m ade to at tain  a water-t ight  closure 
of the dura at  the t im e of in it ial surgical debridem ent .1,9 
Pr im ary suture closure m ay be feasible. Som et im es, aug-
m entat ion  w ith  a pericranial graft  or synthet ic m aterial is 
necessary. In  other cases, the leak occurs along the skull 
base, w here “closure” is not  necessarily feasible. A m ult i-
layer wound closure w ill bolster the repair.

 ◦  CSF leak m ay be a delayed phenom enon. In it ial brain  swell-
ing m ay tam ponade a site of potent ial egress. The leak m ay 
only becom e evident  as swelling subsides several days after 
the injury.

 ◦  If a CSF leak develops, in it ial m anagem ent m ay consist  of 
temporary diversion  via ventriculostomy or lum bar drain  
(if not  contraindicated). The head of the bed should be ele-
vated. Many leaks w ill resolve spontaneously w ith  conser-
vat ive m easures. If the leak is refractory to CSF diversion, 
surgical repair is recom m ended.9

 ◦  If the point  of egress is not  obvious by im aging, a CT sinus 
m etrizam ide study m ay assist  localizat ion . Low -dose in t ra-
thecal  uorescein  (less than or equal to 50 m g) m ay provide 
an  adjunct  at  the t im e of endoscopic explorat ion .

• Infect ious com plicat ions
 ◦  The rate of infect ion  follow ing penet rat ing brain  injury is 
lower in  the civilian  than m ilitary populat ion  and appears 
to vary directly w ith  the use of broad-spectrum  ant ibiot ics 
in  the early m anagem ent of these pat ients.9

 ◦  Risk factors for infect ion  include CSF leak, wound dehis-
cence, violat ion  of an  air sinus, t ransvent ricular t rajectory, 
and/or injury crossing m idline.15 Retained m issile and bone 
fragm ents dem onst rate a less conclusive relat ionship to the 
developm ent of infect ion .

 ◦  Most  infect ions occur relat ively early in  the post-injury 
period. In  one study, 55% occurred w ith in  3 weeks and 90% 
w ith  6 weeks; rarely, a delay in  onset  of several years m ay 
be observed.16

 ◦  There exists great  variabilit y in  pract ice around the issue 
of ant im icrobial prophylaxis in  the set t ing of penetrat ing 
injury. The current Penetrat ing Brain  Injury guidelines 
m ake the argum ent  that  if extensive Class I and Class II 
data suppor t  the use of prophylaxis in  the set t ing of clean 
procedures, it  would be reasonable to provide broader cov-
erage of longer durat ion  in  the set t ing of a know n open, 
contam inated wound. However, no data conclusively sup-
port  a speci c regim en or durat ion .9

 ◦ Staphylococcus is isolated m ost com m only; however, a w ide 
range of gram -negative and anaerobic organism s have also 

been implicated as causative agents—bolstering the argument  
for broad-spectrum coverage at the outset. Once an infectious 
process has been identi ed, antibiotic therapy m ust be tai-
lored to culture and susceptibility data. Surgical debridem ent 
may be indicated in the setting of brain abscess or empyem a. 
Please see Chapter 20 for further discussion regarding the sur-
gical m anagem ent of intracranial infection.
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 ◦ Speci c segm ents of the carot id and ver tebral ar teries are 
m ore vulnerable to dissect ion  than others:

 ▪ Carot id: the distal cervical in ternal carot id ar tery (ICA), 
w here the ICA is st retched over the lateral m asses of the 
cervical spine, is at  r isk. Injury t ypically results from  hy-
perextension and rotat ion  to the contralateral side.
 ▪ Vertebral: the V2 and V3 segm ents, as the vessel t ravels 
through the t ransverse foram ina of C6 to C2 and around 
the lateral m ass of C1, are at  r isk. V2 segm ent injuries 
t ypically have an  associated cervical spine injury, w here-
as injury to V3 or V4 segm ents m ay occur in  isolat ion .

•  Tr a um a t ic a neur ysm  (t ype III in ju r ies)
 ◦ This results from  disrupt ion of the in ternal elast ic lam ina, 
w hich  weakens the vessel wall and leads to expansion of 
the advent it ia.

 ◦ The term  pseudoaneurysm  implies a complete disrupt ion 
of all layers. However, dissect ing aneurysm s m ay contain  
a com plete ar tery wall. So, the term  t raum at ic aneurysm  is 
m ore appropriate.

 ◦ Traum at ic aneurysm s of the carot id ar tery t ypically occur 
in  the m id- or upper cervical ICA and account for 15 to 44% 
of TCVIs. A port ion  (7.6%) of carot id injuries that  in it ially 
consist  only of lum inal irregular it y later develop in to t rau-
m at ic aneurysm s.5

 ◦ Traum at ic aneurysm  accounts for only 4.8% of vertebral ar-
tery TCVIs.

 ◦ Unlike spontaneous dissect ing aneurysm s, t raum at ic aneu-
rysm s tend to persist  and often  enlarge over t im e.6

•  Occlu sion  (t ype IV in ju r ies)
 ◦ Traum at ic vascular occlusion m ay occur at  the t im e of the 
injury or m ay arise in  a delayed fashion as the result  of 
throm bus form at ion at  the site of an  ar terial dissect ion .

Introduction
All t raum at ic cerebrovascular injur ies (TCVI) involve either 
par t ial or com plete d isrupt ion  of the vessel wall. Traum at ic 
ar ter ial cerebrovascu lar injur ies const it u te a con t inuous 
spect rum  of d isease, ranging from  m in im al d isrupt ion  of 
the in t im a to occlusion  or t ransect ion  of the ar tery. TCVI can 
also lead  to the form at ion  of ar ter iovenous  st u las and  an -
eurysm s. These injur ies can  be classi ed  according to loca-
t ion  (ext racran ial or in t racran ial) and by m echan ism  (blun t 
or penet rat ing).

Th is ch apter  is d ivided  in to fou r  categor ies based  on  loca-
t ion  an d  m ech an ism . Th e au th ors p resen t  a lgor ith m s based 
on  ou r  p refer red  t reat m en t  st rategy for  m ost  cases at  ou r 
in st it u t ion .

Indications
Extracranial Blunt Injury
• TCVI occurs in  about 1% of all blunt t raum a pat ients.1 Carot id  

injury occurs in  0.1 to 1.55% of blunt t raum a pat ients. Verte-
bral injury occurs in  0.2 to 0.77% of t raum a pat ients.

• Motor vehicle collisions account  for 41 to 70% of cases.2 Other 
m echanism s of injury include assault , pedest rian  versus ve-
hicle, and hanging.

• The injury m ay result  from  a direct  vascular blow, ext rem e 
hyperextension/rotat ion , or lacerat ion  by bony fragm ents.
 ◦ Independent  r isk factors for carot id ar tery injury include: 
closed head injury (w ith  Glasgow  Com a Scale [GCS] score 
  6), pet rous bone fracture, di use axonal injury, and 
LeFort  II or III fracture.

 ◦ Cervical spine injury—C1, 2, or 3 fracture; t ransverse fora-
m en fracture; or subluxat ion—is an  independent  r isk factor 
for vertebral ar tery injury.

• The m ost com m only used classi cat ion  system  divides TCVI 
in to  ve t ypes (Table 9.1).3,4

•  Ar ter ia l dissect ion  (t ype I a nd II in ju r ies)
 ◦ Results from  rapid decelerat ion  of the body w ith  subse-
quent st retching of the involved vessel.

 ◦ Two m echanism s have been proposed (Figs. 9.1  and 9.2): 
(1) in t ram ural hem atom a form at ion  between layers of 
the ar tery wall; and (2) an  in t im al tear leading to exposed 
subendothelial collagen, in it iat ing platelet  aggregat ion  and 
leading to throm bus form at ion.

Table 9.1 Classi cation of blunt traumatic cerebrovascular injury

Type Description

I Luminal irregularity or dissection; ,  25% stenosis

II Raised intimal  ap or dissection; .  25% stenosis

III Traumatic aneurysm

IV Complete occlusion

V Transection and/or development of arteriovenous  stula

Source: Bi  WL, Moore EE, O ner PJ, et  al. Blunt carotid arterial injuries: 
implications of a new grading scale. J Trauma 1999;47(5):845–853; Bi  
WL, Moore EE, Elliot t  JP, et al. The devastating potential of blunt vertebral 
arterial injuries. Ann Surg 2000;231(5):672–681.
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• Carot id  ar tery injury due to penet rat ing neck t raum a re-
su lt s in  vessel occlusion  in  36% of cases and  t raum at ic 
 aneur ysm  form at ion  in  33% of cases.9 As com pared  w ith  
blun t  ext racran ial carot id  inju ry, the  rate  of ischem ic st roke 
w ith  a penet rat ing inju ry is lower, bu t  the m or talit y rate  is 
h igher.10

• Penetrat ing extracranial injuries can  be classi ed by t ype:
 ◦  Ar ter ia l la cer a t ion
 ◦  Dissect ion
 ◦  Occlu sion
 ◦  Aneur ysm
 ◦  Ar ter ioven ou s f st u la . Fistu las m ay be either carot id-cav-
ernous (d iscussed in  the blun t  in t racran ial injury sect ion) 
or ver tebral-venous in  nature. The lat ter m ay presen t  as 
t inn itus, cervical radicu lopathy, hear t  failu re, hem or-
rhage, steal, in t racran ial venous hyper tension , or em bolic 
st roke. Slow - ow   stu las m ay be followed expectan t ly 
w ith  ser ial angiography every 12 m onths in  asym ptom -
at ic and otherw ise clin ically stable pat ien t s. High- ow  
 stu las m ay cause brainstem  or sp inal cord  sym ptom s 
due to pressure from  ar ter ializat ion  of the cervical venous 
p lexus. Poster ior circulat ion  ischem ia m ay resu lt  from  di-
version  of  ow.

• Physical exam inat ion  is the m ost  im portant part  of the di-
agnost ic evaluat ion  for penetrat ing cervical vascular injury 
(see box below ).
 ◦ If physical signs of vascular injury are present , there is a 
90% chance of a m ajor ar ter ial or venous injury.11

 ◦ In  the absence of physical signs, the risk of m ajor vascular 
injury falls to 0.9%.11

Physical Findings
Physical  ndings of penetrating, extracranial cerebrovascular 
injury

 ◦ Active bleeding
 ◦ Hem atom a
 ◦ Thrill or bruit
 ◦ Absence of carot id pulse
 ◦ Neurologic de cit

Intracranial Blunt Injury
• Data regarding the overall incidence of blunt  in t racranial 

TCVIs is lacking. Such injuries are substant ially less com m on 
than blunt  ext racranial injuries.

• GCS score ,  8 and the presence of facial fractures are inde-
pendent r isk factors for blunt  in t racranial ar terial injury.12

• Blunt in t racranial injuries m ay be classi ed by type:
 ◦  Dissect ion

 ▪ May be associated w ith  t r ivial t raum a or blunt injury in  
closed head t raum a, as well as penetrat ing injury.
 ▪ The m ost  com m on a ected sites are the supraclinoid ICA 
and the in t radural por t ion  of the ver tebral ar tery.
 ▪ In t racranial dissect ion  m ay be associated w ith  underly-
ing vascular abnorm alit y of the cerebral ar teries, includ-
ing  broelast ic th ickening and congenital de ciency 
w ith  disrupt ion of the in ternal elast ic lam ina. Associated 
condit ions that  m ay predispose one to dissect ion  in  the 

 ◦ Occlusion is m uch less com m on than ar terial dissect ion .
 ◦ Pat ien t s m ay presen t  w ith  sym ptom s of ischem ic st roke 
or rem ain  asym ptom at ic if good collateral circu lat ion  
exist s.

•  Ar ter iovenous f st u la s (t ype V in ju r ies)
 ◦ Present w ith  t innitus, cervical radiculopathy, heart  failure, 
hem orrhage, steal, in t racranial venous hypertension, or 
em bolic st roke.

• Type I traum atic cerebrovascular injury (Fig. 9.1).
• Type II traum atic cerebrovascular injury (Fig. 9.2).

Extracranial Penetrating Injury
• Penetrat ing neck t raum a is accom panied by vascular injury 

in  20% of pat ients.7

• Sevent y- ve percen t  of these vascular injuries are at-
t r ibutable to stabbing. Gunshot  wounds account  for the 
rem ainder.8

• The venous system  is m ore com m only a ected but less likely 
to require t reatm ent .

Fig 9.1 Type I traumatic cerebrovascular injury. A mid-cervical internal 
carotid artery intramural hematoma (arrow) causing ,  25% reduction in 
luminal diameter.
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Fig. 9.2a, b Type II traumatic cerebrovascular injury, two examples: (a) focal dissection, likely an intimal  ap, with thrombus (arrow) and (b) di use 
injury, likely an intramural hematoma (arrows).

a b

set t ing of blunt  injury include  brom uscular hyperpla-
sia, cyst ic m edial degenerat ion , Marfan  syndrom e, ho-
m ocyst inuria, and syphilis.
 ▪ Pat ients m ay present  w ith  unilateral headache, 
 cranial nerve palsy (from  m echanical compression or 
 neurapraxia from  the expanded ar tery or t ransient  im -
pairm ent of blood supply), Horner’s syndrom e, and/or 
focal cerebral ischem ia.

 ◦  Aneu r ysm
 ▪ Traum at ic aneurysm s account for ,  1% of all in t racranial 
aneurysm s in  adults, but  com prise about one-th ird of 
pediat r ic aneurysm s.13

 ▪ Aneurysm s in  th is set t ing result  from  rapid decelerat ion , 
w hich causes sudden brain  m ovem ent and ar terial wall 
injury from  stat ionary st ructures such as the skull base 
or falx cerebri.
 ▪ Per icallosal branch  (an ter ior  com m unicat ing ar te r y 
[ACA]) an eur ysm s, resu lt ing from  collision  bet w een 
the  ar ter y an d  th e  edge of th e  falx, are  m ost  com m on .
 ▪ Basilar ar tery and pet rocavernous segm ent aneurysm s 
often  are associated w ith  skull base fractures.

 ◦  Ar ter iovenous f st u la
 ▪ Arteriovenous  stulas—arising from  either the carot id 
or ver tebral circulat ion—are present in  4% of all pat ients 
w ith  blunt TCVI.14

 ▪ The m ost com m on in t racranial t raum at ic  stula is a di-
rect  carot id-cavernous  stula (CCF).
 ▪ Sevent y- ve percent of direct  CCFs occur secondary to 
t raum a.

 ▫ Most are associated w ith  facial or skull base fractures.
 ▫ Iat rogenic injury—due to t ranssphenoidal surgery, skull 
base surgery, or percutaneous lesioning of the t r igem i-
nal ganglion—also accounts for a signi cant num ber of 
t raum at ic  stulas.

 ▪ Pat ients t ypically present w ith  cavernous sinus syn-
drom e (see box on next page).
 ▪ Indicat ions for urgent  t reatm ent include:

 ▫ Increased in t racranial pressure or the presence of cere-
bral cort ical venous hypertension
 ▫ Progressive visual de cit
 ▫ Increased in t raocular pressure
 ▫ Worsening proptosis
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cerebral ar tery (MCA) (as opposed to in t racranial aneurysm s 
due to blunt  t raum a, w hich are m ost often  ident i ed on 
branches of the ACA).

• Factors that  should raise suspicion for a t raum at ic aneurysm  
include:
 ◦ Missile or bone fragm ents close to the skull base
 ◦ Large hem atom a at  the m issile ent rance wound

• Though aneurysm s occurr ing secondary to t raum a are be-
lieved to carry a h igh risk of rupture, one study found that  
19.4% of these lesions healed spontaneously and shrank or 
disappeared altogether on  subsequent angiogram s.18

Preprocedure Considerations
Radiographic Imaging
Extracranial Blunt Injury
• A screening computed tom ography angiogram  (CTA) or m ag-

net ic resonance angiogram  (MRA) should be perform ed for any 
patient w ith risk factors for TCVI and/or any unexplained neu-
rologic de cit  (Fig. 9.3). In the set t ing of TCVI, CTA m ay reveal:
 ◦ Eccentric vessel lum en com bined w ith  m ural th ickening
 ◦ Stenosis

Traum atic Cavernous Fistula
Traumatic cavernous  stula symptoms and physical  ndings

 ◦ Painful exophthalm ia
 ◦ Pulsat ing conjunct ival hyperem ia
 ◦ Ophthalm oplegia
 ◦ Vascular m urm ur
 ◦ Elevated in t raocular pressure
 ◦ Loss of vision  (due to venous congest ion)

Intracranial Penetrating Injury
• Penetrat ing in t racranial injury m ay result  in  dissect ion , oc-

clusion , t raum at ic aneurysm , or ar teriovenous  stula. All 
have been discussed previously. However, the form at ion of 
t raum at ic in t racranial aneurysm s secondary to penet rat ing 
injury warrants fur ther considerat ion .

• Traum at ic in t racranial aneurysm s can result  from  direct  in -
jury by m issile, bullet , or bone fragm ents. Aneurysm s are 
present  in :
 ◦ 2.7% of pat ients w ith  m issile injuries to the head.16

 ◦ 12% of pat ients w ith  stab wounds to the head.17

• Aneurysm s m ay appear as soon as 2 hours after the injury 
and are m ost  com m only found along branches of the m iddle 

Fig. 9.3a–d Patterns of injury in blunt, extracranial traumatic cerebrovascular injury. Common types of injury include: (a) intimal tear, 
(b) intimal tear with associated thrombosis, (c) dissecting aneurysm formation due to disruption of the internal elastic lamina and bulging of the 
adventitia, and (d) intramural hematoma.

a b c d
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• MRI and MRA are useful in  cases of a wooden foreign body 
injury, as it  is di cult  to visualize wooden m aterial on  a CT.

• Repeat , delayed angiography should be perform ed 3 to 
6 m onths later for pat ients in  w hom  an ar teriovenous  stu la 
is suspected.

Management
Extracranial Blunt Injury (Fig. 9.4)
• The cornerstones of m anagem ent for ext racranial blunt 

TCVI are ant ithrom bot ic therapy (to m inim ize throm boem -
bolic com plicat ions), follow -up im aging, and select ive use of 
endovascular techniques.

• Medica l m a na gem ent
 ◦ Anticoagulation with intravenous heparin, followed by war-
farin, has been common practice. However, hemorrhagic 
complication rates range from 8 to 16%19 and a signi cant pro-
portion (30–36%) of patients w ith this type of injury are not 
candidates for systemic anticoagulation due to concomitant  
injuries.

 ◦ Ant iplatelet  therapy o ers a m ore favorable r isk pro le and 
m ay be equivalent to or superior to ant icoagulat ion  w ith  
respect  to neurologic outcom es.20 The authors prefer single 
agent  ant iplatelet  therapy in  the form  of aspirin  325 m g 
per day.

 ◦ Repeat noninvasive im aging, preferably CTA, should be 
under taken in  6 m onths.

• Endova scu la r  m a na gem ent
 ◦ Dissect ion

 ▪ Dissect ions require t reatm ent (usually stent ing) if there 
are new  neurologic de cits or other sym ptom s despite 
ant iplatelet  therapy.
 ▪ Stent ing requires dual ant iplatelet  therapy for a period of 
approxim ately 1 m onth; th is m ay prove problem at ic for 
polyt raum a pat ients.

 ◦ Traum at ic aneurysm
 ▪ Endovascular t reatm ent is indicated if the pat ient  is 
sym ptom at ic despite ant iplatelet  therapy or if the 
aneurysm  is found to enlarge signi cant ly on  follow -up 
im aging. Follow -up im aging should be perform ed after 
6 m onths (see Fig. 9.5).
 ▪ A covered stent  m ay be appropriate if the t raum at ic 
aneurysm  occurs in  a port ion  of the vessel devoid of 
important  branches.
 ▪ Coil em bolizat ion  of t raum at ic aneurysm s should be 
avoided w henever possible as the wall of the aneurysm  
m aybe either ext rem ely fragile or consist  ent irely of 
throm bo- brous t issue. Coils w ith in  t raum at ic aneu-
rysm s m ay be prone to m igrate through the wall of the 
aneurysm .

 ◦ Occlusion
 ▪ Vessel occlusion  sh ou ld  be approached  in  a sim ilar 
m an ner to acu te  ischem ic st roke. Sym ptom at ic ar ter ial 
occlusions shou ld  un dergo recanalizat ion  w hen  fea-
sible  and  appropr iate. Pat ien t s w ith  asym ptom at ic oc-
clusions m ay do w ell w ith  conser vat ive  m an agem en t  
(see  Fig. 9 .6).

 ◦ Occlusion
 ◦ Dissect ing aneurysm
 ◦ Mural th ickening

• Cerebral angiography is indicated w hen necessary for clar i-
 cat ion  of the diagnosis or w hen endovascular t reatm ent  is 
planned. In  the set t ing of TCVI, angiography m ay reveal:
 ◦ Eccent ric, sm ooth , or tapered stenosis
 ◦ In t im al  ap and associated false lum en
 ◦ Tapered stenosis proxim al to a dissect ing aneurysm  (“st r ing 
and pearl” sign)

 ◦ Flam e-shaped occlusion
 ◦ Dissect ing aneurysm
 ◦ In t ralum inal throm bus

Extracranial Penetrating Injury
• CTA or MRA is the  rst-line im aging m odality at  our inst itut ion.
• Angiography is reserved for cases in  w hich  the CTA re-

su lt s are equ ivocal or w hen  endovascular t reatm en t  is 
 an t icipated .

• Angiography is also indicated if there is a retained m etallic 
foreign object  that  m ight  obscure in terpretat ion  of CTA or 
MRA due to ar t ifact .

Intracranial Blunt Injury
• Dissect ion

 ◦ All pat ients suspected of having an  in t racranial  dissect ion  
should undergo a CTA or MRA as a  rst -line im aging m o-
dalit y. However, if a dissect ion  is st rongly suspected, con -
vent ional angiography rem ains the gold standard.

• Aneu r ysm
 ◦ CTA is the recom m ended screening m odalit y. However, 
t raum at ic aneurysm s are often  located distally and can be 
dangerous even w hen ,  3 m m . These two features render 
CTA less reliable.

 ◦ Angiography is recom m ended for all pat ients in  w hom  a 
t raum at ic aneurysm  is suspected.

• Ar ter iovenous f st u la
 ◦ Angiography is the gold standard to im age ar teriovenous 
 stulas.

 ▪ An early- lling vein  m ay be a pathognom onic sign .
 ▪ Assess for access to the lesion by looking at  the direct ion  
of  ow  w ith in  each of the venous st ructures.
 ▪ For CCFs, assess the presence of the superior ophthalm ic 
vein  as a possible access point  for t reatm ent .

 ◦ CTA and MRA are stat ic studies. Early venous  lling often  
is not  visualized as the t im ing of the contrast  bolus m ay 
a ect  t im ing of the  lling of the veins.

Intracranial Penetrating Injury
• A screening CTA or MRA (unless contraindicated) should be 

perform ed for any pat ient  present ing w ith  penetrat ing head 
injury.

• Metallic foreign bodies m ay com prom ise CT im ages second-
ary to scat ter ar t ifact . They m ay also render an  MRA im pos-
sible. In  th is case, an  angiogram  m ay be necessary prior to 
rem oval of the foreign object .
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• A few elem ents of m anagem ent are com m on to all such injuries:
 ◦ Asser t ive m anual com pression should be used to control 
bleeding in it ially.

 ◦ The airway m ust be secured, preferably by endotracheal 
in tubat ion . If endot racheal in tubat ion  is not  feasible, 
cricothyrotomy is the next best  opt ion  for airway control. 
Nasotracheal in tubat ion  should be avoided w hen possible 
because of the possibilit y of cranial or nasopharyngeal 
injury due to the penet rat ing injury.

 ◦  Endova scu la r  Tr ea t m en t
 ▪ Endovascular t reatm ent  m ay be preferable for pat ients 
w ith  Zone I and III injuries due to the di culty of surgi-
cal access to these areas (see Fig. 9.9).
 ▪ Covered stent  placem ent m ay be e ect ive for carot id lac-
erat ions, provided the lesion  can be crossed.
 ▪ Endovascular ar terial occlusion m ay be indicated. Se-
lect ive occlusion of external carot id branches is usually 
st raightforward. In  som e situat ions, occlusion of the in-
ternal carot id or vertebral ar tery m ay be necessary to 
control bleeding. Angiographic assessm ent  of collateral 
circulat ion  to the a ected brain  terr itory can help de-
term ine the r isk of resultant  cerebral ischem ia. Sacri ce 
of an  ar tery should include occlusion of the vessel both  
proxim al and distal to the injury, if possible, to m inim ize 
the chance of ret rograde bleeding through the distal seg-
m ent  of the a ected ar tery.

 ▪ Reperfusion techniques, including m echanical throm -
bectomy and at tem pted recanalizat ion , should be 
considered if the t im e from  symptom  onset  is less than 
8 hours and noninvasive im aging m odalit ies (such as CT 
perfusion or MR perfusion) suggest  a reversible ischem ic 
penum bra. Reperfusion techniques in  such cases m ay in -
clude em ergent  stent  placem ent  or  throm bectomy.
 ▪ Stent ing in  the acute set t ing requires loading w ith  two 
ant iplatelet  agents (e.g., aspirin  and clopidogrel) at  least  
3 hours pr ior to the procedure. An alternat ive would 
be to t reat  the pat ient  w ith  an  in t ravenous GPIIB/IIIA 
inhibitor—to perm it  stent ing im m ediately—and proceed 
w ith  ant iplatelet  agent loading later. The use of these 
agents in  any pat ient  w ith  polyt raum a should be consid-
ered carefully because of bleeding risks and the potent ial 
need for other invasive in tervent ions.

Extracranial Penetrating Injury 
(Fig. 9.7)
• The choice of an  open surgical or endovascular approach for 

the m anagem ent  of penet rat ing neck injuries is based on the 
locat ion  of the injury (see Fig. 9.8). The surgical approach for 
penetrat ing vascular injuries w ill be described in  m ore detail 
(see Operat ive Procedure, p . 145).

Suspected blunt
extracranial TCVI

No evidence of
vascular injury

Evidence of
vascular injury

Dissect ion  Occlusion

Asym ptom at ic  Sym ptom at ic
Ant iplatelet

Agent
Ant iplatelet

Agent

Ant iplatelet
Agent

Neurologic
observat ion  and
repeat CTA in  6

m onths

Neurologic
observat ion  and
repeat CTA in  6

m onths
<8 hours  >8 hours

Neurologic
observat ion and
repeat CTA in  6

m onths
At tem pt

recanalizat ion  if CT
Perfusion shows

reversible ischem ia

At tem pt
endovascular
recanalizat ion

Support ive care
no reversible

ischem ia

Unexplained
neurologic
deficit  or

h igh suspicion

Consider
endovascular

t reatm ent

Traum at ic
Aneurysm

CT
Perfusion

New  Traum at ic
Aneurysm

New
neurologic

deficit

If unchanged,
cont inue

ant iplatelet  agent

DSA

DSA

If stable
cont inue

ant iplatelet
agent

If enlarging
or new

neurologic
deficit

If resolved,
d/c

ant iplatelet
agent

If resolved, d/c
ant iplatelet  agent

CTA

Fig. 9.4 Algorithm for the management of blunt, extracranial traumatic cerebrovascular injury. DSA, digital subtraction angiography; CTA, 
CT angiography; d/c, discontinue.
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a b
Fig. 9.5a, b Traumatic dissecting aneurysm (type III traumatic cerebrovascular injury). Patient with an asymptomatic cervical ICA dissecting 
aneurysm identi ed on screening CTA. Because signi cant enlargement was noted on follow-up surveillance imaging, it  was treated with a covered 
stent. Angiograms (a) pre- and (b) post-stenting.

Fig. 9.6 Arterial occlusion (type IV traumatic cerebrovascular 
injury). Patient with asymptomatic complete occlusion of the ICA 
secondary to blunt trauma. The patient was managed conservatively 
and did not experience neurologic problems at tributable to the 
occlusion.
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Fig. 9.8 Zones of the neck. Anatomic zones of the neck. Zone I: clavicle to the cricoid cartilage. Zone II: cricoid cartilage to the angle of the 
mandible. Zone III: angle of the mandible to the base of skull.

Fig. 9.9a, b Arterial dissection due to penetrating neck trauma. Patient with a knife wound to the distal cervical ICA (Zone III). The injury was 
initially controlled by placement of a Foley balloon catheter in the wound to stop the bleeding. Angiography showed complete transection of the 
vessel (a, arrow). The patient was treated with endovascular sacri ce of the ICA (b).

a b
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Fig. 9.10 Algorithm for the management of blunt intracranial cerebrovascular injury. MRP, magnetic resonance perfusion.
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m onths
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Asym ptom at ic Sym ptom at ic
If yes, DSA

If no, no fur ther
workup

Intracranial Blunt Injury (Fig. 9.10)
• Injury type dictates the m anagement of blunt intracranial TCVIs.
• Dissect ion

 ◦ Hem orrhagic and sym ptom at ic  ow-lim it ing dissect ions 
can be t reated w ith  endovascular occlusion and/or stent ing.

 ◦ Clinically silent  in t racranial dissect ions should be m oni-
tored w ith  surveillance im aging every 6 m onths to assess 
for the delayed developm ent  of dissect ing aneurysm s.

• Aneu r ysm
 ◦ Conservative m anagem ent (i.e., no intervention) is associated 
w ith a m ortality rate as high as 50%.14 Therefore, all t raum atic 
intracranial aneurysm s should be treated w hen possible.

 ◦ Open surgical clipping w ith  evacuat ion  of associated hem a-
tom a often  involves sacri ce of the parent vessel.

 ◦ Coil em bolizat ion  of t raum at ic aneurysm s m ay be per-
form ed in  a sim ilar m anner to the t reatm ent of spontaneous 
aneurysm s; however, the form er often  involves sacri ce of 
the parent  vessel.

•  Ar ter iovenous f st u la
 ◦ Open surgical packing of the cavernous sinus is an  opt ion  
for pat ients w ho require craniotomy for other reasons re-
lated to the t raum a.

 ◦ Endovascular t reatm ent depends on the  ow  state of the 
 stula. A four-vessel cerebral angiogram  (to assess collateral 
circulat ion) and balloon test  occlusion are prudent in  case 
therapeut ic occlusion of the a ected carot id  ar tery be-
com es necessary.

 ▪ Low - ow  t raum at ic  stulas m ay be t reated w ith  coil or 
liquid em bolic em bolizat ion .
 ▪ High- ow  lesions m ay require a covered stent  plus coil-
ing and liquid em bolic em bolizat ion , or carot id occlu-
sion . A pitfall of using coil em bolizat ion  alone to t reat  
h igh- ow   stulas is that  the coils m ay m igrate around 
the cavernous sinus, result ing in  recurrence of the  stula 
(Fig. 9.11).

Intracranial Penetrating Injury 
(Fig. 9.12)
• Convent ional t reatm ent  of in t racranial aneurysm s due to 

penet rat ing t raum a is by craniotomy and clipping or t rap -
ping. Endovascular t reatm ent is an  opt ion , though global ex-
perience, to date, is lim ited.
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Fig. 9.11a, b Intracranial blunt injury, dissection. (a) Patient with an intradural vertebral artery dissection (arrow) due to blunt trauma. The 
dissection caused a cerebellar hemorrhage. (b) The lesion was treated with endovascular occlusion.

a b

Fig. 9.12 Algorithm for the management of penetrating intracranial cerebrovascular injury.
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ba
Fig. 9.13a, b Penetrating intracranial injury. (a) Patient with a knife wound to the left temporal area. (b) The blade penetrated the squamous 
portion of the temporal bone. The tip was buried in the petrous bone (arrow), adjacent to the carotid canal and temporomandibular joint. Once it  
was established by imaging that the injury did not involve any arterial structures, the patient underwent craniotomy and removal of the knife blade.

• Rem oval of foreign bodies should be deferred unt il radio-
graphic evaluat ion  has been com pleted.
 ◦ In  pat ients w ith  no evidence of in t racranial hem orrhage or 
cerebrovascular injury, the penetrat ing object  can  be re-
m oved under general anesthesia.

 ◦ If the foreign body appears to be proxim ate to or provid-
ing tamponade for a potent ial vascular injury, the foreign 
body should be rem oved in  the operat ing room  under 
direct  vision .

• Penetrat ing in t racranial injury (Fig. 9.13).
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Operative Procedure
Surgical Management of Extracranial Penetrating Arterial 
Injuries – Zone II
Positioning (Fig. 9.14a, b)

Figure Procedural Steps Pearls

Fig. 9.14 (a) Place a roll between the shoulder blades to extend the 
patient’s neck, and rotate the patient’s head away from the 
side of injury. (b) Prep and drape the entire neck, upper chest, 
and lower face.

•  Remove the cervical collar if the patient is wearing 
one.

a b
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Incision (Fig. 9.15)

Figure Procedural Steps Pearls

Fig. 9.15 Make a longitudinal incision along the anterior border of the 
sternocleidomastoid muscle (SCM).

•  Err on making the incision too long rather than too 
short; it  may extend from the ear lobe to the sternal 
notch if necessary.
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Initial Dissection (Fig. 9.16)

Figure Procedural Steps

Fig. 9.16 Use monopolar cautery to divide the platysma muscle. Mobilize and retract the sternocleidomastoid muscle 
laterally. Ligate and divide the transverse facial vein.

TH_Ullman_CH09.indd   147 3/19/15   9:06 PM



I Cerebral Trauma and Stroke

148

Carotid Artery Dissection (Fig. 9.17)

Figure Procedural Steps Pearls

Fig. 9.17 Use both blunt and sharp 
dissection to expose the carotid 
sheath.

•  Avoid the area of injury by working around the hematoma. All veins (including 
the internal jugular vein) may be ligated and divided if necessary. If both internal 
jugular veins are involved, one should be preserved. Use judicious and selective 
compression of bleeding arterial branches and veins as they are encountered.
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Proximal and Distal Control (Fig. 9.18)

Figure Procedural Steps Pearls

Fig. 9.18 Once the ICA distal to the injury and the CCA or ICA 
proximal to the injury have been exposed, place 
either a clamp or an aneurysm clip on the artery in 
each location.

•  Large permanent aneurysm clips are usually su cient for the 
ICA, and a Fogarty clamp is usually necessary for the common 
carotid artery. Large aneurysm clips may also be used for 
temporary occlusion of external carotid artery (ECA) branches.
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Repair of Arterial Injury (Fig. 9.19a, b)

Figure Procedural Steps Pearls

Fig. 9.19 (a) Repair the arterial injury primarily, w hen possible, w ith a running 6-0 
nonabsorbable polypropylene mono lament stitch.

(b) When primary repair is not possible, place a tubular polytetra uoroethylene 
(PTFE) interposition graft and secure w ith simple interrupted 6-0 polypropylene 
mono lament sutures.

Remove the arterial clamps in the follow ing order: ECA, CCA, and ICA.

•  Ligation and sacri ce of the ICA 
should be avoided; repair of the 
artery versus ligation results in 
an 8% versus 50% ischemia stroke 
rate.10

a b

I Cerebral Trauma and Stroke
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ant ithrom bot ic m edicat ions, including ant iplatelet  agents 
and ant icoagulat ion , carry a r isk of hem orrhagic com plica-
t ions, part icularly in  pat ients w ith  in t racranial hem orrhage 
or polyt raum a. Although level III clin ical evidence and guide-
lines about  the use of ant ithrom bot ic m edicat ions in  t raum a 
pat ients are lacking, the authors of th is chapter recom m end 
the use of aspirin  in  m ost pat ients w ith  cerebrovascular in-
juries. For pat ients w ith  t raum at ic in t racranial m ass lesions 
(e.g., subdural hem atom as or clin ically signi cant  in t racere-
bral hem orrhage), and/or for w hom  cranial surgery is ant ici-
pated or has been done, avoiding ant ithrom bot ic m edicat ions 
seem s prudent .
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Closing
• Leave a drain in place. Close the wound with absorbable braided 

stitches in the platysm a m uscle and staples or stitches in the skin.

Postoperative Management
Monitoring
• All pat ients w ith  cerebrovascular injuries should be m oni-

tored in  a neurologic in tensive care unit  during the acute 
phase, w ith  frequent  neurologic exam inat ions, vital sign  
m onitoring, and daily laboratory studies.

• Blood pressure m onitoring w ith  an  ar ter ial line is preferable 
for pat ients w ith  labile blood pressure or for those requiring 
cont inuous m edicat ion  infusions for blood pressure control. 
Maintenance of systolic blood pressure between 90 and 
180 m m  Hg is adequate for m ost pat ients.

• The need for invasive in t racranial m onitoring is dictated 
by standard neurosurgical cr iteria (e.g., for pat ients w ith  
 elevated in t racranial pressure due to head injury).

Medication
• Ant ithrom bot ic therapy w ith  aspirin  (325 m g daily) is indi-

cated for m ost  pat ients w ith  t raum at ic cerebrovascular injury.
• More aggressive ant ithrom bot ic therapy, w ith  system ic an-

t icoagulat ion , m ay be necessary for pat ients w ith  signi cant  
in t ralum inal ar terial or venous throm bosis.

• Dual ant iplatelet  therapy (e.g., aspirin  and clopidogrel) is nec-
essary for all pat ients receiving a vascular stent .

• In  m ost cases, ant ithrom bot ic therapy for 3 m onths is 
appropriate.

Radiographic Imaging
• Follow -up im aging of t raum at ic cerebrovascular lesions w ith  

CTA at a 3- to 6-m onth  in terval is useful to m onitor dissec-
t ions and to check for the developm ent  or progression of 
t raum at ic aneurysm s.

Further Management
• An outpat ient clinic follow-up evaluat ion should be completed 

3 to 6 m onths after discharge.

Special Considerations
Antithrombotic Therapy
• The use of ant ithrom bot ic m edicat ion  is a reasonable op -

t ion  in  pat ients w ith  cerebrovascular injuries as a m easure 
to prevent  throm boem bolic ischem ic st roke. However, all 
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• Cerebral angiography
 ◦  Although angiography rem ains the gold standard for im ag-
ing the dural venous sinuses, it  is invasive and t im e con-
sum ing, w hich  renders it  im pract ical in  the set t ing of acute 
t raum a.

• Preoperative im aging (Fig. 10.1).

Medication
• Ant im icrobial prophylaxis is in it iated.
• Ant iseizure prophylaxis is in it iated.

Operative Field Preparation
• General pat ient  posit ioning

 ◦  Secure the pat ient  to the table, as up to 60 degrees of re-
verse Trendelenburg m ay be needed to m inim ize in t racra-
nial venous pressure if bleeding is profuse.

 ◦  The injured dural venous sinus segm ent  should be at  the 
h ighest  point  of the operat ive  eld.

 ◦  Avoid excessive neck rotat ion  or  exion.
 ◦  A bilateral craniotomy exposure is indicated to address injury 
to the superior sagit tal sinus. A supra- and infratentorial ap-
proach is necessary to address injury to the transverse sinus.

• Measures to m axim ize cranial venous out ow
 ◦  Avoid com pressive airway tape.
 ◦  Minim ize jugular com pression from  a rigid cervical collar.
 ◦  Avoid excessive neck rotat ion  or  exion.
 ◦  In ternal jugular cent ral venous lines are contraindicated 
due to the possibilit y of iat rogenic throm bosis and im pair-
m ent  of cranial venous out  ow.

• Blood loss
 ◦  Large volum e hem orrhage m ay occur from  the injured ve-
nous sinus. Signi cant losses m ay also occur—both  preop-
erat ively and in t raoperat ively—from  scalp, bone, and brain .

 ◦  Packed red blood cells, platelets, and fresh  frozen plasm a 
m ust be available in  the operat ing room .

• Venous air em bolism
 ◦  Venous air em bolism  m ay occur w hen the head is elevated 
above the heart , result ing in  negat ive pressure in  the dural 
venous sinus—allow ing air to enter and becom e t rapped in  
the r ight  at r ium .

 ◦  A fall in  the end t idal pCO2 and hypotension m ay ensue. 
St rong considerat ion  should be given to the use of capnog-
raphy, a precordial Doppler probe, and an  ar terial line. Air 
em bolism  produces “washing m achine” sounds by Doppler.

 ◦  Rem oval of air from  the r ight  at rium  is possible if a r ight  
at r ial catheter—placed via the brachial or subclavian  
route—is in  place.

Management of Venous Sinus Injuries
Laurence Davidson and Rocco A. Arm onda10

Introduction
Major dural venous sinuses form  at  the dural re ect ions w here 
the super cial and deep layers of the dura split  and the deep 
layer fuses to form  the falx cerebri and the tentorium  cerebelli. 
Injury to the dural venous sinuses m ay be encountered in  pen-
et rat ing and nonpenet rat ing head t raum a or can  result  from  
planned or accidental disrupt ion during a craniotomy.1–3 The 
dural venous sinus has a three-sided lum en that  is tethered lat -
erally by the adjacent dura m ater and deeply by the falx cerebri 
or tentorium  cerebelli. Hem orrhage can ar ise from  the sinus 
roof, lateral walls, venous lakes, arachnoid granulat ions, em is-
sary veins, or cort ical vein  t r ibutaries.

The decision to repair versus sacri ce the sinus is dependent 
on  the locat ion of injury. When repair is indicated, the t ype and 
extent of injury w ill largely dictate the opt im al repair technique, 
w hich  ranges from  direct  repair to segm ental replacem ent .

Indications
• Traum at ic injury result ing in  signi cant  hem orrhage or 

throm bosis
• Resect ion  of an  in  lt rat ing neoplasm
• Three areas require repair to m aintain  patency1,4

 ◦  Posterior two-th irds of the superior sagit tal sinus
 ◦  Torcular herophili
 ◦  Dom inant t ransverse sinus

• All other areas m ay be ligated w ith  m inim al r isk1,4

Preprocedure Considerations
Radiographic Imaging
• Com puted tom ography (CT)

 ◦  Dural venous sinus injury should be suspected if im aging 
shows an  epidural hem atom a in  the region of a m ajor ve-
nous sinus.5 In  one study, 89% of epidural hem atom as aris-
ing from  a dural venous sinus had an  associated fracture 
that  crossed the sinus.1 Poster ior fossa epidural hem ato-
m as involve the dural venous sinuses in  42.5% of cases.6

 ◦  CT venography (CTV), w hich requires the adm inistrat ion of 
intravenous contrast and is taken during the venous phase, 
can be diagnost ic of sinus throm bosis. The empty delta sign  
m ay be seen in the area of sinus throm bosis.7 CTV is indicated 
w hen there is a depressed skull fracture over a dural venous 
sinus, w hich can cause sinus stenosis and throm bosis.8,9
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 ◦  If stenosis is likely to result  from  prim ary suture repair, a 
patch  should be placed.

 ◦  Replacem ent  of segm ents of the superior sagit tal sinus is 
the m ost  ext rem e of in tervent ions, reserved only for those 
cases involving either the m ajorit y of the dorsal wall or 
both  lateral walls, in  w hich a sutured patch  cannot recon-
st ruct  a lum en at  least  50% of the original size.

 ◦  Kapp et  al developed an  in ternal shunt  for use during si-
nus reconst ruct ion .3,4 This was m ade of a pediat r ic endo-
t racheal tube w ith  a pediat ric t racheostomy cu  placed at  
each end. Sindou and Alvernia avoided the balloon shunt  
and Fogar ty balloon catheter due to risk of injury to the 
sinus endothelium , advocat ing, instead, for direct  packing 
of the lum en w ith  hem ostat ic m aterial.2 Both  emphasize 
the need for sinus throm bectomy of the proxim al and dis-
tal ends of the sinus repair to ensure patency.

• Torcular herophili
 ◦  Injuries that  substant ially disrupt the torcular herophili are 
rarely survivable and, in  m ost  cases, the clin ical grade of 
the pat ient  is such that  expectant m anagem ent—w ithout  
surgical in tervent ion—m ay be appropriate.

 ◦  The techniques for tam ponade, prim ary repair, and patch-
ing described for injuries to the superior sagit tal sinus also 
apply to the torcular herophili.1

• Dom inant  t ransverse sinus
 ◦  The techniques for tam ponade, prim ary repair, and patch-
ing described for injuries to the superior sagit tal sinus also 
apply to the superior sagit tal sinus.

 ◦  Sindou  et  al descr ibed a bypass of the t ransverse sinus 
to the external jugular vein  using a saphenous vein  graft  
in  a pat ien t  w ith  bilateral t ransverse sinus th rom bosis.10 
Met iculous wound closure is necessary to preven t  com -
pression  and subsequen t  th rom bosis of the subcutaneous 
vein  graft .

• Segm ental sinus replacem ent
 ◦  If substantial sinus disruption is anticipated, vascular 
reconstruction equipment should be available, including a 
properly sized temporary vascular shunt, Fogarty balloon cath-
eters, nonabsorbable vascular suture, and a vein allograft.

Operative Management
Treatm ent is discussed separately for the follow ing par ts of the 
venous sinus system : anter ior one-th ird of the superior sagit tal 
sinus, poster ior two-th irds of the superior sagit tal sinus, torcu-
lar herophili, and dom inant  t ransverse sinus.

General Considerations by Anatomic 
Location
• Superior sagit tal sinus—anterior one-th ird

 ◦  The m ajorit y of injuries in  th is area can be m anaged w ith  
tamponade techniques or direct  suture repair if the lacera-
t ion  is sm all.

 ◦  Lacerat ions that  are too large to suture direct ly often  can be 
t reated w ith  a sutured, bolstered patch .

 ◦  Lesions that  cannot  be repaired can be t reated relat ively 
safely w ith  sinus ligat ion  via an encircling suture or 
vascular clips.

• Superior sagit tal sinus—posterior two-th irds
 ◦  This por t ion  of the sinus should be repaired or replaced in  
vir tually all cases, but especially w hen m ajor cor t ical ve-
nous drainage is involved.

 ◦  Avoid prim ary suture closure that  com prom ises greater 
than 50% of the sinus lum en, as th is m ay be m ore likely to 
result  in  com prom ised  ow  and eventual sinus occlusion.

Fig. 10.1 CT sagit tal reconstruction demonstrating extensive, supra- and infratentorial epidural hematoma suggestive of a transverse sinus injury.
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Operative Procedure
Surgical Approach to Injuries of the Anterior Third of the Superior 
Sagittal Sinus
Positioning (Fig. 10.2)

Figure Procedural Steps Pearls

Fig. 10.2 The patient is positioned supine, w ith the head 
elevated above the heart. The patient should be 
secured to the table so as to allow  an angle of 
elevation up to 60 degrees, if necessary.

•  Anesthesia monitoring for venous air emboli (VAE) should 
include precordial Doppler, end-tidal pCO2, and placement of a 
right atrial catheter (to permit VAE retrieval).

•  In severe cases, consider preparation for greater saphenous vein 
harvest.
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Figure Procedural Steps Pearls

Fig. 10.3 The orientation of the incision will be dictated by 
the speci c location of the injury.

 •  In general, an incision allowing exposure of both sides of the 
superior sagit tal sinus or providing access to the supra- and 
infratentorial compartments—in the case of a transverse/sigmoid 
injury—is advised.

Incision (Fig. 10.3)
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Craniotomy (Fig. 10.4a, b)

Figure Procedural Steps Pearls

Fig. 10.4 The position of bur holes depends upon the anatomy of the speci c fracture. 

(a) If a nondepressed, linear fracture with suspected dural sinus laceration is present, 
consider leaving a bony shelf adjacent to the sinus in order to permit the use of 
epidural tacking stitches that might tamponade the lacerated sinus. 

(b) If fracture fragments appear depressed into the sinus, bur holes should be placed 
at the outer rim of the depressed segment—allow ing access to normal structures at 
the periphery.

If the sinus is transected, bilateral bony exposure—both proximal and distal to the 
sinus injury—is necessary.

•  Fracture fragments 
should be elevated in 
stages; defer removal of 
any fragment directly 
over the sinus until last.

b

a
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Tamponade (Fig. 10.5a–c)

Figure Procedural Steps Pearls

Fig. 10.5 (a) Apply digital pressure, supplemented with “sinus 
patties” (a combination of 1 3  3 in cotton patties, 
hemostatic absorbable gelatin compressed sponge, and 
strips of hemostatic oxidized cellulose polymer).  
(b) Place epidural tack-up stitches with 4-0 braided nylon 
suture w hen usable bone is adjacent to the injury.  
(c) In some cases, the lateral convexity dura may be rolled 
toward the midline—over top the injured sinus segment and 
packing—and secured to form a “burrito.”

•  Sinus pat ties should be prepared prior to exposure.
•  This combination may be supplemented with 

strips of hemostatic oxidized cellulose polymer and 
absorbable hemostatic matrix paste or comparable 
hemostatic agents. Also, cot ton balls and muscle may 
be employed to bolster the tamponade.

c

a b
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Figure Procedural Steps Pearls

Fig. 10.6 Injuries involving the anterior third of the superior sagittal sinus 
(in front of the coronal suture) may be amenable to ligation.

The sinus—anchored by the falx and convexity dura— rst must 
be released.

Follow ing release of the sinus, ligation may be performed 
by a double ligature technique, using 2-0 nonabsorbable 
polypropylene suture or nylon. Make a double circular course 
beneath the sinus, into the falx and then more super cially, to be 
ligated and divided.

•  Tamponade sinus bleeding during dissection 
through the use of hemostatic agents and 
cot ton pat ties, augmented with head of bed 
elevation (while monitoring for VAEs).

•  Alternatively, ligation may be performed with 
a surgical hemostatic double clip at the inferior 
insertion of the sinus into the falx, near the 
crista galli. At tention must be paid to ensure 
that the clips cross the sinus completely.

Sinus Ligation (Fig. 10.6)
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Figure Procedural Steps Pearls

Fig. 10.7 Lacerations that are too large to suture directly may be treated 
w ith a sutured, bolstered patch.

Options for patch material include adjacent dura (curled over 
the sinus), temporalis fascia, fascia lata, and synthetic dura or 
vascular substitutes.

A layer of muscle or hemostatic absorbable gelatin sponge should 
be interposed between the patch and underlying sinus laceration.

Secure the patch—w ith a series of interrupted, peripherally placed 
4-0 braided nylon or nonabsorbable polypropylene stitches—to 
the adjacent dura.

Replace the overlying bone to bolster the sinus repair.

•  This technique does not work well on the 
lateral sinus walls.

•  Avoid direct suturing of the patch to the 
double layers of the sinus.

•  Take care to avoid occluding the sinus or major 
cortical veins in the area.

Sinus Patch (Fig. 10.7)
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Figure Procedural Steps Pearls

Fig. 10.8 Interposition grafting may be appropriate in cases of complete 
sinus disruption (posterior to the coronal suture), in patients 
deemed to be salvageable.

The greater saphenous vein must be harvested in advance 
from the upper portion of the thigh. The graft should be 
reversed to prevent the valves from obstructing  ow.

(a) A temporary shunt should be placed, w ith heparin  uid 
irrigation of the shunt tubing as well as the proximal and 
distal ends of the sinus. (b) The vein graft is placed around the 
shunt and incorporated w ith multiple, interrupted, end-to-end 
6-0 nonabsorbable polypropylene stitches, leaving a small 
dorsal region to remove the shunt and tie  the  nal stitches.

•  Typical synthetic vascular graft material is prone 
to thrombosis in this location and should be 
avoided, if possible. Likewise, arterial grafts may 
progressively occlude from extensive arterial wall 
thrombosis. Cadaveric vein may be an option in 
rare cases.

•  Historically, the vascular shunt featured a double 
balloon conf guration that allowed venous 
 ow without bleeding around the shunt. More 
recently, other authors have described the use of 
a Rumell vessel loop around the shunt proximally 
and distally to avoid endothelial sinus injury and 
delayed thrombosis.

Sinus Interposition Graft (Fig. 10.8a, b)

a

b

TH_Ullman_CH10.indd   161 3/19/15   9:06 PM



I Cerebral Trauma and Stroke

162

Figure Procedural Steps Pearls

Fig. 10.9 The approach to these sinus segments is best accomplished w ith 
the patient in prone position.

Injuries involving the middle third of the sinus may be 
approached in the supine position. Alternately, the patient may 
be in lateral position, w ith the falx cerebri parallel to horizontal 
and the head tilted up 45 degrees.

•  Refer to Fig. 10.2 for details regarding 
anesthetic adjuncts in this set ting.

Variation for Injuries of the Posterior Two-thirds of the Superior 
 Sagittal Sinus, Torcular Herophili, and Dominant Transverse Sinus
Positioning (Fig. 10.9)

TH_Ullman_CH10.indd   162 3/19/15   9:06 PM



10 Management  of Venous Sinus Injuries

163

Figure Procedural Steps

Fig. 10.10 An inverted U-shaped incision permits access to the supratentorial and infratentorial compartments.

A transverse, linear incision providing access to the bilateral hemispheres may be used to approach injuries to the 
middle third segment of the sagittal sinus.

Incision (Fig. 10.10)
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Craniotomy (Fig. 10.11)

Figure Procedural Steps Pearls

Fig. 10.11 The position of bur holes depends on the anatomy of 
the speci c fracture.

 •  The bony opening should permit access to both sides of 
the sinus in question.
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Direct Repair (Fig. 10.12)

Figure Procedural Steps Pearls

Fig. 10.12 The use of adjuncts discussed in Fig. 10.5 
for tamponade may be e ective, but 
must be tempered by the risk of sinus 
and/or cortical vein occlusion.

Primary suture repair of lacerations may 
be attempted with 6-0 nonabsorbable 
polypropylene suture.

•  Tamponade is particularly poorly tolerated in the region of the central 
sulcus when the vein of Trolard is involved.

•  Injury involving a single lateral wall at the junction of a venous lake, 
which does not respond to tamponade, may be isolated and treated with 
suturing parallel to the sagit tal plane along the sinus edge.

•  Avoid primary suture closure that compromises .  50% of the sinus 
lumen.

•  If stenosis is likely to result  from primary suture repair, a patch should be 
considered.
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Figure Procedural Steps Pearls

Fig. 10.13 Lacerations that are too large to suture directly may be treated w ith a 
sutured, bolstered patch.

Interposition grafting is a daunting proposition in this area.

The vein graft must be oriented such that the valves allow  ow  
from the anterior to posterior portions of the sinus in a nonlimiting 
fashion.

•  Refer to Fig. 10.7 for details regarding 
patching of the venous sinus.

•  Replacement of a superior sagit tal sinus 
segment is reserved only for cases that 
involve both lateral walls or the majority 
of the dorsal wall, where a sutured patch 
cannot reconstruct a lumen at least 50% of 
the original size.

•  Refer to Fig. 10.8 for details regarding 
interposition grafting.

Sinus Patch (Fig. 10.13)
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Closing
• Dural closure is perform ed w ith  4-0 braided nylon suture.
• The bone  ap is reapproxim ated—if feasible—w ith  an  in t ra-

cranial plat ing system .
• The surgical site is ir r igated w ith  ant ibiot ic solu t ion .
• Met iculous hem ostasis is at tained along the skin  edges. 

A subgaleal drain  m ay be left  in  place if necessary.
• The galea and subcutaneous t issue are reapproxim ated w ith  

2-0 braided absorbable suture inver ted st itches.
• The skin  is closed either w ith  staples or 3-0 nylon suture.

Postoperative Management
Monitoring
• The pat ient  is m onitored in  the in tensive care unit  set t ing to 

perm it  frequent  neurologic checks and cont inuous hem ody-
nam ic m onitoring.

• Invasive blood pressure m onitoring and a cent ral venous 
catheter are employed to provide cont inuous m onitoring of 
blood pressure and volum e status. Blood pressure is m ain-
tained in  a norm al range. The goal of in t ravenous  uid ther-
apy is euvolem ia.

• The head of the bed is m aintained at  30 degrees.
• Invasive neurologic m onitors are placed if indicated by the pa-

tient’s overall neurologic status (Glasgow Com a Scale score   8).

Medication
• Ant im icrobial prophylaxis is cont inued for 24 hours.
• Ant iepilept ic prophylaxis is cont inued for 7 days.

Radiographic Imaging
• A CT scan is perform ed early in  the postoperat ive period to 

rule out hem orrhage and/or ischem ia. Im aging is repeated for 
any signi cant  change in  neurologic status.

• Dedicated vascular im aging (CTV, m agnet ic resonance venog-
raphy, or angiography) m ay be appropriate if throm bosis is 
suspected.

•  Postoperative im aging (Fig. 10.14).

Special Considerations
Late Complications
• Post-repair venous sinus stenosis or sinus com pression  (e.g., 

from  a depressed skull fracture) increases the risk of delayed 
sinus throm bosis. Venous sinus throm bosis m ay lead to pro-
gressive bilateral encephalopathy, increased in t racranial 
pressure, cerebral edem a, in t raparenchym al hem orrhage, and 
venous infarct ion . Deep venous hem orrhage and infarct ion  
involving the thalam us can occur w ith  injury to the st raight 
sinus at  the level of the tentorium .

Fig. 10.14 Sagit tal CT reconstruction demonstrating resolution of extra-axial hematoma following repair of a 
transverse sinus injury.
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• The indicat ions for delayed craniotomy or decom pressive cra-
niectomy include:
 ◦  Elevated in t racranial pressure not  responsive to m axim al 
m edical therapy

 ◦  Severe cerebral edem a or the presence of an  in t racranial 
hem atom a w ith  im pending brain  herniat ion

 ◦  Elevat ion  of a depressed skull fracture or rem oval of a for-
eign body w hen dural sinus patency is com prom ised
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Preprocedure Considerations
Radiographic Imaging
• X-ray and/or com puted tom ography (CT) evidence of  fracture, 

subluxat ion , m isalignm ent , instabilit y (Fig. 11.1).
• Role of pret ract ion  m agnet ic resonance im aging (MRI) re-

m ains cont roversial2: One-th ird to one-half of pat ients w ith  
facet  subluxat ion  have evidence of disk herniat ion  or disrup -
t ion  on MRI. In line t ract ion in  the presence of vent ral cord 
compression m ay lead to neurologic injury. However, less 
than 1% of pat ients have been found in  studies to have per-
m anent  neurologic deter iorat ion  result ing from  applicat ion  
of cervical t ract ion—despite the presence of herniated ventral 
disks. Depending on the t im e needed to obtain  the MRI, the 
bene ts of early reduct ion should be weighed against  the risk 
of reduct ion in  the face of potent ial unident i ed ventral com -
pression from  disk herniat ion . In  awake, cooperat ive pat ients, 
physical exam  can be m onitored w hile increasing t ract ion  
weight , and pret ract ion  MRI m ay have lower ut ilit y. In  un-
conscious  pat ients, signi cant  e or ts to obtain  pret ract ion  
MRI should be m ade. Pat ients w ith  incom plete injuries have 
greatest  r isk of neurologic deteriorat ion .

Medication
• System ic: Nonsedat ing pain  m edicat ion  (m orphine, fentanyl) 

and m uscle relaxant (diazepam ) in t ravenously (IV) as needed 
to allow  for pat ient  cooperat ion  and successful reduct ion .

• Local: 1% lidocaine or 1% lidocaine/0.5% bupivacaine (1:1 
m ixture) applied to scalp and pericranium  of planned pin  
site locat ions.

Operative Field Preparation
• Alcohol prep followed by povidone/iodine to planned pin sites.
• Ant ibacter ial (bacit racin) oin tm ent to pins prior to  placem ent .

Introduction
Em ergency closed spinal t ract ion  m ay be perform ed for 
 pat ients w ho present w ith  cervical spinal m isalignm ent  and/
or instabilit y secondary to t raum a. Use of lighter weight 
(5–10 lb) can  m aintain  alignm ent and im m obilize an  unstable 
spine, if closed t ract ion  reduct ion  is not deem ed appropriate 
at  the t im e.  Reduct ion  of fracture dislocat ion  and realignm ent 
w ith  increased weight (10–80 lb) can decompress the spinal 
cord and nerve roots. After successful applicat ion  of t ract ion , 
 bracing or surgery m ay be deem ed appropriate. If t ract ion  
is  unsuccessful, surgery likely follows. Manipulat ion  under 
 anesthesia (MUA) m ay be helpful in  pat ients w ho fail awake 
 in line t ract ion   reduct ion .1 Weighted in line halo ring t ract ion  can  
be  converted to long-term  halo-vest  im m obilizat ion  if needed. 
Most  com m only used t ract ion  opt ions are  Gardner-Wells (G-W) 
tongs and Halo rings.

Indications
• Cervical spinal m isalignm ent due to t raum at ic fracture/ 

dislocat ion
• Spinal cord/nerve root  com pression due to m isalignm ent
• Cervical spinal instabilit y due to t raum at ic fracture or liga-

m entous instabilit y requiring im m obilizat ion  that  cannot  be 
adequately achieved w ith  external or thoses alone

• Awake, cooperat ive pat ient
• Availability of radiographic/clinical monitoring during reduction
• Absence of skull fracture or prior bur hole at proposed pin sites
• Absence of occipitoat lantal or at lantoaxial dissociat ion  or 

com plete ligam entous injury at  any level
• Absence of fracture/instabilit y at  level rost ral to in tended 

level of t reatm ent
• Absence of know n signi cant  associate t raum at ic cervical 

disk herniat ion , w hich can worsen neurologic de cit  under 
t ract ion
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a

Fig. 11.1 Lateral radiograph in patient with high-grade spondylolithesis  at  C4-5 
due to bilateral facet dislocation after traction tongs placement and prior to weight 
application.

b

TH_Ullman_CH11.indd   171 3/19/15   9:07 PM



II Spinal Emergency Procedures

172

Operative Procedure
Positioning (Fig. 11.2) 

Figure Procedural Steps Pearls

Fig. 11.2 Patient is positioned for 
application of traction, 
typically supine, head in 
neutral position.

•  It  is easier to place an “open” halo ring than a closed ring while supine. Check lateral 
X-ray in position prior to proceeding. If one needs to reduce kyphosis, a shoulder roll can 
be placed. If the plan is to eventually place in halo vest, one can “preplace” the back of 
the halo vest for the patient to lie on.3
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Figure Procedural Steps Pearls

Fig. 11.3 (a) Gardner-Wells tongs. Two pin sites are required. 
(A, green) The ideal pin site placement is along the 
superior temporal line, above the temporalis muscle belly 
(mark as transparency below  skin), approximately 3 to 
4 cm above pinna. For neutral traction, pin directly in 
line above external auditory meatus (EAM). To induce a 
 exion correction (e.g., of jumped facets), (B, red) place 
3 cm posterior to EAM; to induce an extension (e.g., for 
subluxation), (C, blue) place 3 cm anterior to EAM, along 
the superior temporal line. After preparation with alcohol 
and povidone iodine, local anesthetic is injected. (b) Halo 
ring. Select four pin sites, each marked w ith a pen: two 
anterior, two posterior. The two anterior sites should 
be 1 cm above orbital rim, above lateral half of the orbit 
(to avoid the supraorbital and supratrochlear nerves and 
the frontal sinus). Posterior pins should be in region of 
mastoid. After preparation w ith alcohol and povidone 
iodine, local anesthetic is injected.

•  Halo rings are available in MRI compatible models which 
can facilitate later imaging. Weights are typically not 
MRI-compatible and must be removed for MRI imaging.

•  Ensure there are no skull fractures or bur holes in 
region of proposed pin sites. Do not place pins into thin 
squamous temporal bone.

•  Select pin sites while assistant holds the halo ring in place, 
or use “suction cup” stabilizing posts to hold ring while 
selecting appropriate sites. Pin sites should be selected to 
allow for the ring to sit symmetrically around the head.

•  Pin sites should be selected to allow for a 1- to 2-cm 
space circumferentially between the scalp and the halo 
ring. Pins should be placed in holes that allow for most 
perpendicular entry into skull.4

•  Prep with alcohol followed by povidone iodine. Inject 
lidocaine or lidocaine/bupivacaine mixture as above into 
proposed pin sites, into scalp and pericranium. May incise 
scalp prior to pinning to avoid contamination with skin  ora.

Selection of Pin Sites (Fig. 11.3a, b)

a

b
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Placement of Pins (Fig. 11.4a, b)

Figure Procedural Steps Pearls

Fig. 11.4 (a) Gardner-Wells tongs. Place pins through the tongs into 
scalp and pericranium. Tighten both pins simultaneously, 
until torque indicator on one pin protrudes approximately 
1 to 2 mm, indicating adequately tightened screws.

(b) Halo ring. Tighten two diametrically opposed screws 
simultaneously until “ nger tight.” Then tighten the other 
two screws simultaneously until “ nger tight.” At this point, 
use torque wrench to adequately and safely secure pin 
tightness to preset maximal torque (8 in-lb for adults).

•  Pay at tention to eyes and eyebrows to avoid pinning 
eyes open or closed.

•  For children: Use lower  nal torque for tightening 
(4–8 in-lb for children age 3–10, 2–4 in-lb for children 
under age 3).5 Use multiple (6–10) pins in order to 
distribute pressure evenly circumferentially and avoid 
fracture or excessive skull penetration. Also, use 
specially supplied pediatric pins with short t ips and wide 
 ange, if available.6

b

a
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Placement of Traction Weights and Counter-Traction (Fig. 11.5)

Figure Procedural Steps Pearls

Fig. 11.5 Secure a knotted rope to 
tongs or halo ring, through 
a pulley at head of bed, and 
hang weights from there.

Secure ankles, wrists, and 
shoulders with padded 
roped restraints to foot of 
bed to prevent patient from 
sliding up on bed when 
placed in traction.

•  If stabilizing an unstable fracture between occiput and C2, begin with 5 lb, and advance to 
10 lb if radiographs show no change.

•  Below C2, begin with 10 lb to overcome weight of head through C2, and then 5 lb per level 
below C2 (e.g., 20 lb for C4 fracture).

•  Cervical traction is best performed under  uoroscopy, or obtain serial X-rays immediately 
after weight change, and in 30-min intervals to gauge progress. Follow the neurologic 
exam every 10 minutes. One may add weights in 5-lb intervals and recheck radiograph. 
Stop when observe: (1) successful spinal realignment radiographically, (2) neurologic 
deterioration, (3) undesired radiographic changes (worsening misalignment, distraction 
at more rostral disk level with widened disk space or splayed spinous processes or facet 
joints), and/or (d) patient complains of severe discomfort.

TH_Ullman_CH11.indd   175 3/19/15   9:07 PM



II Spinal Emergency Procedures

176

Placement of Vest (Fig. 11.6) 

Figure Procedural Steps Pearls

Fig. 11.6 Select correct vest size for the patient. Connect posterior 
ring to posterior vest w ith upright post.

Connect anterior ring to anterior vest w ith upright 
posts. Connect anterior/posterior halves of vest to each 
other. Once in place, secure the ring to the posts at each 
point w ith torque w rench, maintaining head in correct 
alignment. Check post-placement X-rays immediately 
after placement and when upright day 1 and day 3.

•  Important note: Every brand and style of halo vest and 
head ring comes with a detailed set of instructions 
for application. It is recommended to review these 
instructions carefully prior to applying the apparatus

•  Incorrect sizing of vest can lead to loss of alignment.
•  If posterior vest has not be “preplaced,” patient can be 

logrolled, or elevated 30 degrees while head held in gentle 
manual traction. 

•  Tape wrench to anterior vest for easy access in emergency.
•  Watch for pressure ulcers at sites of excess pressure on 

shoulders, back, and chest.

TH_Ullman_CH11.indd   176 3/19/15   9:08 PM



11 Applicat ion of Closed Spinal Traction

177

Postoperative Imaging (Fig. 11.7)

Figure Procedural Steps

Fig. 11.7 Lateral radiograph of cervical spine after tongs traction in patient depicted in Fig. 11.1. Spinal alignment at C4-5 has 
improved after serial weights were applied, but the patient required open reduction and  xation.

It is important to obtain imaging after halo or traction placement to verify alignment of the injured segment.   
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Postoperative Management
Monitoring
• Monitor neurologic status and vital signs every 2 hours.
• Monitor for skin  breakdow n/decubit is ulcers. 

Medication
• Pain  m anagem ent  and m uscle relaxat ion  can be adm inistered.

Radiographic Imaging
• Obtain  lateral X-ray w ith  any weight  change, w ith  any bed 

t ransfer, and once daily as rout ine.

Pin Site Management
• Gardner-Wells pins are checked at 24 and 48 hours to ensure 

that the spring-loaded force indicator is protruding. Halo pins 
are re-torqued to 8 in-lb once at 24 hours, and again at 48 hours. 
Additional t ightening beyond this point can lead to skull 
penetrat ion, skull fracture, pin loosening, and/or  infection.

• Maintain tw ice-daily pin site cleaning w ith hydrogen peroxide 
or povidone iodine ointm ent .

Further Management
• After successful realignm ent , decide to brace, place in  halo 

vest  (see Fig. 11.6), or operate.
• After failed realignm ent , a decision  to operate is usually 

m ade.

Special Considerations
Pediat r ic pat ients have special concerns regarding num ber of 
pins and pin  torque pressures (see above). In  pat ients w ith  an -
kylosing spondylit is,7,8 light  cervical t ract ion  (,  5 or 10 lb) is ad-
vised. Prolonged t ract ion  w ith  light weights m ay lead to  desired 

correct ion  w ith the goal of reducing the spine to the prefracture 
sagit tal curvature. Over-dist ract ion or  correct ion  w ith  heavier 
weights quickly leads to uncont rolled re- or  m isalignm ent  and 
neurologic injury.

For t ract ion  in  pat ients w ith  locked facets, apply gent le 
  exion force for bilateral locked facets, or  exion plus gent le 
rotat ion  toward side of locked facet  for unilateral locked  facets. 
Increm ental increases in  weight can  be applied unt il locked 
facets becom e perched. Once perched, slowly reducing weights 
to 5 to 10 lb w hile gent ly extending (by sliding in  a shoulder 
roll) reduces the dislocat ion . Once reduced, m aintain  5 to 10 lb 
weights for stabilizat ion  unt il de n it ive t reatm ent  (i.e., surgery) 
is accom plished.
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Emergency Management of  
Odontoid Fractures
Sanjay Yadla, Benjam in M. Zussm an, and Jam es S. Harrop

Indications
• Disrupt ion  of the t ransverse ligam ent causing atlantoaxial 

instabilit y.
• Type II odontoid fractures w ith  evidence of instabilit y 

(i.e., greater than 6 m m  of displacem ent).
• Movem ent at  the fracture site in  halo vest  dem onstrated on 

supine and upright  X-rays.

Preprocedure Considerations
Radiographic Imaging
• Radiological studies—init ial  lm s should include anteropos-

terior, lateral, and open-m outh  odontoid views.
• Com puted tom ography (CT) scans w ith  reform at ted im ages 

m ay be used to determ ine the t ype of odontoid fracture and 
m ay provide m ore detail of bony anatomy than plain   lm s.

• Careful preoperat ive review  of CT im ages w ith  ident i cat ion  
of fracture sites, bony anatomy, and vertebral ar tery course 
is necessary to determ ine w hether inst rum entat ion  can be 
placed safely.

• The Anderson and D’Alonzo classi cat ion  system , w hich 
classi es fracture t ypes I, II, and III, is com m only applied 
(Figs. 12.1  and 12.2; Table 12.1).2

Medication
• Perioperat ive ant ibiot ics are in it iated and m aintained for 

24 hours after incision.

Introduction
The odon toid  p rocess, or  den s, is t h e  bony con ical p roject ion  
of t h e  axis (C2), aroun d  w h ich  th e  r ing-sh aped  at las (C1) 
en ables rot at ion al m ovem en t  of th e  h ead . Fract u res of th e 
odon toid  p rocess con st it u te  approxim ately 15% of all cer-
vical fract u res. Th ey are  p r im ar ily caused  by h igh -velocit y 
t raum a in  th e  young and  by falls in  th e  elderly. Odon toid 
fract u res m ay cause  at lan toaxial in st abilit y, p lacing th e  sp i-
nal cord  at  r isk for  com pressive  inju r y. Fract u res m ay resu lt  
in  p rogressive  n eu rologic dam age or  fat alit y. Th e  goal of 
t reat m en t  is to st abilize  or  im m obilize  th e  at lan toaxial join t  
an d  ach ieve  solid  fu sion  of t h e  fract u red  den s.1 Pat ien t s w ith  
acu te  odon toid  fract u re  rarely p resen t  w ith  severe  n eu ro-
logic inju r y bu t  com m on ly com plain  of axial n eck pain  
subsequen t  to t rau m a.

Although  evidence-based m anagem ent  recom m endat ions 
for odon toid  fractu res are lacking, pat ien t  ou tcom es for the 
m ost  com m on conservat ive and  surgical t reatm en ts have 
been  repor ted .1 Th is chapter d iscusses the em ergency m an-
agem ent  of odon toid  fractu res w ith  a speci c focus on  the 
m ost  com m only perform ed t reatm en ts, includ ing: (1) an te-
r ior fusion  techniques (odon toid  screw ) and (2) poster ior fu -
sion  techn iques (C1-C2 t ransar t icu lar screw s; C1 lateral m ass/
C2 pars/C2 pedicle screw s). Con t raind icat ions for odon toid 
screw  p lacem ent  include odon toid  fract ures w ith  an  an ter ior-
ly angled  t ip  fragm ent , osteoporosis, t ransverse ligam en t  d is-
rupt ion , or accom panying at lan toaxial fractures. Body bu ild 
or inabilit y to reduce the fractu re can  be proh ibit ive w ith  th is 
techn ique. In  these cases, poster ior at lan toaxial fusion  m ay 
be  warran ted .
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Fig. 12.1 Commonly applied classi cation of odontoid fractures.

ba
Fig. 12.2a, b (a) Sagit tal and (b) coronal preoperative CT images demonstrating a type II odontoid fracture.

Table 12.1 Documented treatment options for odontoid fractures

Type of odontoid fracture Management Reported fusion rates

Type 1 Conservative External immobilization 100%

Type II Conservative External immobilization 55-65%

Surgical Anterior approach, odontoid screw 90%

Posterior approach, atlantoaxial fusion  
or trans-articular screws

74-87%

Type III Conservative External immobilization 50-84%

Surgical Posterior approach, atlantoaxial fusion 100%
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Operative Procedure
Odontoid Screw
Positioning (Fig. 12.3)

Figure Procedural Steps Pearls

Fig. 12.3 The patient is positioned 
supine on the operating ta-
ble w ith the head extended 
in traction. The patient is 
intubated. Biplanar  uoros-
copy is used to monitor the 
head and dens during the 
procedure.

•  The anteroposterior (AP) view is obtained transorally using a C-arm  uoroscope, and 
a radiolucent prop may be used to open the mouth to improve AP visualization. The 
lateral view is obtained by a second C-arm  uoroscope, oriented horizontally. Using 
 uoroscopy as a guide, the head and neck are positioned to align the fracture edges. 
Finally, because blockage of screw insertion due to body obstruction (e.g., barrel chest) 
or body positioning (e.g.,  xed cervical kyphosis) may limit this procedure, a Kirschner 
wire (K-wire) may be used to estimate screw/instrument trajectory and ensure that the 
patient’s body will permit clearance during screw placement prior to incision.
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Cervical Dissection and Entry Site Preparation (Fig. 12.4a–e)

a

b
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Figure Procedural Steps Pearls

Fig. 12.4 (a) A transverse incision is made at approximately 
the C4-C5 level similar to an anterior cervical 
diskectomy. The platysma is incised. (b) Incision of 
the cervical fascia and plane is developed to the spine. 
(c) Dissection of the longus colli muscles. (d) Placement 
of radiolucent retractors. (e) The C3 body is notched 
and the C2-C3 ventral annulus  brosis is incised.

•  The spine is approached anteriorly at the C4-C5 level using 
 ne dissection between the midline structures and carotid 
sheath and then blunt dissection from the longus colli muscles 
to the vertebral bodies.3 Radiolucent retractors are used to 
permit intraoperative  uoroscopy. To prepare the screw entry 
site, the C3 vertebral body is notched anterosuperiorly, and 
the C2-C3 ventral annulus  brosis is incised.

c d

e
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Screw  Trajectory and Placement (Fig. 12.5a, b)

Figure Procedural Steps Pearls

Fig. 12.5 (a) A K-wire is advanced through the 
C2 body to establish the trajectory. 
(b) A single lag screw  is rostrally directed 
through the entry site, the C2 vertebral 
body, and the tip of the odontoid process. 
This compresses the two bony segments 
together, achieving rigid internal 
stabilization at the fracture site.

•  To establish the trajectory for screw placement, a drill or K-wire is 
advanced up through the C2 body into the midpoint of the odontoid 
fragment. Con rmatory visualization of this pilot trajectory is achieved 
with  uoroscopy. The drill is removed and a lag screw is advanced 
through the guide hole through the C2 body and through the bony 
cortex of the odontoid tip. Because the lag screw head is restrained by 
the C2 body, screw tightening pulls the odontoid fragment inferiorly, 
internally reducing the fracture.3,4

a b

TH_Ullman_CH12.indd   184 3/19/15   9:10 PM



12 Emergency Management  of Odontoid Fractures

185

Completed Construct (Fig. 12.6a, b)

Figure Procedural Steps

Fig. 12.6 (a) AP and (b) lateral X-ray images of  nal odontoid screw  construct.

a b
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C1-C2 Transarticular Screw (Magerl Technique)
Positioning (Fig. 12.7a, b)

Figure Procedural Steps Pearls

Fig. 12.7 (a) The patient is posi-
tioned prone under general 
anesthesia w ith the neck 
 exed in the three-pinion 
head holder. (b) The screw  
trajectory is established 
w ith wire and  uoroscopy 
prior to prepping.

•  The operating table and room should be arranged to accommodate lateral  uoroscopy 
with a comfortable viewing angle for the operating surgeon. A three-pinion head holder 
is used to secure the head in the “military tuck” position, which will allow access to the 
atlantoaxial joint at the appropriate angle with surgical instruments. Lateral  uoroscopy 
can be used to con rm that no displacement has occurred and that the neck remains 
neutral after positioning. Screw entry sites and trajectories can be estimated using 
 uoroscopy at this point. In older patients with a pronounced thoracic kyphosis, an 
adequate trajectory may not be at tainable.

a b
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Surgical Site Preparation (Fig. 12.8)

Figure Procedural Steps Pearls

Fig. 12.8 The area is prepped and draped in a sterile fashion to include 
the cervical and midthoracic spine. Three separate incisions are 
made: (A) midline from occiput to C4; (B, C) two stab incisions 
are made at the C7-T1 level for screw -inserting instruments.

•  Three separate incisions are required: a midline 
incision from the occiput to C4 to expose the C1-C2 
levels and two stab incisions at approximately the 
C7-T1 level for instrument access.
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Tissue Dissection and Exposure (Fig. 12.9a, b)

Figure Procedural Steps Pearls

Fig. 12.9 (a) Tissue dissection is carried dow n through the midline along the 
relatively avascular midline raphe between the paraspinal muscles. The 
dissection is taken dow n to the spinous processes and articulating pro-
cesses of C1 and C2. (b) Brisk venous bleeding may be encountered upon 
exposure of the C1 facet. This should be anticipated and can be controlled 
with a thrombin-soaked gelatin sponge. The exiting C2 nerve root is 
encountered between the posterior arch of C1 and lamina of C2. It can be 
protected by dow nward retraction using a Pen eld no. 4.

•  A localizing X-ray or  uoroscopy can 
be used to con rm localization. The C2 
spinous process is often bi d and more 
prominent than the C1 or C3 spinous 
processes. The C1 and C2 laminae are 
exposed by subperiosteal dissection 
with care taken to avoid disruption of 
the C2-C3 joint.

a b
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Screw Trajectory and Placement (Fig. 12.10a, b)

Figure Procedural Steps Pearls

Fig. 12.10 (a) The screw  entry point is typically 3 mm lateral and 3 mm 
superior to the inferomedial corner of the inferior articulating facet 
of C2. A K-w ire is used to establish the trajectory followed by a 
cannulated screw, w hich is inserted over the K-w ire. (b) The ideal 
trajectory (approximately 40 degrees superior to the entry site) 
ends at a point that overlies the shadow  of the anterior C1 tubercle 
on lateral  uoroscopy. A cannulated bit is passed over the K-wire to 
create a pilot hole, w hich is tapped, and a 3.5- or 4-mm cannulated 
cortical screw  is then advanced to the ideal target.5

•  A K-wire is advanced through the stab 
incision and ideal screw entry point, down the 
pars of C2, and across the C1-C2 joint under 
 uoroscopic guidance. The K-wire is advanced 
to a point 4 mm shallow to the ideal target. 
The operating surgeon must be aware of the 
position of the K-wire at all times during its 
use to avoid inadvertent advancement into 
vital structures.

a b
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Completed Construct (Fig. 12.11)

a b

Figure Procedural Steps

Fig. 12.11 (a) AP and (b) lateral radiographs of C1-C2 transarticular screw  placement.
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C1-C2 Lateral Mass Fusion w ith Polyaxial Screws and Rods
Positioning and Surgical Site Preparation (Fig. 12.12)

Figure Procedural Steps Pearls

Fig. 12.12 The patient is positioned prone under general anesthesia under cervi-
cal traction with skull tongs. The incision is marked from occiput to C4. 
After prepping, a midline incision is made. Soft tissue dissection is con-
ducted with monopolar cautery along the midline. A relatively avascular 
plane can be found in the midline raphe between the paraspinal muscles 
(see Fig. 12.9a).

•  Intraoperative X-ray or  uoroscopy 
is used to check alignment after 
positioning. A three-pinion head 
holder could also be used in lieu of 
traction.
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Tissue Dissection and Exposure (Fig. 12.13)

Figure Procedural Steps Pearls

Fig. 12.13 The dissection is taken dow n to the 
spinous processes and then to the 
lamina. Dissection along the inferior 
border of C1 lamina is performed to 
expose the C1 lateral mass. Epidural 
venous bleeding is controlled with 
gelatin sponge and cotton pledgets.

•  A localizing X-ray or  uoroscopy can be used to con rm localization. The C2 
spinous process is often bi d and more prominent than the C1 or C3 spinous 
processes. The C1 and C2 vertebrae are exposed by subperiosteal dissection. 
Bleeding from the epidural venous plexus is typically encountered during 
dissection of the C1-C2 joint. It  is usually controlled with a combination of 
bipolar electrocautery, gelatin sponge, and cot ton pledgets.6 The lateral and 
medial borders of the C1 lateral mass are identi ed for accurate placement 
of the C1 lateral mass screw. The C2 dorsal root ganglia can be retracted 
caudally to clearly view the C1 lateral mass.
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C1 Screw  Trajectory and Placement (Fig. 12.14)

Figure Procedural Steps Pearls

Fig. 12.14 The ideal screw  entry point for the C1 screw  
is at the middle of the C1 lateral mass in the 
lateral-medial direction and at the midpoint 
between the inferior border of the C1 lateral 
mass and the junction of the posterior arch 
to the C1 lateral mass in the craniocaudal 
direction.

•  The ideal screw trajectory is 10 degrees medial and 10 degrees 
superior (in the direction of the anterior C1 tubercle) to the entry 
point. The hole is tapped and a 3.5-mm screw is inserted. The screw 
length should be estimated on preoperative imaging so that the screw 
head sits beyond the posterior arch of C1 (typically 30–35 mm).

•  Harms and Melcher popularized this C1-lateral mass and C2-pedicle 
screw construct. It  can also be easily modi ed to accommodate a C2-
pars interarticularis screw depending on patient anatomy. As with the 
transarticular approach, careful preoperative review of CT scans with 
identi cation of fracture sites, bony anatomy, and vertebral artery 
course is necessary to determine whether screws can be placed safely.
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C2 Screw Placement and Trajectory (Fig. 12.15)

Figure Procedural Steps Pearls

Fig. 12.15 C2  xation can be achieved with either a pars interarticularis or 
pedicle screw. (right side) The ideal entry point for a C2 pars screw  
is 3 mm lateral and 3 mm superior to the inferomedial corner of 
the C2 inferior articulating facet, similar to the C1-C2 transarticular 
screw. The pars screw  should be aimed at a point in line w ith the 
middle of the C1 lateral mass in the lateral-medial direction and 
40 degrees cranial to the entry site in the craniocaudal direction. 
(left side) The ideal entry site  for a pedicle screw  is 6 mm lateral 
and 6 mm superior to the inferomedial corner of the C2 inferior 
articulating facet. The ideal trajectory for the pedicle screw  is 20 
degrees medial and 20 degrees cranial from this point. The screw  
length should be measured on preoperative CT. The pilot hole 
should be tested w ith a ball-tip probe prior to tapping and place-
ment of a 3.5-mm polyaxial screw.

•  The limitations of transarticular screw 
placement and the advent of polyaxial head 
screws contributed to the development of 
further C1-C2 fusion methods. In 2001, 
Harms and Melcher popularized this novel 
technique of C1-C2 polyaxial screw-and-rod 
 xation that minimizes risk to the vertebral 
artery, allows for intraoperative reduction of 
the atlantoaxial joint, and eliminates the need 
for supplemental bone wiring.6 The relative 
technical ease and improved risk pro le of 
this technique has made it  the predominant 
method of posterior atlantoaxial fusion at the 
authors’ institution.7
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Completed Construct (Fig. 12.16)

a b

Figure Procedural Steps

Fig. 12.16 (a) AP and (b) lateral radiographs of  nal C1-C2  xation.
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atlantoaxial instabilit y unsafe in  the acute set t ing. If the frac-
ture can be reduced and the pat ient  does not have a progressive 
neurologic de cit  then the pat ient  can  be im m obilized in  a r igid 
cervical collar, halo vest , or t ract ion  unt il concurrent injuries 
are stabilized. In  the authors’ experience, pat ients w ith  h igh 
cervical injuries are best  m onitored in  the in tensive care unit  
unt il de n it ive t reatm ent .

There are no standards regarding the ideal t im ing of surgi-
cal in tervent ion. In  the only published random ized t r ial on  this 
topic (for spinal cord injury pat ients), Vaccaro et  al found no 
 di erence in  length  of in tensive care unit  stay, length of inpat ient  
rehabilitat ion , or Am erican Spinal Injury Associat ion  (ASIA) 
score im provem ent between early (,  72 hours from  injury) and 
late (.  5 days from  injury) surgical in tervent ion  in  123 pat ients 
w ith C3 to T1 injuries.9 In  a recent Cochrane Database system -
at ic review, Bagnall et  al found insu cient  evidence to establish  
recom m endat ions on t im ing of surgery.10 Early evidence from  
the Surgical Treatm ent for Acute Spinal Cord Injury Study (STAS-
CIS), a m ult i-inst itut ional random ized t r ial of early (,  24 hours) 
versus late surgery for isolated cervical SCI, suggests that  early 
decompression m ay be associated w ith improved neurologic re-
covery at  1-year follow-up.11 Subsequent results dem onstrated 
safety in  early surgery w ith im provem ent in  at  least  two grades 
of the ASIA impairm ent scale at  6 m onths’ follow-up.12

References
 1. Sm ith  HE, Maltenfort  M, Harrop JS, et  al. Odontoid fractures and 

their m anagem ent . Topics in  Spinal Cord Injury Rehabilitat ion  
2010;15(3):65–72

 2. Anderson LD, D’Alonzo RT. Fractures of the odontoid process of 
the axis. J Bone Join t  Surg Am  1974;56(8):1663–1674

 3. Subach BR, Morone MA, Haid RW Jr., McLaughlin  MR, Rodts 
GR, Com ey CH. Managem ent of acute odontoid fractures w ith  
single-screw  anterior  xat ion . Neurosurgery 1999;45(4): 
812–819; discussion  819–820

 4. Apfelbaum  RI, Lonser RR, Veres R, Casey A. Direct  anterior screw  
 xat ion  for recent  and rem ote odontoid fractures. J Neurosurg 
2000;93(2 Suppl):227–236

 5. Haid RW Jr., Subach BR, McLaughlin  MR, Rodts GE Jr., Wahlig 
JB, Jr. C1-C2 t ransar t icular screw   xat ion for at lantoaxial insta-
bilit y: a 6-year experience. Neurosurgery 2001;49(1):65–68; 
discussion 69–70

 6. Harm s J, Melcher RP. Posterior C1-C2 fusion w ith  polyaxial screw  
and rod  xat ion . Spine (Phila Pa 1976) 2001;26(22):2467–2471

 7. Sm ith  HE, Vaccaro AR, Maltenfor t  M, et  al. Trends in  surgical m an-
agem ent for t ype II odontoid fracture: 20 years of experience at  a 
regional spinal cord injury center. Orthopedics 2008;31(7):650

 8. Grob D, Magerl F. [Surgical stabilizat ion  of C1 and C2 fractures]. 
Orthopade 1987;16(1):46–54

 9. Vaccaro AR, Daugherty RJ, Sheehan TP, et  al. Neurologic outcom e 
of early versus late surgery for cervical spinal cord injury. Spine 
(Phila Pa 1976) 1997;22(22):2609–2613

 10. Bagnall AM, Jones L, Du y S, Riem sm a RP. Spinal  xat ion  surgery 
for acute t raum atic spinal cord injury. Cochrane Database Syst  
Rev 2008(1):CD004725

 11. Fehlings MG, Arvin  B. The t im ing of surgery in  pat ients w ith  cen-
t ral spinal cord injury. J Neurosurg Spine 2009;10(1):1–2

 12. Fehlings MG, Vaccaro A, Wilson JR, et  al. Early versus delayed de-
compression  for t raum atic cervical spinal cord injury: results of 
the surgical t im ing in  acute spinal cord injury study (STASCIS). 
PLoS One 2012;7:e32037

Closing
• The wound is heavily irr igated.
• An opt ional subcutaneous drain  m ay be placed.
• For anter ior procedures, the platysm a is reapproxim ated us-

ing 3-0 absorbable sutures in  an  in terrupted fashion.
• The paraspinal m uscles and overlying fascia are approxim ated 

using 1-0 absorbable sutures in  an  in terrupted fashion.
• The subcutaneous t issues are approxim ated using 3-0 

absorbable sutures in  an  in terrupted fashion.
• The wound is closed using 3-0 m ono lam ent nylon suture in  

a running fashion.

Postoperative Management
Monitoring
• It  is the senior author’s (JSH) pract ice to place the pat ient  in  a 

m onitored set t ing overnight .

Medication
• Perioperat ive ant ibiot ics are m aintained for 24 hours after 

incision .

Further Management
• Drains are rem oved on postoperat ive day 1 or 2.
• Skin  sutures are rem oved after 2 weeks.
• For posterior procedures, pat ients are t ypically kept  in  a r igid 

cervical collar for 6 to 12 weeks after the procedure, at  w hich 
point  X-rays are taken to assess fusion.

• For anterior procedures, a form al swallow  evaluat ion  m ay be 
required prior to star t ing a diet  because of the h igh incidence 
of postoperat ive dysphagia, par t icularly in  elderly pat ients.

Special Considerations
The senior author (JSH) prefers not to use additional bone w ir-
ing techniques though several have been described. A posterior 
bone wiring technique is often perform ed to provide three-point  
 xation. The C1-C2 transarticular screw, as initially described by 
Magerl in 1987, was the  rst m ajor advance from  bone w iring 
techniques.8 Using this technique, im mediate three-dim ensional 
unisegmental fusion can be achieved and, when performed in  
com bination w ith bone w iring techniques, the use of external 
imm obilization (e.g., halo vest) is not necessary. One advantage 
of this technique is that it elim inates rotational m otion at C1-C2, 
which increases the chance of bony fusion. However, its popularity 
has been lim ited by its relative technical complexity and associ-
ated risks such as hypoglossal nerve and vertebral artery injuries.5

The basic principles of m ult isystem  t raum a m anagem ent  
should not  be foregone in  the set t ing of spinal cord injury (SCI). 
The ABCs (airway, breath ing, circulat ion) should be m onitored 
and t reated appropriately. SCI pat ients m ay present  w ith  other 
life threatening injuries that  m ake operat ive in tervent ion  for 
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Cervical Burst Fractures
Teresa S. Purzner, Jam es G. Purzner, and Michael G. Fehlings

Introduction
Cervical burst  fractures are the result  of  exion com pression 
injuries and are characterized by loss in  vertebral body (VB) 
height , cor t ical fracture of the posterior VB wall, ret ropulsion of 
fragm ents in to the canal, and an  increase in  in t rapedicular dis-
tance (IPD). Burst  fractures that  present w ith  neurologic de cit  
have persistent  canal com pression or that  involve the posterior 
elem ents usually require surgical in tervent ion—typically in  
the form  of corpectomy and anterior reconst ruct ion . However, 
burst  fractures that  do not  a ect  the posterior elem ents and 
present  neurologically in tact  can  be m anaged w ith  external 
or thosis. In  the follow ing chapter we discuss the surgical in -
dicat ions, m edical m anagem ent , radiographic  ndings, surgical 
approach, and postoperat ive care of pat ients w ith  subaxial cer-
vical spine burst  fractures.

Indications
There are a variet y of classi cat ion  system s for subaxial cer-
vical burst  fractures. The Allen  classi cat ion 1 categorized 
subaxial spine injuries in to six m ajor groups of injury: three 
compressive injuries ( exion compression  [20%], extension 
compression  [25%], and vert ical compression); two dist ract ion  
injuries ( exion dist ract ion  [40%], extension-dist ract ion); and 
 nally one lateral  exion injury. Burst  fractures belong to both  
 exion com pression and vert ical com pression categories.

Perhaps the m ost  clin ically useful classi cat ion system  was 
put  forward in  2007 by Vaccarro et  al w ho developed the sub-
axial cervical spine classi cat ion  system  (SLIC) guidelines 
(Table 13.1).2 These guidelines are unique in  their considerat ion  
of bony m orphology, involvem ent of the discoligam entous 
complex (DLC), and neurologic presentat ion . Num erical val-
ues are given under each category depending on the severit y 
of involvem ent . When the sum  of all three categories am ounts 
to less than 4 points, then  conservat ive m anagem ent should 
be considered. Greater than 4 points is suggest ive of surgical 
m anagem ent . Based on the SLIC scale, burst  fractures w ithout  
disrupt ion of the DLC or change in  neurologic status would be 
given 3 to 4 points and be t reated w ith  external or thosis w hile 
those w ith  deteriorat ion  in  neurologic status and disrupt ion of 
the DLC would have .  4 points and therefore require surgical 
stabilizat ion . The proposed algorithm  included in  th is chapter 
is also dependent on  neurologic status and the status of the 
posterior ligam entous complex (Fig. 13.1). Isolated burst  frac-
tures w ithout neurologic de cit  are m anaged w ith  external or-
thosis w hile those present ing w ith  neurologic sym ptom s and 

disrupt ion of the poster ior elem ents require both  anterior de-
com pression  and posterior reconst ruct ion .

Panjabi and White proposed an  alternat ive point-based clas-
si cat ion  system  targeted toward the subaxial cervical spine as 
well as thoracic and lum bar injuries. They considered angula-
t ion  .  11% or .  3.5 m m  of subluxat ion as unstable.3 Cooper 
et  al based their decision  on the presence of irreducible facet  
fractures, ret ropulsed fragm ents causing persistent  canal com -
prom ise in  an  incomplete SCI, progressive neurologic de cit  
from  spinal instabilit y, root decom pression, or chronic progres-
sive deform ity w ith  incom plete spinal cord injury or nerve root  
de cit .4 Hadley et  al recom m ended the follow ing indicat ions 
for surgery: irreducible bone alignm ent , irreducible spinal cord 
compression , instabilit y post  reduct ion , ligam entous injury 
w ith  facet  instabilit y, .  15% kyphosis, or .  20% subluxat ion .5 
To bet ter determ ine the correlat ion  of radiographic  ndings 
of canal com prom ise and neurologic outcom e, Fehlings et  al 
perform ed an  evidence-based analysis of published criteria in  
pat ients w ith  acute cervical SCI.6,7 They went on  to develop a 
prospect ive study invest igat ing m agnet ic resonance im aging 

Table 13.1 SLIC guidelines

Category Points

Morphology
No abnormalit y
Compression
Burst
Distraction
Rotation/translation

0
1
2
3
4

Discoligamentous complex
Intact
Indeterminate
Disrupted

0
1
2

Neurologic status
Intact
Root injury
Complete cord injury
Incomplete cord injury
Continuous compression

0
1
2
3

1 1

Note: Subaxial cervical spine injury classi cation system based on 
bony morphology, involvement of the discoligamentous complex, and 
clinical presentation. Injuries with a score of less than 4 are managed 
with rigid orthosis while injuries with a score of greater than 4 should be 
considered for surgical  xation. Injuries with a score of 4 can be treated 
with either rigid orthosis or surgical instrumentation.
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Secondary outcom es were rates of com plicat ion  and m ortalit y. 
Twenty percent of pat ients undergoing early surgery showed a 
  2 grade im provem ent  com pared to 8.8% in  the late decom -
pression group. Mortalit y and rates of com plicat ion  were not  
stat ist ically signi cant  between the two groups. This study 
would suggest  that  decom pression w ith in  24 hours is bene cial.

Closed reduct ion , if at tempted, is a relat ively well-tolerated 
procedure w ith  an  overall reduct ion  rate of approxim ately 80%, 
30% recurrent  displacem ent or m alalignm ent , 2 to 4% chance 
of t ransient de cit , and 1% chance of perm anent de cit . Over-
all rates of failure in  com pression fractures of the subaxial 
C-spine were found to be around 5%. Sim ilarly, Koivikko et  al 
found a rate of reoperat ion  in  pat ients t reated w ith  orthosis to 
be 4% (compared to 3% in  surgically m anaged pat ients).11 While 
 nonsurgical m anagem ent  is certain ly the appropriate decision  
in  a large percentage of pat ients, there is som e evidence that  
neurologic im provem ent , kyphot ic deform ity, and canal steno-
sis were all im proved in  pat ients t reated surgically.11 Most  stud-
ies, however, were ret rospect ive reviews and outcom es were 
generalized to a spect rum  of fracture pat terns. Furtherm ore, 
the di erences in  recovery between surgical and nonsurgical 
m anagem ent is far outweighed by the status at  presentat ion  
than choice of t reatm ent . Pat ients w ho are t reated w ith  a halo 
vest  or hard cervicothoracic orthosis for 2 to 3 m onths should 
be followed up w ith   exion-extension X-rays to help determ ine 
success of fusion.

Preprocedure Considerations
Radiographic Imaging
• The choice of im aging in  suspected cervical burst  fractures 

has changed over the past  few  decades. Tradit ionally, an-
teroposterior (AP), lateral, and odontoid plain   lm s of the 
C-spine were the  rst -line im aging of choice. There are sev-
eral radiographic features suggest ive of burst  fractures—m ost  
im portantly, loss of ver tebral body height , cort ical fracture 
of the posterior VB wall, ret ropulsion of fragm ents in to the 
canal result ing in  loss of the dorsal ver tebral body line, and 
an  increase in  in t rapedicular distances or splaying of the facet  
join ts. This is occasionally accompanied by VB kyphot ic or 
t ranslat ional deform ity.

• In  m any centers, com puted tom ography (CT) scan is now  the 
 rst -line im aging m odalit y of choice in  cases suspicious of 
neck t raum a. Typically, burst  fractures w ill have disrupt ion  of 
the poster ior VB wall w ith  or w ithout ret ropulsed fragm ents. 
As in  plain   lm s, they w ill dem onstrate an  increased IPD w ith  
splaying of the vertebral arch . CT angiography (CTA) should 
also be considered w hen there is concern  of com prom ise of 
the ver tebral canal and, in  m any inst itut ions, it  has becom e 
part  of the standard im aging protocol for con rm ed C-spine 
injuries.

• MRI can often  be helpful in  bet ter visualizing soft  t issue 
st ructures, disk, canal stenosis as well as cerebrospinal  u id  
(CSF) e acem ent , cord im pingem ent , or signal changes—23% 
of all blunt t raum a pat ients present ing w ith  a cervical in -
jury have evidence of disk injury on MRI. This increases to 
as h igh as 36% of those pat ients w ith  com plete SCI, 54% of 

(MRI)  ndings associated w ith  canal com prom ise and found 
that  m axim um  spinal cord compression as well as spinal cord 
hem orrhage and cord swelling were m ost associated w ith  a 
poor prognosis for neurologic recovery.8

Initial Evaluation and Medical 
Management
The in it ial m anagem ent of cervical burst  fractures occurs out-
side of the hospital at  the scene of injury. These fractures often  
occur in  the set t ing of polyt raum a w here other life-threatening 
injuries can  dist ract  from  possible neurologic deteriorat ion . Full 
cervical spine precaut ions w ith  im m obilizat ion  and t ransfer to 
an  appropriate t raum a center should be perform ed e ciently 
and safely. Once at  the t raum a center, the Advanced Traum a Life 
Support  protocol is inst ituted. In  the set t ing of ret ropulsed seg-
m ents and com pressive spine injury, part icular at tent ion  is paid 
to oxygenat ion  and m aintenance of adequate perfusion. St rict  
blood pressure control is important  w ith  a target  m ean ar ter ial 
pressure (MAP) above 80. Hypotension can in it ially be m anaged 
w ith   uid boluses; however, in it iat ion  of vasopressors should 
be considered if adequate perfusion is not  achieved w ith   uid 
boluses alone. The role of steroids rem ains am biguous and is 
well reviewed elsew here. Once the pat ient  is stabilized, a thor-
ough history can reveal the m echanism  of injury and t im ing of 
neurologic deteriorat ion . Cervical  exion compression injuries 
are par t icularly concerning for burst  fractures.

Follow ing the prim ary survey, a thorough physical exam  is 
required. In it ial inspect ion  and palpat ion  can ident ify obvi-
ous deform it ies, external soft  t issue injuries, and local areas 
of tenderness or asym m etry. When a h istory is not available, 
pat terns of injuries can som et im es suggest  the m echanism  
of injury. Next , a dedicated neurologic exam  should focus on 
lim b st rength , sensat ion  and re exes, t runcal sensat ion , and 
perspirat ion  as well as bowel and bladder sphincter funct ion . 
The Am erican Spinal Injury Associat ion  classi cat ion  system  
(ASIA) is a com m on clin ical classi cat ion  system  that  allows for 
an  organized approach to the neurologic exam  and categorizes 
degree of injury in to four groups.9 ASIA A injuries are com plete 
SCIs w here no sensory or m otor funct ion  is preserved. ASIA E 
injuries have no m otor or sensory de cit . ASIA B to D injuries 
are incom plete SCIs w here sensory funct ion  is preserved but 
w ith  varying degrees of loss in  m otor funct ion. Important ly, 
ongoing progression of neurologic de cits can  suggest  ongoing 
or progressive compression w hether by unstable or ret ropulsed 
fracture fragm ents or an  expanding hem atom a. These are im -
portant  to ident ify early as t im ely decom pression can have sig-
ni cant  im pact on  overall outcom e.

Early opt im izat ion  of m edical m anagem ent  has been show n 
to bene t  long-term  prognosis; however, the t im ing of surgical 
in tervent ion  rem ains som ew hat  m ore cont roversial. There ex-
ists a large body of literature invest igat ing the role of early sur-
gical in tervent ion . The best  evidence to date was put forward by 
Fehlings et  al in  the Surgical Tim ing in  Acute Spinal Cord Injury 
Study (STASCIS t r ial).10 This in ternat ional m ult icenter prospec-
t ive cohort  study looked at  313 pat ients w ith  acute cervical SCI. 
Of these, 182 underwent early surgery (w ith in  24 hours) and 
131 underwent  late surgery (after 24 hours). Prim ary outcom e 
was change in  ASIA Impairm ent Scale (AIS) grade at  6 m onths. 
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studies looking at the stabilit y of the cervical spine after anterior 
fusion, posterior fusion, and com bined fusions in  pat ients w ith  
VB fractures. It  was found that  although posterior fusions were 
stronger than anterior fusions both were stronger than the in-
tact  spine. This was t rue in  both isolated anterior injury or com -
bined anterior/posterior injuries. Therefore, part icularly in  the 
set t ing of intact  posterior elem ents, the role of corpectomy w ith  
anterior reconstruct ion provides adequate stabilizat ion for long-
term  bony fusion. Nonunion rate is approxim ately 3%.15

More extensive reconst ruct ions, involving com bined anter ior 
and posterior approaches, are necessary in  cases w ith  subopt i-
m al bone qualit y, involvem ent  of the posterior elem ents, or ex-
ist ing long fused segm ents. Bone m ineral density has a signi -
cant impact on  overall fusion rates16 and the degree of fusion  
m ust be tailored to both  the densit y of healthy bone and degree 
of bony disrupt ion. Generally, at  least  the caudal th ird of the 
caudal vertebral body and caudal endplate of the rost ral ver-
tebral body should be in tact  for appropriate fusion . Com bined 
anterior and posterior fusion is used in  pat ients w ith  very st i 
or spondylot ic spines (di use idiopathic skeletal hyperostosis 
[DISH], ankylosing spondylit is) or in  the set t ing of injury to the 
posterior elem ents. Com bined operat ions have been show n to 
provide im m ediate r igid stabilizat ion , increased fusion, and de-
creased rates of ventral plate failure. Par t icularly w hen both  can 
be perform ed under a single anesthet ic, a com bined approach 
can avoid the requirem ent  of postoperat ive halo  xat ion  in  
complex spinal injuries. Isolated posterior approaches are t ypi-
cally considered in  the set t ing of facet  fractures or dislocat ions 
w ith  endplate disrupt ion w ithout  signi cant  com pression or 
disrupt ion  of the vertebral body. Posterior approaches are use-
ful w hen pat ients have failed closed reduct ion  and there is sus-
picion that  in t raoperat ive reduct ion  w ill be di cult .

Operative Field Preparation
Fiberopt ic in tubat ion  w hile the pat ient  is asleep is recom -
m ended in  all unstable cervical burst  fractures w hen possible. 
Povidine iodine or chlorhexidine is applied to the surgical site 
and allowed to dry for 3 m inutes. The use of preoperat ive local 
anesthet ic is up to the discret ion  of the surgeon; t ypically the 
m arked incision  is in  lt rated w ith  1% lidocaine w ith  epineph-
rine 1:100,000.

Prophylact ic ant ibiot ics should be given and dexam ethasone 
should be considered part icularly in  the set t ing of cord com -
pression or neurologic com prom ise.

incomplete SCI, and 47% of pat ients w ith  unstable SCI.12 MRI 
should be perform ed in  a t im ely m anner, part icularly w hen 
the clin ical exam  is not explained by radiographic  ndings. In  
those pat ients w ith  equivocal exam  or radiographic  ndings, 
15.5% have been found to have both  disk and ligam entous 
disrupt ion, w hile 20% have isolated ligam entous abnorm al-
it y.13 T1-weighted im ages are useful for their enhancem ent 
of subacute hem orrhage w hile T2 weighted im ages w ill show  
hyperin tensity at  areas of edem a. Shor t  inversion recovery 
(STIR) im aging is a fat  suppression sequence that  is par-
t icularly helpful in  h ighlight ing areas of ligam entous injury. 
Gradient echo im aging and suscept ibilit y-weighted im aging 
w ill fur ther evaluate the presence of hem orrhage. Di usion-
weighted im aging (DWI) uses rapid echo planar sequences to 
h ighlight  acute ischem ic events. It  has been used very suc-
cessfully in  evaluat ing t raum at ic brain  injury and cerebral 
ischem ia but  is st ill lim ited in  the spinal cord given the car-
diorespiratory m ot ion ar t ifact , CSF pulsat ion , and the sm aller 
region of in terest . Nonetheless, it  is an  area of act ive research  
that  has been show ing prom ising prelim inary results. MRI 
should be st rongly considered in  the set t ing of burst  fractures 
par t icularly w hen there is concern  of a t raum at ic disk prot ru-
sion  or to assess the degree of canal stenosis resultant  from  
ret ropulsion of the posterior elem ents. Either of these would 
be important in  surgical planning.

• Preoperat ive im aging (Fig. 13.2).

Approach
Once the decision  to operate has been m ade, the role of anterior, 
posterior, or com bined approaches m ust be considered. There 
are r isks and bene ts to both and approach is ult im ately deter-
m ined by the areas of compression, neurologic status, status of 
the posterior elem ents, and com fort  of the surgeon. In  cervical 
burst  fractures the approach of choice is predom inantly ventral. 
Neurologic com pression is a result of retropulsed anterior ele-
m ents w hich can be rem oved under direct vision w ith an  anteri-
or approach and therefore one can provide opt im al decompres-
sion. Furtherm ore, corpectomy w ith anterior reconst ruct ion  
provides excellent  biom echanical stability and correct ion of ky-
photic deform it ies. The resected vertebral body provides large 
am ounts of excellent m aterial for autologous bone graft ing. 
Anterior approaches also have less blood loss and postopera-
t ive pain. Indeed, w hen directly compared, Toh et al found an -
terior fusion preferred to posterior fusion in  cervical burst and 
teardrop fractures.14 This was echoed by several biom echanical 
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Fig. 13.2 These  lms (a, b) depict a patient with a C4 “tear drop” fracture of the vertebral body (c, d) that  was associated with posterior C4-5 facet 
and laminar disruption.

a b

c d
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Operative Procedure
Positioning (Fig. 13.3)

Figure Procedural Steps Pearls

Fig. 13.3 The patient is positioned supine with the 
face midline. A small bolster is placed 
between the scapula and the neck is put 
in general extension w ith the occiput 
resting on a donut. Shoulders are taped 
dow n.

•  Right-handed surgeons tend to prefer right-handed incisions, while the 
opposite is true with left-handed surgeons. Anatomically, the recurrent 
laryngeal nerve runs a less predictable course on the right-hand side 
while the thoracic duct is a unilateral structure found only on the left-
hand side. Previous surgery is a relative indication to approach from the 
ipsilateral side given the potential for bilateral vocal cord paralysis in the 
set ting of bilateral anterior cervical approaches.
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Incision and Subplatysmal Dissection and Identi cation of Omohyoid 
(Fig. 13.4)

Figure Procedural Steps

Fig. 13.4 A right longitudinal paracervical incision is made with a no. 20 blade along the anterior border of the 
sternocleidomastoid muscle. The incision is extended dow n through skin, subcutaneous tissue, and platysma. 

Subplatysmal  aps are elevated and the omohyoid muscle is isolated and divided w ith diathermy cautery.
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Identi cation of the Deep Cervical Investing Fascia (Fig. 13.5)

Figure Procedural Steps Pearls

Fig. 13.5 The carotid triangle is entered between 
the carotid sheath and the pretracheal 
fascia by exploiting the avascular planes 
of the deep cervical investing fascia.

•  Through the superior end of incision, the superior thyroid artery and 
superior laryngeal nerve can be identi ed and protected. At the lower end 
of the incision the inferior thyroid vein can occasionally be visualized. At 
all points it is important to identify and protect the pharynx/esophagus.
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Identi cation of the Prevertebral Fascia (Fig. 13.6)

Figure Procedural Steps

Fig. 13.6 Blunt dissection is used to identify the prevertebral fascia which is then opened w ith sharp dissection. Superior 
osteal dissection ensues under the longus colli muscle bilaterally.
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Placement of Self-retaining Retractors (Fig. 13.7)

Figure Procedural Steps Pearls

Fig. 13.7 Retractors are positioned to displace 
esophagus, trachea, and strap muscles 
medially. The carotid, internal jugular, and 
sternocleidomastoid muscle are retracted 
laterally.

•  Retractors should be intermit tently released to minimize pressure 
on the soft t issues. In addition, the endotracheal cu  can be 
de ated to minimize pressure on the tracheoesophageal groove 
and thereby decrease the risk of injury to the recurrent laryngeal 
nerve.
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Diskectomy (Fig. 13.8)

Figure Procedural Steps

Fig. 13.8 Disk spaces above and below  the injured vertebra are evacuated using a combination of high speed bur, pituitary 
rongeurs, Kerrison punches, and microsurgical curettes. A longitudinal trough is then fashioned longitudinally in 
line w ith the uncovertebral joints. The endplates are thoroughly burred dow n to posterior longitudinal ligament.
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Corpectomy (Fig. 13.9)

Figure Procedural Steps

Fig. 13.9 The injured vertebral body is resected with Leksell rongeurs and high-speed burs. The posterior longitudinal 
ligament is then opened and all retropulsed fragments are carefully removed via microsurgical dissection under 
microscopic magni cation.
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Placement of Allograft (Fig. 13.10)

Figure Procedural Steps

Fig. 13.10 Distraction pins are placed in the vertebral body above and below the level of injury. Fibular allograft is cut to the 
appropriate length and packed with local corpectomy bone graft. These are gently tapped in to position. Distraction 
pins are removed and the security of  t is assessed. Bleeding from the pin sites is controlled with bone wax.
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Placement of Anterior Locking Plate (Fig. 13.11)

Figure Procedural Steps Pearls

Fig. 13.11 Calipers are used to assess the 
length of bony defect and an 
anterior locking plate is chosen. 
Four 14-mm locking screw s are 
used to  xate the plate.

•  The literature supporting dynamic or static locking plates is divergent17 and the 
decision to use one over the other is typically related to the preference of the 
surgeon. While locking screws do have bene t over nonlocking screws,18,19 unicortical 
and bicortical screws have both shown immediate stability so either is a reasonable 
choices depending on the experience of the surgeon and risk of protrusion through 
the posterior vertebral bodies.20 Approximately 4 mm should be left at both the 
rostral and caudal end to diminish the risk of future adjacent level disease.
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Further Management
• Depending on the degree of injury, use of an  external or thosis 

postoperat ively m ay bene t  the pat ient  in  term s of both  sta-
bilit y and pain  cont rol.

Special Considerations
The term  “cervical burst  fracture” is used in  a variety of con-
texts. The im portant  factors in  determ ining the role of surgi-
cal  xat ion  are the involvem ent of the posterior complex and 
ongoing neurologic de cit  secondary to ongoing cord com -
pression. They are often  considered in  the context of subaxial 
cervical spine classi cat ion  system s, m ost  notably the SLIC 
classi cat ion . While these can  aid in  determ ining the stabilit y 
of the injury, ult im ately each pat ient  and their injury is unique 
and require individual considerat ion .
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Closing
• Ret ractors are rem oved and soft  t issues are carefully inspect-

ed for bleeding. Hem ostasis is m et iculously checked and 
secured. Jackson-Prat t  drain  can  be placed in  the prevertebral 
space and externalized through separate stab incision  and 
connected to the bulb suct ion .

• The wound is repaired in  layers using 2-0 braided absorbable 
suture for subcutaneous t issue and sim ilar 4-0 subcut icular 
for skin .

Postoperative Management
Monitoring
• Pat ients should be m onitored for blood pressure and neu-

rologic funct ion  postoperat ively w ith  a target  of MAP .  80. 
A plain  CT of the cervical spine w ill help con rm  placem ent  
of inst rum entat ion .

Medication
• The use of postoperat ive ant ibiot ics is controversial. There is 

no good evidence that  rout ing postoperat ive ant ibiot ics pro-
vides any advantage to postop wound infect ions.

• The use of steroids in  acute SCI is also controversial and its po-
tent ial bene t  m ust be weighed against  the risk of pneum onia, 
poor wound healing, and recovery from  associated injuries.

Radiographic Imaging (Fig. 13.12)

Fig. 13.12 The patient was treated with a C4 corpectomy and C3-5 
anterior reconstruction with a  bular allograft  (packed with local 
corticocancellous autograft), and anterior screw-plate  xation. Under 
the same anesthetic, the patient was turned (using May eld cranial 
 xation and a Jackson table) in the supine position and a C3-5 posterior 
lateral mass reconstruction was undertaken.
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In rear end collisions, the dam age can be even m ore severe. 
Init ially, the vict im ’s neck m ay hyperextend, forcing the inferior 
art iculat ing process dow n into the superior art iculat ing process. 
If the art icular surface fails, fracture of the inferior art iculating 
process can occur, weakening the facet joint as a w hole. The inev-
itable hyper exion that follows then causes the dislocat ion, un-
hindered by the norm al ligam entous and joint capsule restraints.

The ult im ate result of any facet dislocation in the cervical spine 
is an unstable spine that requires im m ediate treatm ent. Treatm ent 
options include nonoperative m anagem ent w ith closed reduction  
followed by im m obilization in an external  xation device such as 
a halo vest or Minerva brace versus operative  xation follow ing 
either closed or open reduction. The details of the di erent op-
tions are discussed below, but there is a general agreem ent that  
the universal presence of ligam entous injury in facet dislocations 
m akes operative  xation a preferred technique for treatm ent of 
both unilateral and bilateral facet dislocations of the cervical spine.

Indications
• Hyper exion injury result ing in  unilateral or bilateral facet  

dislocat ion  such as a head-on m otor vehicle collision .
• Com bined hyperextension/hyper exion injury result ing  rst  

in  facet  fracture due to hyperextension w ith  subsequent facet  
dislocat ion  due to hyper exion as is experienced during a se-
vere rear-end collision .

• If the exam inat ion  reveals no neurologic de cit  or a com plete 
spinal cord injury, surgical stabilizat ion  should occur as soon 
as the pat ient  is m edically stable and an  appropriate team  is 
available.

• If the exam inat ion  reveals  ndings consistent  w ith  a part ial 
spinal cord injury, urgent reduct ion  and stabilizat ion  is rec-
om m ended as soon as the pat ient  is hem odynam ically stable. 
Hypotension should be avoided in  all pat ients, especially 
those w ith  neurologic de cits.

Examination
• Any pat ient  that  su  ers a cervical facet  dislocat ion  has sus-

tained forces su cient  to cause a myriad of other life-threat-
ening injuries; therefore, a full t raum a workup should be 
completed w ith  prior it y given to the ABCs (airway, breath ing, 
circulat ion). Im m obilizat ion  of the cervical spine during th is 
evaluat ion  m ust  be a priorit y.

• A full neurologic exam inat ion  should be perform ed as th is 
has im plicat ions regarding the t im ing of in tervent ion .

• Addit ionally, evaluat ion  of neurologic status m ay allow  local-
izat ion  of the injury prior to im aging.

Introduction
Dislocat ion  of the facets join ts of the spine can occur at  all levels, 
but  it  is m ost  com m only an  injury found in  the cervical spine. 
First , the coronal orientat ion  of the join ts them selves leaves 
them  suscept ible to dislocat ion  w ith  hyper exion. Second, un-
like the substant ial size of the lum bar ar t iculat ing processes, 
those in  the cervical spine are m uch less robust .1 Therefore, 
the ar t iculat ing processes in  the cervical spine are m uch m ore 
prone to fracture and dislocat ion . Third, the cervical spine is 
naturally h ighly m obile in  com parison to the thoracic and lum -
bar spine w ith  the head’s weight  serving as a cont ribut ing fac-
tor. This characterist ic leaves the cervical spine vulnerable to 
sudden changes in  m ovem ent such as that  w hich  occurs in  a 
head-on collision . 

Dislocat ion  of the cervical facet  join ts can  be both unilateral 
and bilateral. In  the case of unilateral facet  dislocat ion , there 
is often  a rotatory force experienced along w ith  the hyper ex-
ion. The hyper exion force vector is enough to raise the inferior 
ar t iculat ing processes of both  facet  join ts at  the a ected level 
w ith  respect  to the superior ar t iculat ing process. The rotat ion  
experienced at  the sam e t im e causes only one of the two el-
evated inferior ar t iculat ing processes to t ranslate forward, lock-
ing anterior to the superior ar t iculat ing process of the ver tebra 
below  it .2 A purely hyper exion m om ent w ithout  rotat ion  is 
m uch m ore likely to cause bilateral facet  dislocat ion  as the force 
vectors experienced by each facet  are theoret ically sim ilar. In  
either scenario, the dislocat ion  is visualized as either a perched 
facet  (one in  w hich the inferior project ion  of the inferior ar t icu-
lat ing process of the proxim al ver tebral body ar t iculates w ith  
the superior project ion  of the superior ar t iculat ing process of 
the distal ver tebral body) or a locked facet  (in  w hich the inferior 
ar t iculat ing process of the proxim al ver tebral body is anterior 
to the superior ar t iculat ing process of the distal ver tebral body).

All regions of the cervical spine are not  created equal. Unlike 
the subaxial cervical spine, the C1-C2 facet  join ts are oriented 
in  an  axial plane m aking them  less vulnerable to dislocat ion  
from  hyper exion. The occipitocervical junct ion  is subject  to 
a num ber of part icular injury pat terns that  are discussed else-
w here. It  is the subaxial cervical spine, speci cally C4-C7, that  is 
m ost prone to hyper exion injuries.3 In  large part , th is is due to 
the dynam ic forces the cervical spine experiences as a collision  
evolves. At the onset  of a head-on collision , the lower cervico-
thoracic junct ion  of the spine com presses and extends w hile 
the subaxial cervical spine  exes w ith  great  force. As the forces 
evolve, the cervical spine is eventually throw n in to extension. 
This evolut ion  of forces, com m only referred to as w hiplash , 
causes the spine to assum e an S-shape, a phenom enon referred 
to as “snaking.” The hyper exion, if severe enough, can  lead to 
facet  dislocat ion  by it self.
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Guidelines,6 Hurlburt ,7 NASCIS I8 and II9 as well as subsequent 
publicat ions,10 the standard at our inst itut ion is to not adm in-
ister steroids.

Operative Management11

Approach
• If closed reduct ion  has been achieved, anterior  xat ion  and 

fusion, poster ior  xat ion  and fusion, or halo im m obilizat ion  
are t reatm ent  opt ions. In  general, halo im m obilizat ion  is as-
sociated w ith  a relat ively h igh failure rate and the vast  m ajor-
it y of surgeons w ill o er a direct   xat ion  procedure.

• If the dislocat ion  requires open reduct ion , the surgeon m ay 
choose between anterior or posterior approaches depend-
ing on the anatomy of the injury and the experience of the 
surgeon. The presence of a large ventral disk herniat ion  m ay 
be a relat ive indicat ion  for an  anterior approach as a know n 
unilateral ver tebral ar tery injury. In  these cases, the use of 
MRI is appropriate. If the dislocat ion  is com plete enough that  
the surgeon does not  believe an  anterior approach feasible for 
reduct ion , then a poster ior approach is indicated.

Techniques
• Opt ions include: anter ior fusion w ith  or w ithout  plate  xa-

t ion , poster ior fusion and w iring, and poster ior fusion w ith  
lateral m ass plate, rod, clamp, or cable  xat ion .

• Poster ior fusion  w ith  lateral m ass plate, rod, clamp, or cable 
 xat ion  provides instant  stabilit y (allow ing early m obiliza-
t ion  of the pat ient). Choice of technique is based on the in teg-
r it y of the bony st ructures and the experience of the surgeon.

• Poster ior fusion  w ith  w iring m ay also be associated w ith  an  
increased r isk of late kyphot ic angulat ion  com pared to m ore 
r igid techniques. In  one study, 22 of 165 pat ients w ith  cervi-
cal facet  dislocat ion  t reated via posterior fusion and w iring 
developed kyphosis compared to just  1 of 40 pat ients t reated 
via poster ior fusion  and lateral m ass  xat ion .11

• Anterior fusion  w ithout plat ing is associated w ith a h igher 
incidence of graft  displacem ent and late developm ent of ky-
phosis than posterior fusion w ith   xat ion. Six of 101 pat ients 
t reated in  th is fashion developed late instability compared to 6 
of 237 pat ients t reated via a posterior fusion w ith  lateral m ass 
 xat ion.11 The use of anterior fusion w ith plate  xat ion is well 
described and is associated w ith  excellent  outcom es.12–16

Operative Field Preparation
• Cervical im m obilizat ion  m ust  be m aintained at  all t im es.

 ◦ With regards to anesthesia, the inherent instability of this 
type of spinal colum n injury encourages  beroptic intubation.

 ◦ Regardless of the  nal posit ion  (prone or supine), the neck 
should be kept in  a neutral posit ion  at  all t im es.

 ◦ The operat ive area is cleared of hair using clippers only and 
cleansed w ith  alcohol.

 ◦ Povidine iodine or chlorhexidine prep is used to ster ilize 
the operat ive  eld  w idely.

 ◦ The incisions are m arked. In  lt rat ion  w ith  1% lidocaine 
w ith  1:100,000 epinephrine is opt ional.

Reduction—Closed or Open4

• Class III evidence suggests early reduct ion  of cervical facet  
fracture/dislocat ion  m ay be associated w ith  im proved neu-
rologic outcom e.

• If the pat ient  is awake, th is can  be perform ed w ith  m ild se-
dat ion .5 If the pat ient  is unresponsive or unable to cooper-
ate, m agnet ic resonance im aging (MRI) is indicated prior to 
reduct ion  as the neurologic exam inat ion  cannot  be followed 
and the presence of a large ventral lesion  m ay be a relat ive 
indicat ion  for an  open reduct ion  via an  anter ior approach.

• Closed reduct ion  technique includes halo or tongs t ract ion , 
w hich is discussed in  Chapter 11. Closed reduct ion and exter-
nal bracing is associated w ith  increased m orbidity and m or-
talit y related to prolonged bedrest .

• Success of closed reduct ion  is 80%.
• Risk of su ering addit ional perm anent neurologic injury dur-

ing closed reduct ion  is ,  1%.
• Risk of su  ering addit ional t ransient  neurologic injury during 

closed reduct ion  is 2 to 4%.
• If reduction fails, the likelihood of other injuries such as facet  

fracture or herniated disks is increased. This necessitates further 
imaging studies such as MRI prior to open reduction to deter-
mine the initial direction of approach (anterior versus posterior).

Preprocedure Considerations
Radiographic Imaging
• Computed tom ography (CT) scan: CT is the workhorse of cervi-

cal spine traum a evaluation. Identi cation of osseus abnorm al-
ity is straightforward while ligam entous injury is not always 
 detectable. Ligam entous injury m ay be detected due to enlarged 
spaces between otherw ise norm al appearing osseus structures.

• MRI: This test  has, in  the past , been advocated as a necessary 
par t  of any pre-reduct ion  workup, w hether that  reduct ion  be 
in  the in tensive care unit  (ICU) or operat ing room  set t ing. The 
rat ionale for th is was to ident ify any ventral in tervertebral 
disk herniat ions that  m ay cause neurologic injury during re-
duct ion . According to an  evidence-based review, there was 
no relat ionship between the presence of herniated disks and 
risk of neurologic injury during closed reduct ion  of facet  dis-
locat ions in  the presence of a ventrally herniated disk.4 While 
pre-reduct ion  or preoperat ive MRI m ay be useful in  term s of 
de n ing associated injuries and in  som e cases dictat ing surgi-
cal approach, as in  the obtunded pat ient , in  the absence of a 
clear indicat ion  for MRI, reduct ion  of the dislocat ion  should 
not  be delayed in  a pat ient  w ith  a severe neurologic injury.

• Cervical X-ray: The role of plain radiographs in the initial assess-
ment of severe trauma has been limited by the advent of aggres-
sive use of CT im aging. Plain  lm s are quite helpful for diagnosing 
cervical facet dislocations and are employed serially (or w ith  u-
oroscopy) during the process of either open or closed reduction.

Medication
• Steroids: Methylprednisolone for spinal cord injury is a topic of 

great controversy. Draw ing from  the 2002 and 2013 AANS/CNS 
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Operative Procedure
Posterior Approach (Fig. 14.1a, b)

a b
Fig. 14.1a, b Case example: posterior  xation. This young man was involved in a motor vehicle accident and presented with a complete spinal 
cord injury at C6-C7. (a, b) CT images demonstrate the bilateral facet subluxation injury along with some additional posterior element injuries and 
distraction indicating circumferential ligamentous disruption. Because of the degree of distraction and posterior element injuries, a long segment 
posterior  xation was planned.
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Positioning (Fig. 14.2)

Figure Procedural Steps Pearls

Fig. 14.2 Cervical immobilization is maintained at all times. The neck is 
maintained in neutral alignment. Tongs with traction are maintained 
to stabilize the spine.

•  Fiberoptic intubation is a necessit y in these 
patients. May eld pins may also be used to 
stabilize the spine.

TH_Ullman_CH14.indd   217 3/19/15   9:08 PM



II Spinal Emergency Procedures

218

Subcutaneous Dissection (1) (Fig. 14.3)

Figure Procedural Steps Pearls

Fig. 14.3 After a midline skin incision is made, dissection is carried dow n 
through the subcutaneous adipose tissue and cervical fascia until the 
spinous processes are exposed.

•  Maintaining midline is crucial not only for 
localization but also for maintenance of 
hemostasis.
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Subcutaneous Dissection (2) (Fig. 14.4)

Figure Procedural Steps Pearls

Fig. 14.4 Dissection of the paraspinous musculature is carried 
out laterally, exposing the facet joints. The muscle is 
mobilized in the subperiosteal plane.

•  Care must be taken to leave normal facet joints intact, 
especially directly above and below the injured level(s). The 
length of the skin incision determines the extent of lateral 
exposure. Lengthen the incision if needed.
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Decompression and Reduction (Fig. 14.5)

Figure Procedural Steps Pearls

Fig. 14.5 Once the injured level has been identi ed (visually and via 
intraoperative X-ray), removal of compressive bony elements and 
reduction of the dislocated segment can begin using a series of 
rongeurs, punches, and curettes. Reduction may require drilling of the 
superior facet. Care is taken to save all bony elements for the fusion.

•  Bone removal should be limited to that 
which is required for decompression. 
Reduction of the deformity itself usually 
provides the decompression.
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Preparation for Fusion (Fig. 14.6)

Figure Procedural Steps

Fig. 14.6 Follow ing decompression, decortication of the lateral elements and usually the facet joint itself should be carried 
out to provide an adequate fusion substrate.
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Screw  Placement (1) (Fig. 14.7a–c)

Figure Procedural Steps Pearls

Fig. 14.7 The entry point is 1 mm medial and inferior to the 
midpoint of the lateral mass. The screw  trajectory 
may be estimated by aligning the drill guide 
w ith the rostral edge of the subadjacent spinous 
process. The angle should be “up (b) and out (c),” 
aiming away from the vertebral artery (running 
underneath the medial half of the lateral mass) 
and the exiting nerve root and subadjacent facet 
(generally vulnerable if the screw  trajectory is too 
caudal).

•  Screw length is individual and should be determined 
preoperatively on CT. Either unicortical or bicortical purchase 
is associated with excellent outcomes and clinically adequate 
purchase in both the anterior and posterior approaches.17,18 
If the construct crosses the cervicothoracic junction, polyaxial 
screws a ord the greatest  exibilit y in rod placement. In 
the subaxial cervical spine, either rod-based or plate-based 
systems may be used with high success rates.

c

ba

TH_Ullman_CH14.indd   222 3/19/15   9:08 PM



14 Cervical Facet  Dislocat ion

223

Rod Placement (Fig. 14.8)

Figure Procedural Steps

Fig. 14.8 A rod is fashioned to recreate the natural cervical lordosis and is placed in the screw  heads. The caps are tightened 
in place.
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Posterolateral Fusion (Fig. 14.9)

Figure Procedural Steps

Fig. 14.9 The bone fragments removed during the decompression, having been cleaned of all soft tissue and morselized, are 
placed in the decorticated facet joints and over the available lateral mass to complete the fusion.
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• The deep subcutaneous t issue is closed using 2-0 absorbable 
braided sutures in  an  in terrupted fashion. The purpose is to 
decrease the dead space available for infect ion . This is not  a 
st rength  layer.

• The deep derm is is closed using 2-0 or 3-0 absorbable braided 
sutures in  an  in terrupted, inverted fashion.

• The skin  m ay be closed w ith  staples, a running nonabsorb-
able suture, or an  absorbable subcut icular suture.

Closing
Posterior
• Follow ing achievem ent  of hem ostasis, drain  placem ent  is 

opt ional. If placed, the drain  should be placed in  a subfascial 
fashion to allow  closure of the cervical fascia.

• The deep cervical fascia is closed using no. 0 absorbable 
braided sutures in  either an  in terrupted or running fashion.

Anterior Approach (Fig. 14.10a–c)

ba c
Fig. 14.10a–c Case example: reduction and anterior  xation. This middle-aged woman presented following a fall with a severe C6 (ASIA B) spinal 
cord injury. (a) Sagit tal and (b) parasagit tal CT images demonstrate the facet subluxation injury and fracture. (c) She was brought directly to the 
operating room where traction was applied, almost completely reducing the subluxation.
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Positioning (Fig. 14.11)

Figure Procedural Steps Pearls

Fig. 14.11 The patient is positioned 
supine with the neck in a 
neutral position.

•  Gardner Wells tongs may be placed if desired for intraoperative axial traction. 
Removal of immobilization devices should be performed by a trained member of 
the surgical team who is responsible for maintaining a neutral alignment.
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Opening (Fig. 14.12)

Figure Procedural Steps Pearls

Fig. 14.12 An incision along the contour of the skin of the neck is made. 
The dissection is carried dow n to the platysma w ith monopolar 
electrocautery. The platysma is then divided sharply along its 
 bers using Metzenbaum scissors.

•  The incision typically is two-thirds anterior to 
and one-third posterior to the anterior border 
of the sternocleidomastoid muscle.
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Exposure of the Spinal Column (Fig. 14.13)

Figure Procedural Steps Pearls

Fig. 14.13 With the carotid sheath and its contents retracted laterally and 
the trachea and esophagus medially, the prevertebral fascia and 
longus colli muscles can be seen overlying the bony elements of 
the cervical spine.

•  The space between the carotid sheath is a 
potential space that can be created using 
blunt  nger dissection.
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Exposure of the Vertebral Bodies and Intervertebral Disks (Fig. 14.14)

Figure Procedural Steps Pearls

Fig. 14.14 The appropriate level is identi ed by intraoperative 
X-ray. The longus colli are elevated and retracted 
laterally so that the uncovertebral joints are exposed 
bilaterally. Self-retaining retractors are inserted to 
a ord continuous exposure of the spinal column.

•  The transverse processes lie along the superior border of 
each vertebral column so that injury to the vertebral artery 
is prevented here. The opposite is true at the inferior 
aspects of the vertebral bodies and care should be taken to 
avoid indiscriminate use of monopolar electrocautery.
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Diskectomy (Fig. 14.15)

Figure Procedural Steps

Fig. 14.15 The intervertebral disk and the posterior longitudinal ligament are removed using Kerrison punches and pituitary 
instruments, resulting in exposure of the spinal cord dura.
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Reduction (if necessary) (Fig. 14.16)

Figure Procedural Steps

Fig. 14.16 Caspar pins are placed into the vertebral bodies and distraction and hyper exion is applied using either the Caspar 
pin appliers or pliers. Usually, the facet reduction is palpable and the vertebral bodies are then allowed to return 
to an anatomic position. Fluoroscopy or a lateral radiograph is used to check alignment prior to graft placement.
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Graft Placement and Fusion (Fig. 14.17a, b)

Figure Procedural Steps Pearls

Fig. 14.17 (a) The vertebral endplates are decorticated. (b) A tricortical graft is 
then  tted in the intervertebral space. The graft should be recessed 
below  the anterior cortical margin to avoid migration of the graft.

•  Care must be taken to avoid overdistraction 
due to an oversized graft.

a b
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Plating (Fig. 14.18)

Figure Procedural Steps Pearls

Fig. 14.18 An appropriate size plate is placed in the midline of the 
vertebral column and a xed using unicortical screws.

 •  The screws are directed medially and either superiorly 
or inferiorly into the superior and inferior vertebral body, 
respectively.
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Radiographic
• A postoperat ive CT scan m ay be obtained to evaluate the 

placem ent of the screws and the extent  of reduct ion .
• Pat ients are followed on an  outpat ient  basis w ith  anteropos-

terior and lateral plain   lm s of the cervical spine at  1 m onth , 
3 m onths, and 6 m onths for evaluat ion  of the extent of fu-
sion . Fig. 14.19  shows  nal const ruct  of posterior approach 
and Fig. 14.20  shows  nal const ruct  of anterior approach.

Further Management
• It  is our pract ice to rem ove drains w hen the output drops be-

low  100 m L in  a sh ift .
• Skin  sutures/staples that  are not absorbable are rem oved 

2 weeks postoperat ively.

Special Considerations
It  is important  to consider the extent of the injury in  choosing an  
operat ion. While closed reduct ion followed by external im m o-
bilizat ion is overall a safe m odalit y that  can be perform ed at  the 
bedside,4,20,21 it  is generally m ost successful in  injuries lim ited to 
the osseous components of the spine.20,21 In  general, facet  dislo-
cat ion involves the ligam entous st ructures of the spine in  addi-
t ion  to the osseous elem ents. Therefore, internal  xat ion is usu-
ally felt  to be m ore appropriate. The choice of approach is m ore 
debatable. Posterior fusion has been thoroughly studied and 
found to be appropriate for cervical facet dislocat ions.22,23 Both  
anterior and posterior approaches have been successful, but  the 
guidelines adopted by the Am erican Associat ion of Neurologi-
cal Surgery and the Congress of Neurological Surgeons favor the 
posterior approach w ith  som e type of lateral m ass  xat ion.12

The quest ion  of im aging for evaluat ion of vertebral ar tery in-
jury is one of signi cant  cont roversy. A 2006 m eta-analysis24 
found the incidence of vertebral ar tery injury (VAI) in  facet  
dislocat ion  w ith  or w ithout  associated fracture to be 21 to 75% 
(m ean, 35%). VAI was m ore likely to occur in  unilateral rather 
than bilateral facet  dislocat ions. Due to signi cant collateral 
 ow, only 12 to 20% of the VAIs ident i ed were sym ptom at ic. 
The 2002 guidelines,25 in  a statem ent regarding VAI, recom -
m ended against  ant icoagulat ion  for asym ptom at ic pat ients as 
the inherent r isk of ant icoagulat ion  itself was roughly equiva-
lent  to the risk of st roke inherent  to a VAI. The 2013 guidelines26 
supports CT angiography in  select  pat ients m eet ing clin ical 
(symptom s and signs) and radiographic criteria.  In  addit ion , 
t reatm ent  decision for VAI (ant icoagulat ion , ant iplatelet  ther-
apy, observat ion) should be based upon clin ical circum stances. 
The quest ion  then is w hether to im age the pat ient  in  order to 
detect  these injuries. In  follow ing the guidelines, if the pat ient 
is asymptom at ic, vascular studies to ident ify asym ptom at ic in-
juries are not  necessary as they would not  change m anagem ent . 
If there are  im aging studies planned for other reasons, consid-
erat ion  can be given to im aging of the ver tebral ar ter ies.

Closing
Anterior
• Ret ract ion  is rem oved slow ly w ith  all points of bleeding 

 coagulated using bipolar elect rocautery.
• The platysm a is closed using 2-0 absorbable braided sutures. 

The purpose is reapproxim at ion and does not have to be 
 water-t ight .

• Dead-space closure of the subcutaneous t issue w ith  2-0 ab-
sorbable braided sutures is opt ional.

• Closure of the deep derm is is completed using 3-0 absorbable 
braided sutures.

• The skin  m ay be closed using a subcut icular st itch , t ypically 
4-0 braided or m ono lam ent absorbable suture, a layer of 
  brin  glue, or a com binat ion  of the two.

Postoperative Management
Monitoring
• Pat ients w ith  severe neurologic injuries are adm it ted to the 

ICU for aggressive blood pressure m onitoring w ith  the in tent  
to m aintain  at  least  a “norm al” m ean ar terial pressure. Pa-
t ients w ith  severe injuries frequently require  uid and pres-
sor support  to m aintain  m ean ar ter ial pressures of at  least  
85 to 90 m m  Hg.19 Pulm onary care as well as recognit ion  of 
associated m edical issues is facilitated by ICU placem ent .

• Pat ients w ith  no neurologic de cits w ith  uncom plicated pro-
cedures m ay be adm it ted to a general care  oor w here m oni-
toring is rout ine and m ost com m only related to the t reatm ent  
of injury-related and postoperat ive discom fort .

Medication
Pain Management
• Acetam inophen 1000 m g by m outh  (PO) three t im es a day
• Oxycodone 5 to 15m g (up to 20 m g) PO every 3 to 4 hours as 

needed
• Gabapent in  300 m g (up to 900 m g) PO three t im es a day
• Diazepam  5 to 10 m g PO every 6 hours as needed for m uscle 

spasm s (opt ional)
• Longer act ing oxycodone 10 m g PO tw ice a day (increase as 

needed)
• Narcot ics and gabapent in  are weaned as rapidly as possible.

Other
• All nonsteroidal ant i-in  am m atory drugs are avoided for at  

least  3 m onths.
• Prochlorperazine and droperidol are avoided if possible due 

to their sedat ing e ects w hile the pat ients are requiring sig-
ni cant  doses of pain  m edicat ions.
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Fig. 14.19a, b Postoperative images of patient depicted in Fig. 14.1. 
(a) Once stabilized, he was brought to the operating room for an open 
posterior reduction and (b) stabilization using lateral mass screws in the 
mid cervical spine and pedicle screws in C7 and T1.

a

a

Fig. 14.20 Postoperative image of patient in Fig. 14.10. An anterior 
cervical diskectomy and fusion were performed with completion of the 
reduction achieved through direct manipulation of the vertebral bodies 
using vertebral pins. Plate  xation provided immediate stabilization and 
she was discharged to rehabilitation in a collar for 6 weeks.
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15 Classi cation and Treatment of 
 Thoracic Fractures
Joseph Hsieh, Doniel Drazin, Michael Turner, Ali Shirzadi, Kee Kim , and J. Patrick Johnson

Facets
• The ar t icular processes arise from  the superior and inferior 

lam inar surfaces.
• From  T1 to T10, the thoracic facets are oriented coronally. This 

m inim izes anterior t ranslat ion during  exion. From  T11 to T12, 
the facets have an oblique sagit tal orientat ion to lim it rotat ion.

• The coronal facet  or ientat ion  of the upper thoracic spine al-
lows for rotat ion  around the craniocaudal axis (75 degrees of 
rotat ion  to each side) w ith  the greatest  rotat ion  at  T8-T9.8 In  
contrast , lum bar spine rotat ion  is lim ited by the orientat ion  
of the facets and anterior annulus to only 10 degrees.

Ribs
• The m ost  dist inguishing features of the thoracic spine are the 

ribs and their two vertebral ar t iculat ions. Speci cally, the 
rib heads ar t iculate w ith  the vertebrae and the disk. The rib 
 tubercle ar t iculates w ith  the t ransverse process at  the costo-
t ransverse ar t iculat ion .

• Dem ifacets above and below the disk art iculate w ith the head of 
the rib to form  the costovertebral joint (a synovial joint divided 
by an intraart icular ligam ent into two separate compartm ents).

• Overall, the rib cage provides the thoracic spine w ith  two to 
three t im es the load bearing capacity before instability relat ive 
to other spine segm ents. Sagit tal and lateral  exion- extension 
are also stabilized. Therefore, high m echanical  forces m ust oc-
cur to cause thoracic vertebral injuries— often  w ith  concur-
rent injuries to the chest , cervical spine, and head.9

• The radiate and costot ransverse ligam ents bind the ribs to 
their ver tebrae addit ionally and provide stabilizat ion .10

Spinal Cord
• The thoracic canal is narrowed w ith  less free space for the 

spinal cord com pared to the cervical spine.
• The cent ral thoracic spine also has a lim ited blood supply, 

w ith  a lower threshold for vascular cord injury on kyphosis 
or com pression than the lum bar spine.

• Spinal cord injury to the upper thoracic spine can have dev-
astat ing sequelae w hile root injury in  the thoracic spine is far 
less funct ionally relevant  than in  the lum bar spine.

Evaluation and Diagnosis
In it ial evaluat ion  of t raum a involves assessm ent  for serious 
life-threatening injuries w ith  rapid resuscitat ion  as necessary. 

Introduction
Thoracic fractures in  healthy individuals are uncom m on due 
to the stabilizing e ect  of the rib cage. However, h igh  energy 
t raum a and predisposing condit ions can increase the likeli-
hood of fracture.1 Although there is no ideal standard for clas-
si cat ion  of thoracolum bar (TL) injuries, the evolut ion  of the 
 three- colum n m odel of Dennis, the AO/Magerl com prehensive 
classi cat ion , and thoracolum bar injury severit y scale and 
score (TLISS)/thoracolum bar injury classi cat ion  and severit y 
score (TLICS) point  system  have provided signi cant  insight 
in to anatomy, m echanism  of injury, and the implicat ions and 
therapies for instabilit y.2–4 Mult iple surgical techniques address 
spinal instabilit y, but  the choice of surgery depends on the level 
of injury and anatomy.

Indications
The goal of thoracic spine fracture t reatm ent is prevent ing de-
form ity, providing stabilit y, and protect ing the neural elem ents. 
If conservat ive m anagem ent  is deem ed insu cient  to provide 
these goals, then surgical m anagem ent  should be considered. 
Surgery should be also considered as an  adjunct to hasten  re-
habilitat ion , shor ten  hospital stays, and par t icularly in  cases of 
m ult iple injury.

Anatomy
The thoracic spine is the longest  spine segm ent and a com m on 
site for t raum a, especially at  it s lower segm ents (T10-T12).5 The 
thoracic spine consists of 12 vertebrae w ith  a  physiologic ky-
phot ic curve due to wedging of the thoracic ver tebrae (a 2- to 
3-m m  di erence in  anterior and posterior height).6

Bony Structure
• The ver tebral bodies (VB) anteriorly are load bearing and the 

arches posteriorly resist  tension. The anteroposterior (AP) 
 diam eter of the VB increases from  T1 to T12, w hile the t rans-
verse diam eter decreases from  T1 to T3 and then increases 
to T12.7

• The VB sides are concave and the lam inae are broad and 
heavily overlapped. The pedicles project  from  the superior 
VB posteriorly. The lam inae extend dorsom edially from  the 
pedicles to fuse and form  the dorsal wall of the spinal canal.
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Indications for Surgical 
 Management
• Surgical decom pression is indicated w hen there is neural 

compression  w ith  worsening neurologic de cit , w hich  m ay 
include worsening myelopathy or radiculopathy.1

 ◦  In  cases w here the injury is com plete, ASIA A, surgery w ill 
likely not  result  in  neurologic improvem ent; however, sta-
bilizat ion  of the spine m ay be bene cial in  facilitat ing reha-
bilitat ion  and pat ient  t ransfers.

• Surgical stabilizat ion  is indicated for worsening neurologic 
de cit , disrupted posterior ligam entous complex (PLC), dis-
locat ion  of the thoracic spine, failure to obtain  or m aintain  
correct ion  by nonsurgical m eans, unacceptable deform ity, 
and in tolerance to nonsurgical m anagem ent .
 ◦  Denis described a three-colum n m odel of the spine.2 Many 
believe that  m echanical instabilit y results from  disrupt ion 
of two or three of the three colum ns.

 ◦  The TLICS/TLISS provides guidelines for w hen surgical in -
tervent ion  is warranted. 4

• While a compression fracture of the anterior colum n m ay be 
m echanically stable in  the short  term , signi cant  kyphosis or 
VB collapse m ay lead to progressive deform ity over t im e.
 ◦  Cohen et  al recom m end operat ive reduct ion  and fusion 
for any neurologic dysfunct ion  that  m eets the follow ing 
criteria16:

 ▪  If any of the com pressed vertebrae wedge fractures m ea-
sure over 40% in  a young or m iddle aged adult
 ▪  If the compression percentages for the adjacent ver tebral 
wedge fractures com bine to greater than 50%
 ▪  Acute kyphosis is present

 ◦  Munt ing recom m ends surgery w hen signi cant  pain  com -
bined w ith  altered funct ion is reported for a post t raum at ic 
deform ity exceeding 20 degrees of sagit tal index.17

 ▪  Pain  is often  located about  the apex of the deform ity. 
This kyphot ic deform ity m ay lead to compensatory hy-
perlordosis in  the lum bar spine and/or hypokyphosis or 
even lordosis in  the thoracic spine above the lesion and 
cause painful m uscle spasm .
 ▪  Other indicators for surgery include inabilit y to m aintain  
st raight vision  due to severe kyphosis, pseudoar throsis, 
disk degenerat ion , progressive neurologic de cit , and 
cosm esis.

Preprocedure Consideration
Radiographic Imaging
Correct diagnosis w ith physical exam  m ay be di cult , part icularly 
in patients w ith altered m ental status, patients who are intubated 
or sedated, and patients w ith m ultiple pelvis or lim b fractures. 
Init ial im aging (plain radiography or CT) is crucial in these cases.

Plain Radiography
• AP and lateral plain  X-rays of the thoracic and lum bar spine 

allow  the physician  to count the num ber of r ib- bearing verte-
brae and the num ber of lum bar vertebrae to ensure  accuracy 

Spinal injury, w hile com m on in  m ult iple-system  t raum a, is fre-
quently unrecognized.11

Physical Spine Examination
• A thorough spine exam inat ion  is cr it ical in  the in it ial com pre-

hensive t raum a evaluat ion .
• Direct  exam inat ion  includes visual inspect ion  and palpat ion  

of all spinal segm ents.
• A step -o , localized tenderness, or a soft  spot (from  lac-

erat ion , swelling, or ecchym osis) m ay be the only sign  of 
 instabilit y.

• Soft-t issue t raum a to the chest  or abdom en m ay suggest  a 
seat-belt  injury w ith  a TL  exion-dist ract ion  injury.

Neurologic Examination
• Neurologic exam  should include m otor st rength , sensory 

funct ion , and re exes.
• If spinal cord injury is suspected, serial exam s are necessary 

as the neurologic exam  m ay change, especially in  set t ings of 
instabilit y.

• Grading by the Am erican Spinal Injury Associat ion  (ASIA) Im -
pairm ent  Scale docum ents the level and severit y of the spinal 
cord injury.

• A repeat  evaluat ion  should be perform ed if in it ial evaluat ion  
is inadequate.

• Pat ients w ith  spinal cord injury should be tested for perianal 
sensat ion , rectal tone, and bulbocavernosus re ex. Any suspi-
cious  ndings warrant  im aging.

• Spine precaut ions should rem ain  in  place unt il spinal t raum a 
is excluded.

• Spinal fractures are m issed frequently in  set t ings of m ult iple 
injuries.12–15

Indications for Conservative 
 Management
• Conservat ive m anagem ent  should be considered anyt im e 

a pat ient  can  m aintain  alignm ent  and neurologic stabil-
it y w ithout surgery.1 Stable fractures such as uncom plicated 
compression fractures m ay not  require bracing as the r ib cage 
and sternum  but t ress the spine.

Orthoses
• If support  is needed, com pression fractures are rout inely 

 t reated w ith  an  orthosis often  w ith inclusion of the cervical 
spine. Cervical support  could include a m andible, occipital 
pads, or halo ring and m ay consist  of a cervicothoracic  or thosis 
(CTO) or cervicothoracolum bosacral or thosis (CTLSO).

• Orthoses and casts should be used w ith  caut ion
 ◦  Sensory de cits m ay lead to wound breakdow n due to 
pressure ulcerat ions from  an orthosis. Skin  contact  should 
be checked frequently and rout inely. Em aciated pat ients 
w ith  poor soft  t issue padding are especially at  r isk.

 ◦  Orthoses and casts m aybe di cult  for pat ients to rem ove 
and the  t  m ay need to be adjusted over t im e.
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of surgical planning. Care should be taken to  evaluate for 
possible anatom ic variants (e.g., cervical r ibs or lum barized 
sacral ver tebrae). However, the upper thoracic colum n is 
poorly visualized on plain  radiography.

Computed Tomography
• Modern computed tom ography (CT) allows rapid characteriza-

tion of spinal fracture m orphology and provides critical detail 
in the acute and therapeutic setting.1 In a study by Sm ith et al, 
nonreconstructed CT detected TL fractures m ore accurately than 
plain radiographs and is recomm ended for diagnosis of TL frac-
tures in acute traum a for patients w ith altered mental status.18

• Inform at ion includes canal narrow ing due to ret ropulsed 
fragm ents, bet ter evaluat ion  of unstable rotat ional injuries, 
and indirect  assessm ent  of ligam entous and disk injuries.

• Facet  dislocat ion  and posterior in terspinous w idening due to 
dist ract ion  m ay dem onst rate a “naked facet  sign .”

• CT myelogram  m ay dem onstrate areas of com pression of the 
thecal sac.

Magnetic Resonance Imaging
• Magnet ic resonance im aging (MRI) dem onst rates associated 

soft  t issue injury that  w ill not  be visible on  the CT.
• Occasionally decom pression of the spinal cord from  these 

soft  t issue elem ents w ill be indicated even for fractures that  
appear to be stable on  CT.

• If the fracture appears to be associated w ith  som e pathology, 
then it  m ay be helpful to include enhanced im ages in  the MRI 
to determ ine if the bone appears to have an  associated infec-
t ion  or tum or.

Medication
• Steroids have had waxing and waning popularit y in  the set-

t ing of acute spinal cord injury. If there is a neurologic injury, 
som e reports have indicated that  h igh  dose m ethylpredniso-
lone has given som e bene t .19 However, these in it ial repor ts 
has not been replicated, and the risk to the pat ient  concom i-
tant  w ith  steroid use including life-threatening infect ions is 
not  inconsiderable.20 Recent  guidelines have recom m ended 
against  their use.21

• Ant ibiot ics: If the pat ient  has an  associated infect ion , it  m ay 
be bene cial to obtain  a specim en for culture pr ior to star t ing 
ant ibiot ics. Otherw ise standard preoperat ive ant ibiot ics are 
used, t ypically cefazolin .

Operative Management
Guidelines for Management
• There is no consensus on the best  t reatm ent  for TL spine 

injuries. As a rule of thum b, poster ior decompression 
(e.g., lam inectomy) m ay be e ect ive for poster ior spinal cord 
com pression in  a stable spine. However, lam inectomy w ith-
out inst rum entat ion  m ay destabilize a spine that  already has 
dam age to another colum n and therefore is inappropriate 
w henever stabilit y is in  quest ion . For anterior compression, 

t ypically anterior approach is preferred w ith  considerat ion  of 
anatom ic lim itat ions.

• McAfee et  al provided one of the earliest  general t reatm ent  
guidelines based on speci c injury pat terns.22

 ◦  Com pression fracture: observat ion  w ith  follow -up or pre-
fabricated brace im m obilizat ion  for 12 weeks

 ◦  Stable burst: custom   t t ing orthosis or cast  im m obilizat ion  
for 12 weeks. L4 and above: TLSO; L5: HTLSO; if kyphosis 
.  15 degrees, hyperextension cast .

 ◦  Unstable burst: surgical decom pression and stabilizat ion  
(approach cont roversial). Consider em ergent  posterior 
shor t-segm ent  decom pression and fusion (w ith  external 
im m obilizat ion  in  a custom  TLSO for 12 weeks), and de-
layed anterior decom pression and fusion if the pat ient  has 
neurologic de cit  and residual cord/root  com pression.

 ◦  Flexion-dist ract ion  (and Chance injury): consider hyper-
extension cast  for a purely osseous injury w ith  no associ-
ated neurologic de cit . Consider posterior shor t-segm ent 
stabilizat ion  and fusion for associated neurologic injury 
or abdom inal injury or w hen spine injury is prim arily 
 ligam entous.

 ◦  Fracture-dislocat ion: posterior long-segm ent  surgical sta-
bilizat ion  w ith  pedicle screw   xat ion  two to three levels 
above and below  the injury w ith  local bone graft  fusion.

• In  the 1990s, the  rst  m ult icen ter study (MCSI) of the Spine 
Study Group  of the Germ an  Associat ion  of Traum a Surgery 
showed lim itat ions for isolated  poster ior in st rum en t  and 
fusion  techn iques in  cases w ith  a com prom ised an ter ior 
colum n.

• Since then, operat ive approaches and adjuncts have advanced 
considerably to include endoscopic and m inim ally invasive 
surgery—advances in  in terbody support  and in t raoperat ive 
navigat ion .

• The second m ult icenter study (MCSII) of the Spine Study 
Group of the Germ an Associat ion  of Traum a Surgery re-
viewed t raum at ic TL (T1-L5) injuries as an  update to MCSI. Of 
733 pat ients w ith  acute TL injuries t reated surgically23:
 ◦  380 (51.8%) pat ients were operated on by posterior stabili-
zat ion  and inst rum entat ion  alone

 ◦  34 (4.6%) had an  anterior procedure alone
 ◦  319 (43.5%) had com bined posteroanterior procedures.
 ◦  Overall they found:

 ▪  Shor t  angular stable im plant  system s have replaced con-
vent ional nonangular stabilizat ion  system s.
 ▪  Post t raum at ic deform ity was restored best  w ith  com -
bined posteroanterior surgery.
 ▪  Di erent surgical approaches did not  have a signi cant 
in  uence on neurologic recovery on 2-year follow -up.
 ▪  Five percent of all pat ients required revision surgery for 
perioperat ive com plicat ions.

• The m ost  com m on surgical in tervent ions for thoracic injuries 
are described below.

Operative Field Preparation
Positioning
• The pat ient  is in tubated supine and then posit ioned carefully 

as needed.
• Pressure points are padded.
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• In t raoperat ive m onitoring including som atosensory evoked 
potent ials (SSEP) and m otor evoked potent ials should be 
 considered.

Localization
• Im aging and physical exam  review  is cr it ical to determ ine 

the surgical levels. Preoperat ive im aging m ay include local-
izat ion  using cross table lateral plain   lm s w ith  a radiopaque 
m arker.

Prior to Incision
• The skin  is prepped in  sterile fashion and the incision is in  l-

t rated w ith  lidocaine 1% w ith  epinephrine 1:100,000

Approaches
Surgical approaches to the thoracic spine can be divided in to 
posterior, posterolateral, and anterior. These approaches can 
also be com bined in  the sam e procedure or staged. Ult im ately, 
the approach w ill depend on the pathology, locat ion , spinal 
cord com pression , instabilit y, and m edical condit ion .

Posterior Approach
Poster ior approaches to the thoracic sp ine are the m ain-
stay of sp ine procedures. The ideal pathology for these ap -
proaches is generally poster ior to the sp inal cord . The m ost  
com m on poster ior approach  (lam inectom y w ith  or w ithout  
inst rum entat ion) is used com m only for radiculom yelopathy 
from  thoracic d isk hern iat ion , spondylosis, and t raum a w ith  
st able sp ine along w ith  som e tum ors and in fect ion . However, 
it  is d i cu lt  to  access ven t ral pathology w ithout  r isk of sp inal 
cord injury.

These approaches can be tailored for access to a region of in -
terest  from  directly m idline to the spinal canal (e.g., lam inec-
tomy) to further posterolateral in  at tem pts to reach anterior 
to the  canal (e.g., t ranspedicular, costot ransversectomy, lateral 
 ext racavitary approaches).

Posterolateral Approaches to the 
 Anterior Thoracic Spine
Posterolateral approaches to the anterior thoracic spine  include 
the transpedicular, costotransversectomy, and posterolateral ex-
tracavitary. These provide progressively greater visualization of the 
anterior spine as exposure extends farther laterally from  midline 
with greater dissection of the ribs. The transpedicular corpectomy 
is the easiest progression from  the direct m idline approach and is 
illustrated here. It avoids surgical m orbidity of anterior exposure 
while providing relatively good access to the anterolateral spinal 
cord and m ay be perform ed in com bination to lam inectomy. The 
costotransversectomy utilizes a m idline or param edian incision  
and involves complete removal of the rib head and transverse pro-
cess and provides greater visualization for partial vertebrectomy. 
The lateral extracavitary approach utilizes a hockey stick postero-
lateral incision w ithout violating the chest cavity and provides 
good  visualization and decompression of the anterior thecal sac. 
These approaches are discussed in Special Considerations

Anterior Approach: Thoracotomy
Anterior exposure to the thoracic spine is often crit ical in traum a. 
Anterior exposure m akes it far easier to perform  m ultilevel de-
compression and stabilization through a single approach w ith  
possibility of anterior stabilization. For fractures involving the an-
terior elem ents of T1 or T2, an anterior approach can be used that  
is sim ilar to an anterior cervical corpectomy and fusion. However, 
T3-T5 cannot be reached e ectively from  the front unless the chest  
is opened by perform ing a m anubrial resection or  sternotomy and 
are often best accessed through a transthoracic approach.

Transthoracic approaches (e.g., thoracotomy and thoracos-
copy) provide several bene ts in  com parison to poster ior or 
posterolateral approaches. A t ransthoracic approach provides 
opt im al exposure of the anterior dura and poster ior longitudi-
nal ligam ent . However, the t radeo  includes reduced exposure 
to the posterior spine. There are also associated com plicat ions 
including pneum othorax, pulm onary contusion, pneum onia, 
pleural e usion, empyem a, and possible need for an  access 
surgeon. While thoracotomy is the m ainstay, thoracoscopy has 
becom e increasingly an  opt ion.
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c

a  b

Operative Procedure
Posterior Approach (Fig. 15.1a–c and Fig. 15.2)

Fig. 15.1a–b Twenty-six-year-old man involved 
in an all-terrain vehicle accident. CT showed a 
T10-T11 fracture-dislocation with signi cant 
angulation of the thoracic spine. The spinous 
process of T10 is (a) fractured along with 
(b) dislocated and (c) jumped facets.
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Fig. 15.2 MRI in same patient showed narrowing of the spinal canal with cord compression at that level. Fortunately, 
the patient was moving his lower extremities.
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Figure Procedural Steps Pearls

Fig. 15.3 The patient is positioned prone on a radiolucent 
table w ith chest bolsters. Pressure points are 
padded. The level of surgery is determined and a 
posterior midline incision is planned. The surgical 
 eld is prepped and draped.

•  Positioning can lead to deterioration of the patient. In patients 
with severe stenosis or instability, it  is helpful to obtain baseline 
SSEP prior to positioning. Surface electrodes are placed on the 
patient in the preoperative area to save time during patient 
positioning. Needle electrodes are placed after anesthesia is 
induced. Baseline is run in the room after anesthesia is induced 
for comparison after the patient is positioned and throughout 
the case.

•  The level is determined anatomically and marked by taping a 
paperclip to the chest wall at the surgical level. A cross table 
lateral plain X-ray is taken and the surgical site marked. It  is 
optimal to count from the top and bot tom if possible. Prep a large 
area rostrally and caudally to allow for extension of the incision 
and to allow drain placement.

Positioning and Localization (Fig. 15.3)
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Skin, Subcutaneous, and Subperiosteal  Dissection (Fig. 15.4)

Figure Procedural Steps Pearls

Fig. 15.4 The skin is in ltrated w ith lidocaine and the incision is opened w ith a no. 10 blade 
to the subcutaneous tissue. Hemostasis is obtained w ith monopolar cautery. 
The subcutaneous tissue is dissected dow n to the fascia w ith monopolar cautery. 
Cerebellar retractors are used at this point to re ect the tissue. The bone of the 
spinous process is palpated and a subperiosteal dissection is made by cutting 
the muscular and tendinous attachments directly o  the bone. Dissection should 
continue dow n, follow ing the lamina, and out laterally to the beginning of the facet 
complex. If there is signi cant bleeding then it may be more e ective to sw itch to 
bipolar cautery to achieve hemostasis. The levels are veri ed by placing two metal 
instruments in the incision such that the tips mark the rostral and caudal extent of 
the anticipated bony dissection. A cross-table plain X-ray or  uoroscopic image is 
taken to verify the correct level of surgery.

•  A cell salvage machine, if 
available, should be utilized.

•  Care must be taken to 
prevent the monopolar 
cautery from slipping though 
the interlaminar space.
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Spinous Process Removal (Fig. 15.5)

Figure Procedural Steps

Fig. 15.5 The interspinous ligament can be cut using monopolar cautery or scissors allow ing removal of the spinous process 
w ith a Horsley.
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Figure Procedural Steps Pearls

Fig. 15.6 Using a high speed drill, the lamina is thinned to a layer of cortical bone 
over the ligamentum  avum. The bone can then easily be removed 
with a 2-mm Kerrison punch. Hemostasis should be achieved by 
application of bone wax to the bleeding cut surface of the bone.

•  Take care to avoid downward pressure 
with the Kerrison.

Laminectomy, if Indicated (Fig. 15.6)
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Removal of Ligament (Fig. 15.7)

Figure Procedural Steps Pearls

Fig. 15.7 Once the laminectomy has extended anteriorly beyond the 
attachment of the ligamentum  avum, it is easy to elevate away 
from the thecal sac and remove w ith a Kerrison punch. Removal 
of the ligament will likely result in bleeding of epidural veins. 
If these are visible, these can be cauterized w ith bipolar cautery. 
Remove any remaining bone and ligament in the lateral recess 
(1). Probe the foramen with a ball probe or Woodson to make 
sure that the nerve roots are not severely compressed (2).

•  Decrease the strength of the bipolar cautery 
prior to using the instrument near the thecal sac.

•  For hemostasis, apply bone wax to bleeding 
bone, and then apply a line of gelatin-thrombin 
matrix down the length of each gut ter. Cover 
with a pat tie and wait a few minutes to allow 
clot formation. Wash out the excess and repeat 
as needed.
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Thoracic Pedicle Screw  Entry Point (Fig. 15.8)

Figure Procedural Steps Pearls

Fig. 15.8 Start the entry point with an aw l or high speed drill. Use 
 uoroscopy to verify position. Insert the pedicle  nder 
through the cancellous bone of the pedicle (1). Use 
 uoroscopy to verify position. Using a  ne ball tipped probe, 
feel all four sides and the bottom of the hole to make sure 
that there is no breach (2).

•  Screw entry point di ers at each level but is generally 
toward the medial anterior quadrant of the facet 
complex. The pedicle  nder generally has a slight 
curve to it  and should be facing outward initially, 
and then turned inward when the vertebral body 
is reached.
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Screw Placement (Fig. 15.9)

Figure Procedural Steps

Fig. 15.9 Tap the hole w ith the appropriate sized tap (1). Insert the screw  into the hole (2). Use  uoroscopy to verify position.
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Figure Procedural Steps

Fig. 15.10 When all pedicle screw s have been placed, insert a malleable temporary rod through the polyaxial screw  heads to 
determine the shape and length of the rod. Cut the rod to the appropriate size, and bend it to  t. Fit the rod though 
the screw  heads and a x screw  caps. When the rod  ts and all screw  caps are in place, use the  nal tightener to 
lock the screw  caps dow n.

Rod Placement (Fig. 15.10)
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a  b

Posterolateral Approach:  Transpedicular Corpectomy (Fig. 15.11)

Fig. 15.11 Sagit tal CT reconstructions of an 18-year-old woman who was involved in a motorcycle accident, sustaining thoracic fracture 
demonstrating (a) T6 and (b) T10 burst  fractures with kyphotic angulation. (a) In addition, at the T5-6 level she had a fracture-dislocation with T5 
laminar and spinous process fractures. The patient was able to move her lower extremities with some sensation. However, due to the fact that she 
had grossly unstable spine, she was kept on bedrest until surgical stabilization could be performed.
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Removal of Facet  Complex (Fig. 15.12)

Figure Procedural Steps Pearls

Fig. 15.12 After pedicle screw  placement, a single rod contralateral to the side of 
surgical approach is placed to stabilize the spine during the corpectomy. 
The muscular and tendinous attachments need to be removed w ider than 
w ith a laminectomy. Remove tissue using monopolar cautery out to the 
edge of the facet complex and rib head.

•  Prior to performing the corpectomy, 
the spine will need to be stabilized 
to prevent stretching, torque, or 
translocation.
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Drill (Fig. 15.13)

Figure Procedural Steps

Fig. 15.13 Using a high speed drill, remove the facet complex, lamina, pars interarticularis, and pedicle on the side of the 
chosen approach. The neurovascular complex is ligated. The exposure should be from the pedicle of the level above 
to the pedicle of the level below.
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Corpectomy and Diskectomy (Fig. 15.14)

Figure Procedural Steps Pearls

Fig. 15.14 The corpectomy is done with a combination of drilling and using the Kerrison 
rongeur (1). Use curette to scrape disk material o  the endplate (2). Remove 
the disk w ith a pituitary.

•  Use  uoroscopy to check depth 
often so as not to overshoot the 
depth of the vertebral body.
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Rib Head Trap Door Osteotomy (Fig. 15.15)

Figure Procedural Steps Pearls

Fig. 15.15 Partially cut through the rib head until the deep surface 
becomes thin enough to bend. When this is achieved, 
the spacer can be slid past the rib head for placement. 
Size the distance from the rostral to caudal endplates of 
the levels above and below. Then insert the spacer lateral 
to the thecal sac taking care not to put any pressure on 
the cord.

•  Expandable titanium cages, nonexpendable graft, 
cadaveric femur, and other implants are all possibilit ies 
following corpectomy. Regardless of option, fusion across 
a corpectomy is often hindered by the long distances that 
the fusion needs to occur. Therefore, additional measures 
must be taken to ensure adequate stabilization.
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Pedicle Screws (Fig. 15.16)

Figure Procedural Steps

Fig. 15.16 Insert the remaining pedicle screws on the operative side then  t and lock in a second rod.

TH_Ullman_CH15.indd   256 3/19/15   9:09 PM



15 Classi cat ion and Treatment  of Thoracic Fractures

257

Anterior Approach:  Transthoracic Vertebrectomy (Fig. 15.17a, b)

a  b
Fig. 15.17 (a) Sagit tal CT and (b) MRI images of a 38-year-old man who was riding on a monster truck at a rally when he crashed, sustaining a T12 
burst fracture with spinal cord injury. The imaging shows retropulsion of the T12 vertebral body with approximately 50% canal compromise with a 
conus injury and cord signal changes. There was also associated kyphotic deformity.
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Transthoracic Vertebrectomy
Positioning and Approach Planning (Fig. 15.18)

Figure Procedural Steps Pearls

Fig. 15.18 The patient is positioned in the lateral 
decubitus position. An axillary role is placed 
to prevent injury to the brachial plexus. 
The dependent leg is bent forward and the 
upper leg is supported on pillow s. A dual 
lumen endotracheal tube is used so that 
the dependent lung is ventilated and the 
superior lung, ipsilateral to the lesion, is 
collapsed. A wide area is included in the prep 
to allow  exposure of the entire thoracic spine 
and ipsilateral rib cage. The table is elevated 
under the patient’s chest to spread the ribs 
on the ipsilateral side.

T1 to T4 can be approached anteriorly 
utilizing resection of the third rib. The 
incision w ill follow  the medial border of the 
scapula and extend caudally. The incision will 
end at the sternocostal junction of the third 
rib. For levels T5 to T9, the rib above the level 
to be operated on is removed. For levels T10 
to T12, the rib two levels above the level in 
question is removed.

•  The patient must be intubated with a double lumen endotracheal 
tube in order to allow single lung ventilation. This underscores the 
fact that the patient must be able to tolerate single lung ventilation 
for the procedure. If the patient has too many comorbidities, then this 
approach may be rejected over a posterior approach. If direct lateral 
mini thoracotomy with specialized retractors is utilized, single lumen 
ventilation will su ce.

•  Often the lesion will determine the laterality but in cases of midline 
lesions or lesions that span the entire vertebral body, the vascular 
anatomy may dictate the approach. The position of the aorta needs to 
be reviewed on CT to determine if it  will be in the way. The vena cava 
is typically midline and rarely a ects the choice of left  versus right. 
The aorta has a more variable position, but often surgery above T9 
is best approached from the right. Below T9 the left side is an easier 
approach as the liver pushes up on the diaphragm on the right.
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Dissection (Fig. 15.19)

Figure Procedural Steps

Fig. 15.19 The muscular layers are divided using electrocautery. The muscles transected are the trapezius, latissimus dorsi, 
then the rhomboids, and  nally serratus. The rib is identi ed, dissected free, and resected. The neurovascular 
bundle is identi ed, ligated, and cut.
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Vertebrectomy (Fig. 15.20)

Figure Procedural Steps Pearls

Fig. 15.20 The vertebral body is removed w ith the drill and Kerrison 
rongeurs. The disks above and below  are removed dow n 
the endplates. The thecal sac should be protected at all 
times if decompression is required.

•  Remember that from T1 to T9 the rib articulates with 
the vertebral bodies of the corresponding thoracic level 
and the level above. Below T9, the rib articulates with 
the same thoracic level.
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Fusion and Instrumentation (Fig. 15.21a, b)

Figure Procedural Steps

Fig. 15.21 (a) An appropriately sized spacer, either rib autograft, femoral allograft, or cage is inserted. (b) A plate and 
screws are placed to provide rigid  xation. 

a

b
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Closing
• Surgical wounds are closed in  layers.
• A drain is placed above the fascia to prevent hem atom a  form ation.
• The skin  is closed w ith  inverted 3-0 absorbable sutures fol-

lowed by benzoin  and adhesive st r ips. 
• Anterior procedures require wound closure around a chest  

tube to allow  drainage from  the pleural space. A chest  tube 
is placed under direct  visualizat ion . It  can  be placed directly 
on water seal if no leak is suspected. The wounds are closed. 
A postoperat ive chest  X-ray is obtained to check for pneum o-
thorax or hem othorax. The chest  tube can be rem oved w hen 
output is less than 100 m L/day.

Postoperative Management
• Pat ients should be followed closely postoperat ively w ith  neu-

rologic checks. The acuity of care w ill depend on the extent  
of the surgery and the extent  of neurologic com prom ise. 
Pat ients w ith  m ore extensive procedures that  are at  r isk for 
m ore extensive blood loss should be observed overnight in  
the in tensive care unit .

Medication
• Postoperat ive ant ibiot ics should be adm inistered for 24 hours 

or as long as the drain  is in  place.

Radiographic Imaging
• Postoperat ive  lm s should be obtained to visualize the 

const ruct  and the degree of realignm ent of the spine. This 
 allows com parison of the fusion const ruct  during follow-up 
(Figs. 15.22, 15.23, and 15.24).

• If the pat ient  has any new  sym ptom s or fails to im prove, then 
m ore detailed im aging is indicated such as MRI.

Further Management
• The pat ient  should have lim ited physical act ivit y w ith  no 

bending, lift ing, or tw ist ing unt il the fusion has had t im e for 
complet ion , best  visualized by postoperat ive X-ray or CT.

• After that  t im e, then  the pat ient  m ay bene t  from  physical 
therapy to regain  st rength .

a  b
Fig. 15.22a, b Postoperative (a) AP and (b) lateral radiographs of the patient depicted in Figs. 15.1 and 15.2 underwent open 
reduction and T9 to T12 arthrodesis instrumentation using pedicle screws, rods, and a cross connector with in situ autograft , 
cancellous allograft  90 mL, and demineralized bone matrix 20 mL. He was fully recovered at his 1-year postoperative visit .
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Fig. 15.23a, b (a) Lateral and (b) AP radiographs of open reduction procedure in patient depicted in Fig. 15.11. This procedure included 
anterior T6 and T10 corpectomies using two titanium cages packed with in situ autograft. Also performed were T5 laminectomy, 
T6-7 decompression laminotomies, and T3-T11 arthrodesis—instrumentation using sublaminar hooks, pedicle screws, rods, and 
cross links, supplemented with in situ autograft, demineralized bone matrix, and cancellous allografts.

a  b

ba
Fig. 15.24a, b Postoperative (a) sagit tal and (b) coronal images of the same patient depicted in Fig. 15.17. He underwent a minimally 
invasive transthoracic transdiaphragmatic exposure from T11 to L1 and T12 corpectomy and decompression on spinal cord. T11 to 
L1 arthrodesis instrumentation was performed using an expandable titanium cage packed with in situ autograft, rib strut autograft , 
and thoracolumbar plate with screws.
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Special Considerations
Posterolateral approaches such as the costot ransversectomy 
and lateral ext racavitary approaches provide greater exposure 
to the lateral por t ion  of the ver tebral canal and the anterolat-
eral port ion  of the thoracic vertebral bodies. Costot ransversec-
tomy m ay be used in  the rem oval of t raum at ic bone fragm ents 
or other foreign bodies in  t raum a and is useful in  cases w here 
a pat ient  m ay not tolerate a form al thoracotomy either due to 
age or pulm onary pathology. It  is less useful in  cases w here the 
anterior canal needs to be fully visualized or for other m idline 
pathology.

In  costot ransversectomy, the pat ient  m ay be placed prone, 
sem iprone, or in  m odi ed lateral decubitus posit ion . In tubat ion  
w ith  a double lum en–cu ed endotracheal tube is again  recom -
m ended as pneum othorax is a possibilit y. The approach should 
be on the side of the injury, or if m idline, on  the r ight  to avoid 
the ar tery of Adam kiew icz w hich usually originates on the left  
side between T8 to L2. The incision  is m idline (som et im es w ith  
a T) or param edian w ith  or w ithout a hockey st ick relaxing 
incision . If the incision  is param edian, the m uscles (t rapezius 
and lat issim us dorsi) are re ected m edially. Midline incisions 
require subperiosteal dissect ions. The r ibs to be rem oved are 
skeletonized subperiosteally. Entrance to a disk space requires 
exposure of the inferior r ib (e.g., T9-T10 disk space requires ex-
posure of the 10th  rib). The ar t iculat ions that  m ust  be  addressed 
include the superior and inferior costal facet  and t ransverse 
costal facet . The pleura is m obilized and re ected from  the un-
derside the rib and anterolateral posit ion  of the spine. The r ib 
of in terest  is then t ransected approxim ately 5 cm  from  the r ib 
head. The foram en can then be ident i ed by follow ing the neu-
rovascular bundle t ravelling on the inferior surface of the rib. 
The pedicles can then be ident i ed above and below  the fora-
m en w hich can be resected to visualize the lateral thecal sac. 
The pleural and in tercostal m uscles are bluntly dissected away 
from  the vertebral body. Bone from  the lateral ver tebral body 
or disk m ay be rem oved as required w ith  care not to dam age 
the radicular ar teries. Once the decompression or diskectomy 
is com plete, inst rum ented or noninst rum ented fusion m ay be 
considered based on pathology. Again , par t ial vertebrectomy 
m ay be achieved. Pleural tears are repaired if present and chest  
tubes are used if necessary.

The lateral ext racavit ar y approach  is a  m ore exten sive pos-
terolateral approach  w h ich  again  does not  violate  the  ch est  
cavit y. The pat ien t  is p laced  in  a p rone posit ion . A hockey 
st ick (m id lin e incision  cu r ved  45 degrees o  m id line for  6 to 
8 cm  in  th e  low er por t ion ) or  param edian  incision  (cen tered 
over  the  lateral parasp in al m uscles) can  be used . A p lane is 
developed  bet w een  the super  cial and  deep  parasp inal m us-
cles, an d  a m yocu taneous  ap  is lifted  o  to expose the  lat -
eral parasp inal m uscles an d  r ib  cage. The parasp inal m uscles 
are  then  m obilized  from  th e r ib  and  t ransverse  p rocess. Th e 
r ibs, ligam en tous at t ach m en t s, an d  associated  t ran sverse 
processes are  then  rem oved . Sim ilarly to above, the  n euro-
vascu lar  bun dle  is isolated  and  act s a  gu ide for  iden t i ca-
t ion  of the  respect ive foram en  and  pedicles. The rem ainder 
of exposure  is com pleted  sim ilarly to the  other  posterolateral 
techn iques.
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Thoracolumbar Fractures
Michael Y. Wang and Brian Hood16

Introduction
The t ransit ion  zone at  the thoracolum bar junct ion  di ers bio-
m echanically from  the st i  thoracic spine to the m obile lum -
bar spine. This zone of t ransit ion  is related to the loss of the 
rib cage as well as the changing orientat ion  of the facet  join ts. 
Because of these factors th is area is prone to t raum at ic injury 
and accounts for approxim ately up to 50% of all vertebral body 
fractures and up to 40% of all spinal cord injuries.1,2

Managem ent  of thoracolum bar fractures is a cont roversial 
topic in  con tem porary spine surgery. Early surgery for decom -
pression  and stabilizat ion  is generally accepted for pat ients 
w ith  clear instabilit y and an  incom plete neurologic injury. Ad-
vantages of surgery include a bet ter correct ion  of deform it y 
than closed reduct ion and bracing, an  opportun it y to perform  
direct  or indirect  decompression  of the neural elem ents, de-
creased requirem ent  for external im m obilizat ion , and fewer 
com plicat ions due to prolonged recum bency. The surgical 
t reatm ent is m ore controversial for pat ients w ith  m ild to m od-
erate deform ity, w ithout  neurologic de cit , and residual spi-
nal canal com prom ise, and the ideal solu t ion  rem ains largely 
unknow n.1,3–9

Classi cation
The m ost com m on fracture pat terns at  the thoracolum bar junc-
t ion  include com pression fractures, burst  fractures,  exion-dis-
t ract ion  injuries, and fracture-dislocat ions.

Denis Classi cation
Compression Fractures
Failure of the anter ior colum n in   exion/com pression
A: Failure of the superior and infer ior endplates
B:  Superior ver tebral endplate failure (m ost  com m on type of 

com pression fracture)
C: Infer ior ver tebral endplate failure
D:  Failure of the central vertebral body w ith  less involvem ent  

of the endplate

Burst Fractures
Compression failure of the anter ior and m iddle spinal colum ns
A: Failure of both  superior and inferior endplates
B:  Superior endplate failure only (m ost  com m on type of burst  

fracture)
C: Infer ior endplate failure only

D: Axial loading and rotat ional injury
E: Axial loading and lateral  exion

Flexion-Distraction
(Chance): Prim ary anterior force vector act ing along an  axis of 
rotat ion  located anter ior to m iddle colum n. The posterior and 
m iddle colum ns fail in  tension and the anterior colum n fails in  
tension or compression  depending on the axis of rotat ion .

Fracture-Dislocation
Results from  violent com plex shearing force and by de n it ion  
involves all three spinal colum ns. Highest  rate of complete neu-
rologic injury.

AO Thoracolumbar System 
(of Magerl)
De nes the m ajor m echanism  of spinal injury com pression (A), 
dist ract ion  (B), and torsion (C) to indicate increasing injury se-
verit y occurr ing w ith  increasing grade of injury. Three groups 
exist  w ith in  each type (A1, A2, A3) and each group is divided 
in to subgroups (A1.1, A1.2, A1.3). The classi cat ion  is based on 
m orphological cr iter ia. The categories are established accord-
ing to the m ain  m echanism  of injury, and take in  to consider-
at ion  the prognost ic aspects of potent ial healing. The t ypes are 
determ ined by the three m ost  important  m echanism s act ing 
on the spine: compression, dist ract ion , and axial torque. The 
type A is a ver tebral body com pression injury; t ype B injuries 
involve anterior and poster ior elem ent injuries w ith  dist rac-
t ions; and type C lesions refer to anterior and posterior elem ent  
injuries w ith  rotat ion  consistent  w ith  axial rotat ion  injuries. 
The AO system  is very comprehensive and good for describ-
ing fracture pat terns, but  it  is a vict im  of it s comprehensive-
ness; it  does not  consider neurologic status, and does not  aid in  
decision m aking.10

Thoracolumbar Injury Classi cation 
and Severity Score (TCLIS)
This system  was developed due to the need for a classi cat ion  
system  that  could be used to prognost icate the need for surgical 
in tervent ion . The system  was based on a review  of the exist-
ing literature as well as consensus opinion from  a m ult inat ional 
group of leading spinal t raum a surgeons. Three m ajor injury 
character ist ics were de ned: injury m orphology, neurologic 

TH_Ullman_CH16.indd   266 3/19/15   9:09 PM



16 Thoracolumbar Fractures

267

• CT is generally the next  step after plain   lm s. Axial  ne cuts 
and sagit tal reconst ruct ion  help de ne fracture pat terns and 
determ ine the degree of canal compression (Fig. 16.1).

• Magnet ic resonance im aging (MRI): Generally not  required 
in  a neurologically in tact  pat ient  in  the acute set t ing, but 
can  help evaluate the PLC. With  a neurologic de cit , MRI is 
recom m ended to ident ify any ongoing spinal compression, 
evaluate cord anatomy, and rule out  epidural hem atom a.

Medication (Neuroprotection and 
Nonoperative Management)
• According to the second NASCIS t r ial, in  pat ients w ith  con-

 rm ed spinal cord injury, pat ients star ted on m ethylpred-
nisolone w ith in  3 hours of injury had a substant ial bene t  in  

status, and in tegrit y of the posterior ligam entous com plex 
(PLC) (see Table 16.1).

Severit y score: A score of .  4 suggests a need for surgical 
t reatm ent because of signi cant instabilit y, w hereas a score ,  
4 suggests nonsurgical m anagem ent . A pat ient  w ith  a score of 4 
m ay be t reated surgically or nonsurgically.5,11–13

Indications
• Grossly unstable injuries w ith  or w ithout neurologic de cit
• To facilitate neurologic recovery via direct  decom pression or 

indirect  decom pression through ligam entotaxis
• To correct  deform ity
• To provide im m ediate stabilizat ion
• To decrease requirem ents for external im m obilizat ion , and 

com plicat ions due to prolonged im m obilizat ion

Preprocedure Considerations
Radiographic Imaging
• Anteroposterior (AP) and lateral radiographs of the cervical, 

thoracic, and lum bar spine are standard im aging studies fol-
low ing spinal t raum a. In  som e centers th is has been largely 
replaced for survey purposes by w hole body com puted to-
m ography (CT) scanning.

• Because there is a h igh percentage of noncont iguous associ-
ated spinal fractures, ent ire neuraxis im aging m ay be war-
ranted if clin ical suspicion is h igh.

Table 16.1 Thoracolumbar Injury Classi cation and 
Severity Score

Injury characteristic Quali er Points

Injury morphology

 Compression —   1

Burst 1 1

 Rotation/translation —   3

 Distraction —   4

Neurologic status

 Intact —   0

 Nerve Root —   2

 Spinal cord, conus medullaris Incomplete   3

Complete   2

 Cauda equine —   3

Posterior ligamentous complex integrity

 Intact —   0

 Suspected/Indeterminate —   2

 Disrupted —   3

1  5  1 additional point given to morphology

Fig. 16.1 Sagit tal reconstruction of trauma CT scan showing fractures 
of T12 and L1 in a 55-year-old man who had fallen from a height.
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Poster ior  app roaches allow  for  realignm en t  of the  sp ine, 
d irect  an d  ind irect  decom pression  of t he  n eu ral elem en t s, 
and  p rotect ion  again st  late  deform it y and  in st abilit y. Sp i-
nal can al decom pression  via ligam en tot axis is opt ionally 
ach ieved  w ith in  th e  first  2  to 4  days post  inju r y. We p refer 
to st abilize  th oracolum bar fract u res w ith in  48 h ou rs of p re-
sen t at ion  if m ed ically st able. For  th oracic inju r ies, a  pos-
terolateral, e ith er  costot ran sversectom y or  t ran sped icu lar, 
approach  allow s som e decom pression  of an ter ior  path ology 
and  allow s a circum feren t ial fu sion  th rough  a poster ior  on ly 
approach .

This chapter addresses the poster ior approach, both  open and 
percutaneous.

Operative Field Preparation
• The skin  is cleansed w ith  alcohol then a betadine scrub is 

used.
• Alternat ively, alcohol and chlorhexidine can  be used.
• The authors use vancomycin  and ceft riaxone for ant ibiot ic 

prophylaxis provided the pat ient  does not  have renal failure 
or other contraindicat ions.

term s of ult im ate neurologic recovery. We do not  use steroids 
at  our inst itu t ion . Recent  published guidelines do not  recom -
m end steroid usage.14

• Int ravenous  uid, colloid, and vasopressors are used as needed 
to m aintain a m ean ar terial pressure of 85 m m  Hg or greater.15

Surgical Management
The goals of surgical t reatm ent include: (1) decompression of 
the spinal canal and nerve roots to facilitate neurologic recov-
ery, (2) restorat ion  and m aintenance of ver tebral body height 
and alignm ent to m inim ize post t raum at ic deform ity, (3) ob-
tain ing rigid  xat ion  to facilitate nursing care and allow  early 
m obilizat ion , (4) obtain ing a solid  ar throdesis of dam aged 
segm ents or fracture healing, and (5) lim it ing the num ber of 
inst rum ented vertebral m ot ion segm ents. Surgical algorithm s 
can generally be classi ed in to one of  ve groups: (1) poster ior 
decompression and stabilizat ion , (2) costot ransverse/lateral ex-
t racavitary/t ranspedicular decompression and reconst ruct ion/
stabilizat ion , (3) anter ior corpectom y/stabilizat ion , (4) com -
bined anterior/posterior decom pression/stabilizat ion  (360), 
and (5) percutaneous fracture  xat ion .
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Operative Procedure
Open Approach
Positioning (Fig. 16.2)

Figure Procedural Steps Pearls

Fig. 16.2 The patient is positioned carefully on a radiolucent 
frame to obtain optimal preoperative reduction of 
deformity.

•  A four-posted spinal table is used. Preincision 
 uoroscopy veri es ability to visualize pedicles 
radiographically after exposure. One can conduct an 
awake turn or perform neuromonitoring with pre and 
post turn electromyography (EMG)/somatosensory 
evoke potentials (SSEPs) in patients with incomplete 
neurologic injury.
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Exposure (Fig. 16.3a, b)

Figure Procedural Steps Pearls

Fig. 16.3 (a) A midline posterior approach is most common for 
thoracolumbar instrumentation. (b) Subperiosteal 
exposure of the posterior elements is carried out 
laterally over the tips of the transverse processes.

•  Instrumentation requires a wider exposure for optimal 
placement of instrumentation. Inadequate exposure 
risks screw malposition.

b

a
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Figure Procedural Steps Pearls

Fig. 16.4 The lamina is removed w ith a drill and rongeurs. At this point 
a costotransversectomy, or a transpedicular vertebrectomy, 
can be performed if indicated (see Chapter 15).

Ligamentotaxis may be used to mobilize anterior fracture 
fragments away from the spinal cord. Alternatively, a 
dow nward directed curette can be used to tamp bone 
fragments anteriorly away from the spinal cord (arrow). This 
technique may be facilitated by removing the pedicle on 
one or both sides to achieve more exposure of the superior 
endplate, w hich is typically the area of greatest impingement.

•  Laminectomy alone as a decompressive 
procedure has been shown to be ine ective in 
achieving anterior spinal cord decompression.

•  The only indication for a standalone 
laminectomy is to evaluate for dural tears or 
posterior compression.

Decompression (Fig. 16.4)
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a

Facetectomy and Pedicle Cannulation (Fig. 16.5a–c)
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b

Figure Procedural Steps Pearls

Fig. 16.5 (a) The facet joint is stripped of its capsule. The inferior portion of 
the inferior facet is removed with a rongeur or osteotome. Partial 
facetectomy should reveal a pedicle “blush.”

(b) At T12 the starting point is the junction of the bisected transverse 
process and border of the lateral pars. The starting point trends medially 
and cephalad as one moves cranially toward the midthoracic region.

A thoracic (blunt, curved) probe is placed in the “blush” or starting point 
as determined by AP  uoroscopy. The curve is directed laterally and 
advanced 15 to 20 mm letting the probe “fall into” the pedicle.

(c) After advancing 15 to 20 mm, the probe is removed and replaced 
facing medially and advanced to a depth of 30 to 40 mm in the 
midthoracic spine. A feeler/sounder probe is then introduced. Only blood 
should return from the tract and not cerebrospinal  uid. A  oor and then 
four walls should be palpated.

•  Removing the inferior portion of 
the inferior facet allows more soft 
tissue removal and helps to  nd the 
entrance to the pedicle.

•  Anatomic starting points can be 
veri ed with AP  uoroscopy and 
pedicle markers can be placed. 
Lateral  uoroscopy can then be used 
for pedicle cannulation.

•  Any abrupt step o  when 
cannulating the pedicle should 
raise suspicion of a pedicle breach 
and should be investigated with a 
sounding probe and radiographic 
evaluation. Pay at tention to the 
medial portion of the tract where 
violations of the pedicle are critical.

c
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Tapping and Screw Placement (Fig. 16.6)

Figure Procedural Steps Pearls

Fig. 16.6 The pedicle is then under-tapped 0.5 mm. 
Preoperative assessment of pedicular size guides the 
appropriate tapping and screw  placement (1). After 
tapping, the tract is once again sounded w ith a feeler 
probe searching for violations. Slow screw  placement 
allow s utilization of viscoelastic properties of the 
pedicle and avoids pedicle fracture (2).

•  Charting pedicle size and depth preoperatively 
facilitates appropriate screw selection.

•  All screws placed should be veri ed by intraoperative 
imaging. In addition, electrodiagnostic testing can be 
performed with abdominal leads.
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Rod Placement (Fig. 16.7a–c)

Figure Procedural Steps Pearls

Fig. 16.7 A rod is selected and contoured appropriately. 
Distraction and reduction maneuvers can be applied 
to aid in reduction of compression via ligamentotaxis.

•  The rod should be passed approximately 5 mm beyond 
the most cranial and caudal screw. Compression 
maneuvers gain lit t le in achieving additional rod length.

a b c
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Bone Grafting (Fig. 16.8)

Figure Procedural Steps Pearls

Fig. 16.8 Spinous processes and lamina local autograft removed 
are morselized. The remaining lamina, transverse 
process, and facets are decorticated with a high speed 
drill (1). The bone graft is then laid on bleeding bone (2). 
Iliac crest bone autograft remains the gold standard.

•  Intraoperative relaxation of retractors periodically 
facilitates blood  ow and preservation of extensor 
musculature. Careful preservation of regional blood 
supply supports rapid graft incorporation and focuses 
on fusion versus construct failure.
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Percutaneous Approach
Positioning and Pedicle Targeting (Fig. 16.9a–c)

a

b

c

Figure Procedural Steps Pearls

Fig. 16.9 (a) The patient is carefully positioned prone on a 
radiolucent table, as in Fig. 16.2, in order to obtain 
the best preoperative reduction of deformity. 
(b) Prior to prepping and draping, the pedicles are 
targeted using AP  uoroscopy. (c) K wires are placed 
at the 9 o’clock position on the left sided pedicles and 
the 3 o’clock position of the right pedicles. These lines 
are marked on the patient. We also mark the mid 
pedicle levels in the horizontal plane at each level.

•  A good AP image is imperative. The endplates must be 
absolutely parallel, and the spinous process equidistant 
between the pedicles. At each level, it  is helpful to mark 
the degree of rotation of the C-arm needed to obtain 
the view. This help to decrease  uoroscopy time, as well 
as operative time.
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Jam Shidi Placement (Fig. 16.10a–c)

a
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c

b

Figure Procedural Steps Pearls

Fig. 16.10 (a) The bone trephine needle is started in the skin 
just lateral to the marked pedicle and advanced to 
the starting point (3 o’clock on the right, 9 o’clock 
on the left). Once bone is encountered, an image is 
obtained. The needle is lightly malleted to engage 
the tip into the cortical bone (1). A mark is made 
on the needle approximately 25 mm from the skin 
surface (2). The needle is then advanced into the 
pedicle approximately 15 mm. An image is taken. (b) If 
the needle has traversed less than 50% the w idth of 
the pedicle, it can be safely advanced the remained of  
the distance w ithout fear of medial wall breech.

•  We use AP images to place the bone trephine needles. 
Alternatively, the needles can be advanced to 20 mm 
under AP imaging, and then switched into a lateral 
view to advance the remainder of the distance into the 
vertebral body (c).
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Guidewire Placement (Fig. 16.11a, b)

Figure Procedural Steps Pearls

Fig. 16.11 (a, b) The stylet is removed from the bone trephine 
needle and a K w ire is placed (1). The K w ire is 
advanced several mm beyond the bone trephine 
needle and then the needle is removed (2).

•  The K wire can be used as a  exible “feeler” probe to 
ensure that bone is encountered when advancing.

a

b
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Facet Fusion (Optional) (Fig. 16.12)

Figure Procedural Steps Pearls

Fig. 16.12 If a long-term fusion is required, dilators are then placed over the K wire 
and docked on the pedicle screw  starting point. A tubular retractor is then 
placed (1). The facet is superior and medial to the starting point. The soft 
tissue is then removed w ith electrocautery, and the facet decorticated 
w ith a high speed bur (2). Bone graft is then laid on the facet.

•  The necessity for fusion is 
decided on an individual basis.
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Screw  Placement (Fig. 16.13a, b)

Figure Procedural Steps Pearls

Fig. 16.13 If a facet fusion is not performed, next make a 15 mm skin incision 
about the K wires. (a) A dilator is passed to open the fascia, and 
docked at the starting point. The inner cannula of the dilator is 
removed (1). An awl is placed over the K wire to enhance the starting 
point for the tap (2). Next, the C-arm is brought into lateral position.

(b) We tap the pedicle under lateral imaging (1). At this point, the 
tap can be stimulated to assess for a medial pedicle breach. The tap 
is removed w ith care to not dislodge the K wire. A cannulated screw  
w ith a screw  extension is then advanced (2). Several images are 
taken as the screw  is advanced. It is important to not advance the K 
w ire w ith the screw. The K w ire is then removed.

•  It  is imperative to maintain control of 
the K wire at all t imes. If the K wire is 
inadvertently removed, it is best to switch 
back to AP imaging to try to replace the 
wire. If unable, it  is possible to try to 
replace the bone trephine needle without 
the stylet.

•  We typically under tap for trauma cases. 
Try to keep the position of the screw 
heads the same for all screws to facilitate 
passage of the rod.

b

a
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Rod Placement and Deformity Correction (Fig. 16.14a, b)

a b

Figure Procedural Steps Pearls

Fig. 16.14 (a) A rod is measured and cut. It is extremely important that the 
rod is passed subfascially w hen inserted into the  rst screw  head. 
(b) Through a cantilever approach, deformity correction occurs 
as the rod is locked into place (1). A derotation device is used 
and the screw  caps are  nal tightened (2). The extended tabs are 
then removed (3). If the tabs are inadvertently removed prior 
to passing the rod, a rod can still be placed, but it makes rod 
placement very di cult.

•  It  is important to leave the rods on 
the rod holders until all the caps have 
been applied. Minimal distraction and 
compression can be performed with the 
minimally invasive system; therefore, 
positioning is imperative.
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patients w ith thoracolum bar fractures, the surgeon m ust  rst  
decide if the injury requires an operation. If an operation is re-
quired, a decision m ust be m ade whether a decompression is 
warranted in addit ion to stabilization. A decision m ust be m ade 
as to whether the surgical goals can best be accomplished via 
an anterior, posterior, or com bined approach.

• We gauge the length of our construct based on the degree of 
instability. In m ost instances we  xate two levels above and two 
below. For burst fractures it is possible to perform  a cem ent aug-
m entation of the fractured level (vertebroplasty or kyphoplasty; 
see Fig. 16.15). Short pedicle screws can also be placed into the 
fractured level, thus allow ing som e cases to be instrum ented 
only one level above and below the fracture. The thoracic seg-
m ents are relatively im m obile so sacri cing m otion segm ents is 
biom echanically irrelevant. Lengthening the construct distally 
into the lum bar spine has di erent biomechanical consider-
ations and should be individualized on a per patient basis.

• Rem oval of percutaneous inst rum entat ion  m ay be required if 
an  in tersegm ental fusion is not  perform ed as the success of 
the surgery w ill require fusion of the prim ary fracture. Based 
on literature from  the AO Fixateur In terne, rem oval is per-
form ed typically 12 m onths postoperat ive and after radio-
graphic evidence of fusion .16–21
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Closing
Open Approach
For the open approach, m et iculous handling of the extensor 
m usculature followed by a t ight  fascial closure im proves the 
m uscles’ abilit y to prom ote sagit tal balance and appropriate 
skeletal loading. The wound is closed in  successive layers (deep 
fascia, super cial fascia, then skin) using resorbable suture.

Percutaneous Approach
• For the percutaneous approach, the individual stab wounds 

are irr igated w ith  ant ibiot ic im pregnated saline. Lit t le bleed-
ing is encountered due to a tam ponade e ect  from  the dila-
tors and screw  extensions.

• The fascia is reapproxim ated w ith  in terrupted 2-0 resorbable 
sutures.

• The skin  is closed w ith a 3-0 m ono lam ent , resorbable suture.
• Final AP and lateral im ages are obtained w ith  C-arm   uoros-

copy before the wound is closed.

Postoperative Management
Monitoring
• Th e  level of care  is d ict ated  by th e  com orbid  con d it ion s of 

t h e  p at ien t s. For  p at ien t s w it h  a  p au cit y of oth er  in ju r ies, 
w e t yp ica lly obser ve  th em  overn igh t  in  a  st ep  dow n  u n it .

Medication
• It  is our pract ice to place pat ients on  a pat ient-controlled 

analgesia device w ith  either m orphine or hydrom orphone in  
the in it ial postoperat ive period.

• Pat ients are gradually t ransit ioned to oral m edicat ion  on the 
second or th ird postoperat ive day.

• We continue antibiotic prophylaxis for approxim ately 24 hours 
after surgery.

• We rout inely star t  pat ients on  deep vein  throm bosis prophy-
laxis w ith  low  m olecular weight heparin  on the  rst  postop -
erat ive day if there are no other bleeding contraindicat ions.

Radiographic Imaging
• We typically obtain  upright  AP and lateral im ages prior to 

discharge (Fig. 16.15).
• Im aging is then perform ed at  3, 6, and 9 m onths 

postoperat ively.

Special Considerations
• The optim al surgical approach and treatm ent of unstable tho-

racolum bar spine injures are poorly de ned because of a lack 
of w idely accepted level I clinical literature. When treating 

Fig. 16.15 Lateral X-ray of patient depicted in Fig. 16.1 showing posterior 
rod construct and vertebroplasties at T12 and L1 to add structural support.
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Current est im ates based on postm ortem  studies im ply 30–
90% of cancer pat ients (large variabilit y depending on prim ary) 
w ill have m etastat ic spinal disease. A total of 5 to 10% of can-
cer pat ients have m etastat ic epidural spinal cord compression 
(MESCC), w ith  th is propor t ion  increasing to 40% in  those w ith  
other, nonspinal bony m etastases. These num bers t ranslate in to 
  25,000 cases of sym ptom at ic MESCC per year, an  incidence 
that  is r ising as ant ineoplast ic therapies evolve and life expec-
tancies increase. MESCC is an  epidural lesion causing t rue dis-
placem ent  of the spinal cord from  its norm al posit ion  in  the 
spinal canal.

Etiologies
Spinal Epidural Hematoma
Spontaneous SEH can be divided in to t raum at ic and nontrau-
m at ic. Causes of t raum at ic SEH include lum bar puncture or 
epidural anesthesia, fracture, spinal surgery, physical exert ion , 
bir th  t raum a, and chiropract ic m anipulat ion . Causes of spon-
taneous SEH include hem orrhage from  an ar ter iovenous m al-
form at ion (AVM), hem angiom a, or tum or. In  up to 30% of cases, 
no et iology is discerned.2 Follow ing these idiopathic cases, an-
t icoagulant  therapy and vascular m alform at ions are m ost often  
implicated. Ant icoagulat ion  or any bleeding diathesis is a r isk 
factor for SEH.3

Spinal Epidural Abscess
Infect ion  can spread hem atogenously or cont iguously. Any dis-
tant  site of infect ion  can spread hem atogenously; however, skin  
and soft  t issue infect ions represent the m ost com m on sources. 
SEAs arising in  th is fashion generally develop in  the posterior 
epidural space. SEAs that  spread by direct  extension predom i-
nantly originate from  a vertebral body focus, or less com m only 
from  adjacent  soft  t issue. This vector of spread usually involves 
the anterior aspect  of the spinal canal.

Inoculat ion  can  also occur iat rogenically. In  a large m eta-
analysis of over 900 cases, epidural anesthesia or analge-
sia were associated  w ith  a 6% rate of in fect ion , and invasive 
procedures, either sp inal or ext ra-spinal, w ith  14–22%.4 Usu-
ally a severe pyogen ic in fect ion  w ith  Staphylococcus aureus is 
the m ost  com m on causat ive agent . Streptococcus species and 
coagulase-negat ive Staphylococcus follow  in  frequency. Gram -
negat ive rods such  as Pseudom onas and Escherichia coli, ac-
coun t  for a sm all fract ion , being m ore prevalen t  w ith  IV drug 
use. Finally, Mycobacterium  tuberculosis, fungal species, and 
parasit ic organ ism s are rare except  for im m une-com prom ised 
st ates.

Introduction
Nontraum at ic spinal epidural com pression can result  from  sev-
eral di erent ent it ies, but acute deter iorat ion  alm ost always 
occurs as a result  of a few  condit ions, three of w hich are h igh-
lighted in  th is chapter: spontaneous epidural hem atom a, spinal 
epidural abscess, and m etastat ic epidural spinal cord com pres-
sion  syndrom e.

Incidence
Spontaneous Spinal Epidural Hematoma
Spinal epidural hem atom as (SEHs) are a rare cause of spinal 
cord com pression. However, they const itute the m ajorit y (up 
to 75%) of spinal hem atom as. The peak incidence occurs in  pa-
t ients in  their sixth  decade of life, though a second peak is seen 
in  adolescents between 15 and 20 years of age. A m ale predom i-
nance has frequently been docum ented.

Spinal Epidural Abscess
Spinal epidural abscesses (SEAs) are an  infrequent  cause of spi-
nal cord com pression, represent ing 0.2 to 2 per 10,000 hospital 
adm issions. The m ajorit y of a ected pat ients are between 30 
and 60 years old, though they span a w ide range from  neo-
nates to geriat ric. A m ale predom inance—approxim ately tw ice 
as com m on as in  wom en—exists. Risk factors include diabe-
tes m ellitus, end-stage renal disease, HIV or other im m une-
com prom ised states, in t ravenous (IV) drug use, and alcoholism . 
Local factors addit ionally include spine surgery or t raum a, and 
catheter placem ent  in to the ver tebral canal.

While nearly one-th ird of a ected pat ients died at  the begin-
ning of the twent ieth  century, the m ortalit y is now  less than 
half of that  num ber given im provem ents in  ant ibiot ic therapy 
and surgical technique. Correspondingly, the percentage of 
pat ients w ith  either com plete recovery or only m inor residual 
neurologic de cit  has m ore than doubled.1

Metastatic Epidural Spinal Cord 
Compression
In  the United States, there are  1.4 m illion  new  cases of cancer 
annually and every year over half a m illion  cancer pat ients suc-
cum b to m etastat ic disease. The skeletal system  serves as the 
th ird m ost  com m on site of m etastat ic spread (after pulm onary 
and hepat ic), and w ith in  the skeletal system  the spinal colum n 
is m ost frequently a ected.
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t ien t s of the 46- to 75-year-old  year age group , the low er tho-
racic and  lum bar regions are m ost  com m on , w ith  a sm aller 
frequency m axim um  in  the  cervical levels.8 A pain -free in ter-
val m ay occur, bu t  then  is generally followed by progression 
of neurologic de cit  over hours to days toward   accid  paresis 
or p legia.

Spinal Epidural Abscess
Sevent y-one percent of pat ients present w ith  back pain  as the 
in it ial symptom ; 66% have fevers. This proceeds to radicular ir-
r itat ion , w ith  subsequent  neurologic de cits, including m uscle 
weakness, sensory disturbances, and sphincter incont inence. 
Progression  to frank paralysis occurred only in  one-th ird of 
 pat ients.9

MESCC
Pain  (83–95%) is a com m on presentat ion . Local pain  is thought 
to be related to periosteal st retching or local neoplast ic in  am -
m atory process. This pain  responds well to steroids and is worse 
w ith  recum bency. Mechanical pain  is pain  that  is exacerbated 
by m ovem ent/act ivit y and is often  caused by pathologic frac-
ture or ver tebral body collapse, and indicat ive of spinal insta-
bilit y. This pain  is recalcit rant  to steroids/narcot ics; radicular 
pain  is that  w hich involves nerve root com pression and usually 
conform s to a derm atom al dist r ibut ion.

Motor dysfunct ion  is present in  60–85% of pat ients and is 
character ized by weakness and long t ract  signs. There are cor-
relat ions between neurologic status at  t im e of diagnosis (par-
t icularly w ith  respect  to m otor funct ion) and prognosis from  
MESCC. Sensory loss is in  close proxim ity to m otor  ndings and 
autonom ic/sphincter dysfunct ion  is a later  nding, w ith  blad-
der dysfunct ion  being the m ost com m on. Though the rate var-
ies, pat ients w ith  these de cits inevitably progress to paralysis 
w ithout in tervent ion.

Indications
Spinal Epidural Hematoma
Most  SEHs are located  dorsal to the sp inal cord , w ith  a large 
m eta-analysis quot ing   75% in  th is sagit tal locat ion .8 Em er-
gen t  or u rgen t  decom pression  w ith in  hours is associated w ith  
bet ter ou tcom es. In  the sam e m eta-analysis, for pat ien ts w ho 
received t reatm en t  w ith in  12 hours of onset  of sym ptom s, 
66% recovered com pletely, 13% recovered w ith  m ild  residual 
neurologic de cit , and 13% cont inued to have severe im -
pairm en t  or show  no im provem ent . In  con t rast , for pat ien t s 
w hose t reatm en t  was in it iated  13–24 hours after sym ptom  
onset , 64% had severe de cit s or no im provem ent , versus 36% 
w ith  substan t ial recovery. Therefore, the t reatm ent  of choice 
is im m ediate decom pression  in  those pat ien ts that  can  toler-
ate surgery. Asym ptom at ic  pat ien t s w ithout  neurologic de cit  
can  be considered for observat ion , especially in  ch ildren  and 
teenagers in  w h ich  a lam inectom y m ay destabilize the poste-
r ior colum n.

MESCC
Metast at ic d isease  sp reads to ep idu ral space  in  t w o w ays: 
(1) d irect ly in to th e  sp inal can al th rough  in ter ver tebral fo -
ram en  from  a paraver tebral m ass (15% of m etast at ic cord 
com pression );  an d  (2) th e  rem ain ing 85% from  h em atog-
enous sp read  (h istor ically t hough t  via Bat son’s p lexus, n ow  
believed  to be  m ore likely ar ter ia l) to th e  ver tebral body, 
from  w h ere th e  lesion  grow s poster iorly in to th e  ep idural 
space. These  m et ast at ic lesion s can  cause  bon e  erosion , 
path ologic fract u res, and  ext ru sion  of bony fragm en t s in to 
can al, w h ich  can  all fu r th er  com pound  can al nar row ing or 
cord  com pression .

Pathophysiology
Spinal Epidural Hematoma
Bleeding is generally the result  of tearing of epidural veins, 
although tearing of epidural ar teries or hem orrhage from  a 
m alform at ion is also possible. Even in  circum stances involving 
ant icoagulant  therapy, other factors are posited to contr ibute, 
including increased pressure in  the in ter ior ver tebral venous 
plexus and foci of vascular “decreased resistance.”

Spinal Epidural Abscess
As w ith  any form  of compression, vascular com prom ise w ith  
consequent hypoxia has been one favored pathogenet ic ex-
planat ion . However, in  anim al m odels of S. aureus epidural 
abscesses, even w hen SEAs caused para- or quadriplegia, no 
com pression of spinal ar teries was noted,5 thus support ing a 
param ount  role for direct  m echanical com pression.

MESCC
Hypothesized m echan ism s by w hich  dam age occurs include 
(1) direct  com pression  that  leads to dem yelinat ion  and axo-
nal dam age; (2) vascular com prom ise, w here occlusion  of ve-
nous p lexus prom otes breakdow n of cord–blood barr ier and 
thus vasogen ic edem a; and (3) term inal ar ter ial occlusion 
w ith  ischem ia/in farct ion  m ay follow  leading to ir reversible 
dam age. Cer tain  au thors have hypothesized that  in  pat ien ts 
rapidly deter iorat ing ar ter ial in farct ion  m ay underlie decline 
w hereas venous congest ion  m ay in it ially be m ore relevan t  in  
pat ien t s w ith  slow  decline.6 This dispar it y m ay explain  the 
worse ou tcom e associated w ith  a m ore rapid evolu t ion  of m o-
tor weakness.7

Presentation
Spinal Epidural Hematoma
SEH is usually acu te  and  p rogressive, leading to perm anen t  
neurologic de cit  if not  m anaged  im m ediately. Sym ptom s 
consisten t ly begin  w ith  severe back pain  in  the locat ion  of 
the hem orrhage, w ith  or w ithou t  a radicu lar com ponen t . The 
com m on  segm en tal levels involved var y by age; in  the pa-
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w ith posterior decompression w ith stabilizat ion, 64% improved; 
and  nally w ith an anterior approach, 75% im proved w ith  10% 
m ortality.

Prevailing convict ion  holds that  if compression  is of short  du-
rat ion , neurologic de cits m ay be reversible, as re-myelinat ion  
and recovery of funct ion  are possible. However, w ith  prolonged 
compression , secondary vascular injury w ith  infarct ion of the 
spinal cord m ay occur w ith  irreversible consequence.

Based on these and sim ilar studies, generally accepted indica-
t ions for surgery include: the need for t issue for diagnosis; spi-
nal instabilit y; cord compression w ith dysfunct ion from  bone 
or tum or not  radiosensit ive; and deter iorat ion  or recurrence 
during/despite RT. Surgical decom pression to prevent  irrevers-
ible dam age should be im m ediate. Conversely, RT is a reason-
able alternat ive for pat ients w ith  radiosensit ive tum ors, stable 
neurologic status, no spinal instabilit y, no signi cant  bony com -
prom ise of canal, or life expectancy less than 3 m onths.

The location of the origin of the tum or (isolated epidural dis-
ease versus arising from  osseous lesion w ith extension) as well 
as considerations of spinal stability should dictate choice of 
operat ive procedure. A thorough descript ion of all surgical ap-
proaches is beyond the scope of this chapter. However, a simple 
lam inectomy should be reserved for dorsally located disease, and 
a posterolateral or ventral approach should be ut ilized w henever 
ventral disease is present , as tum ors m ay continue to grow  or 
swell and thus w ithout a direct rem oval of the o ending pathol-
ogy, an indirect decompression w ill result in further deform ation  
of the spinal cord. At the spinal cord level (occiput to bot tom  of 
conus m edullaris), the cord should never be retracted to gain  
access to ventral tum or; the approach should be selected that  
 obtains the m ost advantageous angle to access the tum or instead.

Preprocedure Consideration
Radiographic Imaging
Com puted tom ography (CT) myelography was once the diag-
nost ic tool of choice for evaluat ion  of SEH. CT m yelogram  also 
is m ore invasive and carries the risk of seeding infect ion . It  is 
therefore no longer recom m ended in  the context  of spinal 
epidural abscess. Magnet ic resonance im aging (MRI) w ith  or 
w ithout  CT has em erged as the less invasive and m ore available 
m ethod of choice. MRI also o ers the advantage of di erent iat-
ing between tum or, infect ion , herniated disk, and hem atom a20 
(Figs. 17.1  and 17.2). CT is also necessary to evaluate for bony 
invasion and stabilit y (Fig. 17.3).

Medication
For SEH, in  pat ients w ho cannot tolerate surgery, ant icoagula-
t ion  should be stopped and possibly reversed; h igh dose ste-
roids should be considered although their use is cont roversial.21

For SEA, broad-spectrum  IV ant ibiot ics should be in it iated 
im m ediately, including coverage for Gram -posit ive cocci and 
Gram -negat ive rods.

For MESCC, steroids decrease edem a and m ay have an onco-
lytic e ect on som e tum ors such as lymphom a and breast  cancer.

Spinal Epidural Abscess
The  rst  operat ive in tervent ion—a lam inectomy—for SEA was 
perform ed in  1892; after increasing reports of successes, sur-
gery becam e the m ainstay of t reatm ent by the 1930s. An early 
series10 noted that  SEA pat ients w ithout paralysis or w hose 
paralysis had developed less than 36 hours before the opera-
t ion  had bet ter postoperat ive outcom es w ith  respect  to survival 
and funct ion . In  contrast , in  pat ients w hose paralysis developed 
m ore than 48 hours before surgery, none recovered neurologic 
funct ion; all m ortalit ies in  the series were repor ted in  th is lat-
ter group. This correlat ion  of outcom e w ith  t im e to in tervent ion  
has been repeatedly con rm ed.11,12 Conservat ive t reatm ent  is 
rarely indicated: either for those w ho cannot tolerate surgery, 
or w ho have large abscesses extending a considerable length  of 
the spinal cord.

MESCC
Consensus and exper t  opinions regarding indicat ions for sur-
gery largely derive from  studies invest igat ing the prognos-
t ic value of surgical in tervent ion given various pat ient  group 
 at t r ibutes. The evidence dictat ing the appropriate approach to 
tum or decom pression  has evolved sign i cant ly over the past  
50 years. Early t reatm ent  underscored indirect  decom pres-
sion  of the epidural space via st raight  lam inectomy, followed 
by radiat ion  therapy (RT).13,14 However, later studies15,16 dem -
onstrated no advantage for lam inectomy, rendering radiat ion  
alone the preferred therapeut ic st rategy for a period of years. 
More recent studies w ith  m odern  anesthet ic and im aging tech-
n iques have led to a resurgence of surgical decom pression as 
par t  of the t reatm ent  st rategy.6,17 A large random ized control 
t r ial6 assessed decompressive resect ion  in  conjunct ion  w ith  RT 
versus RT alone. Criteria for study inclusion required MESCC 
rest r icted to a single area; acceptable surgical candidates w ith  
life expectancy .  3 m onths; one neurologic sym ptom  (includ-
ing pain); not  totally paraplegic for .  48 hours. Radiosensit ive 
tum ors and sole root  com pression or cauda equina syndrom es 
were excluded; 84% of the surgery group versus 52% of the RT 
group were able to walk after t reatm ent , 62% versus 19% re-
gained am bulat ion  w hence lost , and 94% versus 74% rem ained 
am bulatory. Addit ionally, the study revealed signi cant  dif-
ferences between t reatm ent groups w ith  respect  to m ainte-
nance of cont inence; m uscle st rength; funct ional abilit y; and 
increased survival (126 versus 100 days), w ith  am bulat ion  and 
cont inence persist ing for the lifet im e of the surgery group.

Spinal instabilit y can independently contribute to sym ptom s, 
by directly causing m echanical injury to the spinal cord. As RT 
is unlikely to am eliorate spinal instabilit y, surgery m ay be m ore 
appropriate in  these circum stances. An analysis focusing on 
form s of com pression for pat ients w ho were, at  the onset , either 
independently am bulatory, assisted am bulatory, paraparet ic, 
and paraplegic: w ithout bony com pression, post  -RT am bula-
t ion  rates were 100%, 94%, 60%, 11%, respect ively. These rates 
dropped to 92%, 65%, 43%, and 14%, respect ively, w hen all pa-
t ients (w ith  bony and nonbony compression) were considered.18

A com prehensive literature review 19 suggested that w ith RT 
alone, 36% subjects im proved w hile 17% worsened; w ith decom -
pressive lam inectomy 6  RT, 42% improved w hile 13% worsened; 
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a b
Fig. 17.1a, b Spinal epidural hematoma. (a) Axial and (b) sagit tal MRI in a patient with focal spontaneous hematoma around the central herniated 
disk located ventral to the cord.

a b
Fig. 17.2a, b Spinal epidural abscess. (a) Axial T2-weighted MRI of the cervical spine in a patient who presented with acute rapidly progressive 
paraplegia and respiratory failure. There is a large dorsal epidural abscess collection with cord compression. (b) Sagit tal postcontrast  image of a 
posterior thoracolumbar spine abscess associated with multiple areas of vertebral body osteomyelitis including T11, L2 through L5, and diskitis at L23.

Operative Management
Anesthesia
For all cases, general endot racheal anesthesia is the preferred 
technique, assum ing favorable anatomy and the pat ient’s con-
dit ion . In tubat ion-related m anipulat ion  of the neck concerns 
in   pat ients w ith  cervical spinal cord com pression need to be 
weighed against  the urgency of obtain ing a reliable airway. 
Where  possible, a m inim ally m anipulat ion  technique—such as 

awake  beropt ic, laryngeal in tubat ion  w ith  an  illum inated la-
ryngoscope w ith  cam era, or nasal in tubat ion  in  a pat ient  w ith  
no risk factors for cribriform  fracture or incom petence—should 
be used.

When em ergent  airway comprom ise is present and in tuba-
t ion  is not likely to be able to be perform ed in  a t im ely fashion, 
then em ergent  cricothyroid or t racheostomy in tubat ion w ill 
need to be perform ed, and it  would be prudent  to have a t rache-
ostomy kit  at  the side of any pat ient  w ith  em ergent  spinal cord 
com pression in  case they deteriorate on their way to or from  

TH_Ullman_CH17.indd   289 3/20/15   4:36 PM



II Spinal Emergency Procedures

290

the pathology directly, such as w hen a t racheostomy, anterior 
scar, spinal deform ity, or other condit ion  m akes the approach 
m ore challenging or has h igher r isks of com plicat ion . Where 
possible, the m ost  direct  approach leads to the best  result ing 
t reatm ent , but one or m ore factors m ay change that  decision 
process, including availabilit y of an  access surgeon, result ing 
postoperat ive instabilit y, and pat ient  appropriateness for stabi-
lizat ion  techniques, am ong others. When the disease process or 
the approach to the disease causes spinal instabilit y, fusion of 
the unstable levels is addit ionally recom m ended. Several t reat-
m ent  opt ions exist  (allograft  bone, polym ethyl m ethacrylate 
[PMMA] cem ent w ith  Steinm an pins, t itan ium  cages, carbon  -
ber  cages, anterior t itanium  plate/rod  xat ion  devices, etc.), the 
discussion of w hich is beyond the scope of th is chapter.

A dedicated spinal table can  help to posit ion  properly and 
possibly prevent  di erent posit ioning com plicat ions, as well 
as being radiolucent  to opt im ize im aging. Knee-elbow  posit ion  
on a standard nonspinal operat ing room  table can be used for 
dorsal thoracic or lum bar procedures. While an  on-call neuro-
m onitoring team  m ay be desirable, one should not  delay the 
case to wait  for a team  to be available.

For dorsal/dorsolateral pathology, a unilateral approach is 
often  su cient . For short-segm ent pathologies, such as focal 
abscess or lateral and dorsal epidural spinal m etastases, a m i-
crosurgical in t ralam inar approach can be used as is done for 
herniated disks. Ventral lum bar pathology, located ventrolat-
erally or below  the conus m edullaris, can  be approached in  a 
sim ilar way w ith  gentle ret ract ion  of the thecal sac.

Soft  (i.e., not  calci ed, bone, or hard  brous lesions) lesions 
at  the cord level, such as in  the cervical or thoracic spine, can  
be approached via several approaches, depending on the sur-
geon’s com fort  level and the facilit y’s resources (including the 
experience of the evening or on-call sta ). One approach is via 

any procedure, or even in  the operat ing room  during standard 
endotracheal in tubat ion .

For those cases where the opportunity presents and the sur-
geon w ishes, if intraoperative m onitoring is to be used, then 
the anesthetic should take into account any potential e ects on  
electromyography or m otor evoked potential (MEP) m onitoring 
by focusing on a total intravenous anesthetic (TIVA) technique to 
 prevent the detrim ental impact of inhalational anesthetic. TIVA 
also includes the absence or m inim al use of paralytics to prevent  
their impact upon the m uscle activity being m onitored by elec-
tromyography (EMG) or MEP. Som atosensory evoke potentials 
(SSEPs) are used to avoid potential peripheral nerve complica-
tions such as arm  posit ioning apraxias, or even in ltrat ion of an  
IV leading to compartm ent syndrom e, which if caught intraopera-
tively instead of identi ed postoperatively m ay result in im m edi-
ate treatm ent of the problem  and prevent perm anent m orbidity.

Where pract ical and feasible, m ean ar terial pressures (MAP) 
should be m aintained as h igh as can be tolerated (up to 100 m m  
Hg), and w hen a neurologic de cit  is present , if the pat ient  can  
tolerate, MAPs in  the 901  m m  Hg range should be the goal, to 
m aintain  spinal cord perfusion given the presum ably edem atous 
state of the spinal cord. This can be correlated w ith int raopera-
t ive evoked potent ial m onitoring, and m any t im es a decrem ent  
in  evoked potent ials can  be corrected w ith  elevat ion of the MAP.

Surgical Approach
General Principles
Posit ion  select ion  depends on several factors, including the lo-
cat ion  of the prim ary pathology (anterior, posterior, or lateral 
w ith in  the canal), num ber of levels, and di culty approaching 

a

b

Fig. 17.3a, b Metastatic epidural spinal cord compression. 
(a) Sagit tal CT reconstruction and (b) axial CT image in a 
patient with known metastatic breast cancer with sudden 
paraplegia and incontinence after a fall. A large destructive 
L1 vertebral body lesion is also invading both pedicles, 
left more than right, with signi cant ventrolateral cord 
compression. There is a resultant kyphotic deformity at T12.
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(and therefore m ore ventral access) locat ion , include: lam inec-
tomy, t ranspedicular, costot ransversectomy (in  thoracic spine 
only), and lateral ext racavitary. The parascapular approach is a 
variant  of the costot ransversectomy or lateral ext racavitary at  
the levels of T2–7 w here the m uscles of the scapula need to be 
carefully separated and the scapula m obilized for the exposure, 
and reconnected carefully afterward to prevent m orbidity.

Anterior Approaches
Cervical
• Transoral, w hich gives good access from  the clivus to C3
• Standard vent rom edial anterior cervical, w hich gives good 

access from  C2 to T1 or T2

Cervicothoracic and Thoracic
• Supraclavicular, w hich  gives access at  the cervicothoracic 

junct ion  (dow n to T3) via an  approach that  is sim ilar to the 
t radit ional ventrom edial anter ior cervical approach, but  uses 
a m ore acute angle to approach the thoracic vertebrae.

• Transsternal, w hich gives good access to the T3-T10 region, but  
there is an associat ion w ith an increased risk of m ediast init is.

• Transm anubrial, w hich can be com bined w ith  ventrom edial 
to give access to C5-6 dow n to T2-3, although there is a r isk of 
injury to m ajor vascular or chylous st ructures.

• Transthoracic, w hich gives excellent  ventral access to the 
T4-T11 regions and can be used to expose m ult iple levels, but 
increased pulm onary m orbidit y lim its it s use today.

• Thoracoscopic approaches, w hich give sim ilar access as the 
t ransthoracic w ith  less pulm onary m orbidit y, include a sig-
ni cant  learning curve and the por t  size lim its som e of the 
access and procedures that  can  be perform ed.

• Thoracoabdom inal, w hich gives a w ide exposure to the ver-
tebral bodies and vent ral cord at  the region of T10 to L2, but 
requires split t ing of the diaphragm , and has a heightened r isk 
of injury to abdom inal and thoracic viscera.

Lumbar
• Retroperitoneal or direct  lateral exposures from  L1-S1. Varia-

t ions of these can be used at  di erent levels, w ith  good expo-
sure of the vertebral bodies w ith  less r isk to in t raperitoneal 
organs, although the t ranspsoas techniques do have greater 
r isks to the nerves, and the m ore vent ral approaches have a 
greater r isk of injury to ureters and great  vessels.

• Transperitoneal, w hich gives good exposure from  L1/2 to the 
upper sacrum ; th is can  give good exposure to the bodies and 
thecal sac, but  lim itat ions include working around the aorta 
and inferior vena cava (IVC); r isk to bowel, bladder, or ureter; 
and in  m ales a r isk of sexual dysfunct ion  due to ret rograde 
ejaculat ion , believed by som e to be related to injury to the 
sym pathet ic plexus.

The follow ing illustrat ions dem onstrate som e of the m ore 
com m on em ergency procedures for epidural compression. While 
open approaches are dem onstrated here, m inim ally invasive ap-
proaches can be chosen depending on the surgeon’s judgm ent  
and experience as noted in  the case exam ples. Som e of the other 
approaches m entioned are addressed in  detail in  other chapters.

 unilateral hem ilam inectomy w ith  part ial t ranspedicular de-
com pression to gain  access to the ventral locus of purulence, 
leaving the poster ior m idline and contralateral st ructures in tact  
to m inim ize delayed instabilit y, reduce the size of the wound 
and cavity to be closed, and reduce in t raoperat ive bleeding. The 
less pedicle rem oved, the m ore stable the spine w ill be over 
t im e. Should a m ore extensive exposure need to be perform ed 
(com plete pedicle rem oval, bilateral decompression plus t rans-
pedicular, or rem oval of the pars in terar t icularis), a fusion of 
the potent ially unstable segm ents m ay be necessary, and w here 
appropriate, inst rum entat ion  should be used. Inst rum entat ion  
should not  be forgone just  because the prim ary pathology is in-
fect ion . Where appropriate, a bilateral posterolateral m inim ally 
invasive approach from  a part ial t ranspedicular or costot rans-
verse approach on either side can be perform ed as well, w ith  
angled inst rum ents pushing pathology dow n and away from  
the cord. When the pathology is liquid (acute abscess or rela-
t ively lique ed hem atom a), an  angled inser t ion  technique can 
allow  for placem ent  of a sm all-caliber drain  (like a ventriculos-
tomy catheter) that  can  be used to rem ove ventral pathology 
and facilitate irr igat ion  in  the abscess plane.

In  general, we do not recom m end a st raight  lam inectomy for 
predom inately ventrally located infect ions at  cord-level cases, 
unless there is enough room  to reach through laterally located 
purulent  collect ions and pass a r ight-angled inst rum ent  ven-
t ral to the theca in to the vent ral pus w ithout pressure on the 
already tenuous spinal cord.

In  acute cases, there is rarely m uch epidural bleeding, but  in  
m ore chronically infected cases, there m ay be an  in  am m atory 
rind that  has signi cant vascular input . Epidural drains should 
be left  behind, and drainage cont inued longer than standard 
durat ion  to prevent  any further collect ion  or contam inat ion  of 
infected m aterial in  the epidural space.22

For m etastat ic epidural disease, the locat ion  of the origin  of 
the tum or (isolated epidural disease versus arising from  os-
seous lesion  w ith  extension) as well as considerat ions of spi-
nal stabilit y should dictate choice of operat ive procedure.23 
A thorough descript ion  of all surgical approaches is beyond the 
scope of th is chapter. However, a sim ple lam inectomy should 
be reserved for dorsally located disease, and a posterolateral or 
ventral approach should be ut ilized w henever ventral disease 
is present , as tum ors m ay cont inue to grow  or swell and thus 
w ithout a direct  rem oval of the o ending pathology, an  indi-
rect  decom pression w ill result  in  further deform at ion of the 
spinal cord. At the spinal cord level (occiput  to bot tom  of conus 
m edullaris), the cord should never be ret racted to gain  access to 
ventral tum or; the approach should be selected that  obtains the 
m ost advantageous angle to access the tum or instead.

Posterior Approaches
Lam inectom y alone is to be used at  the spinal cord level only 
w hen the disease is w holly dorsal or just  posterior to the nerve 
root  if lateral. Any m ass ventral to the nerve root , unless pri-
m arily liquid and able to be drained w ith  a catheter passed in  
an  exist ing m ass channel (e.g., an  abscess that  w raps around 
the lateral aspect  of the dura), should be resected or drained 
via a posterolateral approach, and the m ore ventral and  m edial 
the locat ion , the m ore lateral the approach should be. The pos-
terolateral approaches, in  order of successively m ore lateral 
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Operative Procedure
Positioning for Posterior and Posterolateral Procedures
Positioning and Incision (Fig. 17.4a, b)

Figure Procedural Steps

Fig. 17.4 (a) The patient is placed prone on a spinal table and/or Wilson frame 
(b) w ith an incision marked as diagrammed.

b

a
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Thoracic Laminectomy for Dorsal Spinal Epidural Hematoma
Laminectomy (Fig. 17.5)

Figure Procedural Steps

Fig. 17.5 After incising the fascia and dissecting the muscle o  of the spinous processes and laminae, the laminae are 
removed with a drill/Leksell rongeur exposing the epidural hematoma. It is important to remove as much of 
the laminae at consecutive levels until the superior and inferior limits of the hematoma have been reached.
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Hematoma Removal (Fig. 17.6)

Figure Procedural Steps

Fig. 17.6 A Woodson or Pen eld dissector is used in conjunction with suction to removed congealed hematoma taking 
care not to put undue pressure on the thecal sac and spinal cord. Irrigation is helpful in assisting hematoma 
removal.
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Lumbar Laminectomy for Epidural Abscess
Laminectomy (Fig. 17.7)

Figure Procedural Steps

Fig. 17.7 After incising the fascia and dissecting the muscle o  of the spinous processes and laminae, the laminae are 
removed with a drill/Leksell rongeur and Kerrison rongeurs.
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Nerve Root Retraction and Abscess Removal (Fig. 17.8a, b)

Figure Procedural Steps Pearls

Fig. 17.8 For ventral and ventrolateral disease related to a diskitis or 
mycobacterium infection, the nerve root is retracted gently w ith a 
Pen eld no. 4. 

(a) In the case of liquid purulent material, the abscess is evacuated 
with suction and a small catheter can be placed to  ush out material 
from the epidural space ventrally and under adjacent laminae. 

(b) For chronic infections consisting of granulation tissue or 
granuloma, abnormal material is removed w ith small pituitary 
rongeurs, Woodson and Pen eld dissectors, along w ith suction.

•  It  is important to send multiple 
cultures for bacterial (anaerobic and 
aerobic), fungal, and acid fast bacilli in 
addition to pathology.
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Transpedicular Approach for Metastatic Disease
Laminectomy (Fig. 17.9)

Figure Procedural Steps

Fig. 17.9 After incising the fascia and dissecting the muscle o  of the spinous processes and laminae, the laminae are 
removed with a drill/Leksell rongeur exposing the epidural tumor. It is important to remove as much of the 
laminae at consecutive levels until the superior and inferior limits of the epidural mass have been reached.
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Pediculectomy (Fig. 17.10)

Figure Procedural Steps Pearls

Fig. 17.10 If not already disrupted by tumor a bur is used 
to perform a partial facetectomy at the location 
of the pedicle and neural foramen. The pedicle 
is drilled dow n to the level of the posterior 
vertebral body. A Kerrison rongeur can be used 
to remove more of the facet to expose the 
neural foramen if tumor is occupying this area.

•  Many tumors arising from the vertebrae have eroded the 
pedicles. If there is lateral and ventral tumor without pedicle 
erosion, it  will be necessary to drill the pedicle down to the 
posterior aspect of the vertebral body to remove tumor 
without retracting the thecal sac and spinal cord. Unilateral 
pediculectomy in the thoracic spine does not necessarily 
require stabilization, while bilateral pediculectomies do.

•  A costotransversectomy can be performed if substantial 
vertebral body erosion has occurred and instrumentation in 
planned to improve anterior column support (see Chapter 15).
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Lateral and Ventral Tumor Removal (Fig. 17.11)

Figure Procedural Steps

Fig. 17.11 Without retracting the thecal sac and spinal cord, lateral and ventral tumor is removed w ith Pen eld and 
Woodson dissectors. Dow n-going spinal curettes can be used to push ventral tumor away from the thecal sac. 
The tumor is collected by suction and small pituitary rongeurs.
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Special Considerations
Spinal Epidural Hematoma
Spinal anesthesia is used for surgeries of the lower ext rem i-
t ies, such as h ip  ar throplasty and am putat ions, and in  obstet-
rics. Risk of an  SEH is   1:150,000 to 1:190,000 in  th is context . 
The prim ary predisposing factors are t raum at ic inser t ion  and/
or rem oval of the catheter and coagulopathy. However, given 
the h igh r isk of deep vein  throm bosis (DVT) in  both  h ip ar-
throplast y and lower ext rem it y am putat ions, curren t  recom -
m endat ions endorse in it iat ion  of therapeut ic an t icoagulat ion  
2 hours after the spinal needle is inser ted or epidural catheter 
is rem oved. Ant icoagulat ion  should be fur ther delayed if there 
is a  hem orrhage.2

Postoperat ive SEH surfaces as a par t icularly per t inent  topic 
in  the set t ing of postoperat ive DVT/pulm onary em bolism  pro-
phylaxis. Postoperat ive SEH should be suspected in  any pat ient  
w ho develops new  neurologic de cits after surgery. Incidence 
across m any studies is 1% or less. Preoperat ive coagulopathy is 
the m ost im portant r isk factor. Other r isk factors include age 
greater than 60; use of nonsteroidal ant i-in  am m atory drugs 
(NSAIDs); Rh1  blood group; greater than 5-level procedure; 
hem oglobin  level less than 10; blood loss greater than 1 L; and 
in ternat ional norm alized rat io (INR) greater than 2.0 in  the  rst  
48 hours. Current ly there is insu cient  evidence to o er pre-
cise recom m endat ions of w hen to star t  postoperat ive chem o-
prophylaxis for DVTs.3

Traum at ic SEH has been associated w ith  spinal fractures. In  
one series, approxim ately half of pat ients w ith  a t raum at ic spi-
nal fracture also su  ered from  an SEH. In  th is series, t reatm ent  
focused exclusively on the fracture. The outcom e in  pat ients 
w ith  neurologic de cits were equivalent in  both  the group w ith  
a t raum at ic SEH and the group w ithout .24

Spinal Epidural Abscess
The underlying condit ion  that  predisposed the pat ient  to de-
veloping a spinal abscess should be invest igated, if not  im m e-
diately know n. While perfect ly healthy pat ients can  develop a 
spinal abscess w ithout  other r isk factors, th is is ext rem ely rare 
and a search  for a predisposing factor should be under taken 
at  the sam e t im e as the t reatm ent  itself. Ant ibiot ics should be 
cont inued for several weeks after drainage, if under taken, and 
the durat ion  w ill depend on the infect ious agent  and local sen-
sit ivit ies. The in  am m ation surrounding the spinal cord from  
the infect ion  can cause local throm bosis and ischem ia, and the 
associated hypotension that  can  norm ally develop from  any spi-
nal cord injury or shock m ay worsen th is e ect . If the pat ient  
has any signs of hypotension, at  least  acutely, th is should be 
m anaged, possibly in  an  in tensive care environm ent , unt il the 
pat ient  is stabilized or at  least  for the  rst  48 hours or so.

MESCC
Em erging technologies becom ing increasingly relevant, especially 
for those w ho cannot tolerate surgery, include stereotactic radio-
surgery, proton beam , radiofrequency ablation, and cryotherapy. 

Closing
• The wounds are irr igated copiously w ith  norm al saline.
• All ep idu ral bleed ing sh ou ld  be coagu lated  an d  h em ostat ic 

m ater ial can  be left ,8 as long as t h e  h em ost at ic subst an ce 
is n ot  left  in  a  w ay that  w ill cause im m ediate  or  delayed 
(due to sw elling of th e  m ater ial over  t im e) sp in al cord 
com pression .

• A suct ion  drainage device m ay be left  in  the subfacial plane in  
the postoperat ive period.

• The m uscle and facial layers are closed w ith  no. 0 absorbable 
suture. The facia is closed t ight ly w ith  no gaps.
The subcutaneous layer is closed w ith  2–0 or 3–0 absorbable 

suture and the skin  is closed w ith  staples.

Postoperative Management
Monitoring
• Close neurologic m onitoring should be perform ed in  all cases 

after surgery.
• SEH: if a coagulopathy were present  preoperat ively, it  should 

be followed w ith  hem atology laboratories and t reated to nor-
m al values for at  least  1 to 2 days afterward surgery. Treat-
m ent  beyond that  rarely has bene t , as the pat ient  w ill revert  
to their norm al state eventually.

• SEA: While single values of erythrocyte sedim entat ion  rate 
(ESR)/C-react ive protein  (CRP) are m inim ally inform at ive, se-
rial ESR and CRP levels can  be t rended to re ect  the course 
of infect ion .

Medication
• SEA: Ant ibiot ics are cont inued up to 12 weeks  postoperat ively, 

though the usual course is 4–6 weeks. Therapy should be 
in it iated w ith  IV ant ibiot ics, and can be t ransit ioned to oral 
 ant ibiot ics at  a later t im e. As cultures yield a causat ive agent , 
coverage can  be narrowed accordingly.

• MESCC: Chem otherapy is lim ited except for a few  chem o-
sensit ive ent it ies such as Ew ing sarcom a and neuroblastom a. 
Depending on the extent  of decom pression, steroids m ay be 
cont inued or tapered.

Radiographic Imaging
• MESCC: Recurrence should be watched for via posit ron  

em ission  tom ography (PET)/CT, MRI, or CT scan . Progres-
sive spinal deform it y m ay suggest  either tum or recurrence 
or progression , or developm ent  of late radiat ion -induced 
osteonecrosis.

Adjuvant Treatments
• MESCC: Radiat ion therapy is usually an appropriate adjunct to 

t reatm ent postoperat ively after rem oval of epidural tum ors.
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Minim ally invasive surgical treatm ents m ay lower the bar for 
surgical intervention, especially if it facilitates reoperation or 
 reim aging w ith less art ifact If postoperative radiation is antici-
pated, incision placem ent m ay be m odi ed in a m anner that w ill 
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allows docum entat ion  of the post  void residual. A post  void 
residual over 100 m L suggests a neurogenic bladder.

• Bowel funct ion is not usually apparently disturbed in acute 
cauda equina syndrom e. Patients m ay have severe constipation  
and impacted stool. Diarrhea or “loss of bowel” issues are not  
com m on  ndings in acute cauda equina syndrom e.

• For pat ients w ith  a t raum at ic lum bar fracture as the cause of 
an  acute cauda equina syndrom e, surgery m ay be required to 
address neurologic issues as well as spinal colum n stabilit y.

• This chapter depicts decompression for an  acutely herniated 
lum bar disk causing signi cant  spinal canal com prom ise.

Preprocedure Considerations
Radiographic Imaging
• MRI is the preferred im aging study to evaluate for severe 

lum bar com pression. T2-weighted MRI is excellent  in  show -
ing the absence h igh in tensit y cerebrospinal  u id signal at  
the level of the compression (Fig. 18.1).

• If MRI in  unavailable or pat ient  factors preclude get t ing an  
MRI, then a com puted tom ography (CT) myelogram  m ay 
dem onstrate severe stenosis or a complete block to contrast  
 ow  at  the level of com pression.

• For pat ients w ith  t raum at ic lum bar fractures, X-rays and CT 
scans are essent ial to evaluate alignm ent  and fractures.

Medication
• Ant ibiot ics are adm inistered prior to incision .
• Updated guidelines released in  2013 recom m end against  the 

use of steroids in  spinal cord injury. The guidelines conclude, 
“In sum m ary, there is no consistent  or compelling m edi-
cal evidence of any class to just ify the adm inistrat ion of MP 
[m ethylprednisolone1,2] for acute SCI [spinal cord injury]. Both  
consistent and compelling Class I, II, and III m edical evidence 
exists suggest ing that  high-dose MP adm inist rat ion is associ-
ated w ith a variety of complicat ions including infect ion, respi-
ratory comprom ise, GI hem orrhage, and death. MP should not  
be rout inely used in  the t reatm ent of pat ients w ith acute SCI.”3

Introduction
Acute cauda equina syndrom e is the sudden com pression of the 
nerves in  the lum bar cistern  result ing in  pain  and neurologic 
impairm ent . The spinal cord ends at  approxim ately the L1 to 
L2  levels and, therefore, cauda equina com pression involves the 
nerve roots rather the spinal cord. Clin ically it  m ay not be pos-
sible to di erent iate between a conus m edullaris injury versus 
a cauda equina syndrom e. Neurologic m anifestat ions include 
bilateral leg weakness, loss of sensat ion , and bladder and  bowel 
problem s. True cauda equina syndrom e is rare because the 
nerve roots are m ore resistant  to com pression than the spinal 
cord. Acute cauda equina syndrom e therefore requires severe 
com pression and a rapid onset  of compression. Causes include 
an  acute lum bar disk herniat ion  or a lum bar fracture/disloca-
t ion . Chronic com pression is an  ext rem ely rare cause of cauda 
equina sym ptom s. Treatm ent involves generally a w ide lum bar 
lam inectomy and rem oval of the compression. In  cases w here 
there is a fracture or dislocat ion , spinal reduct ion and inst ru-
m entat ion  m ay be necessary. Other causes of cauda equina 
syndrom e include hem atom as, tum ors, and infect ions such as 
epidural abscesses.

Indications
• Pat ients w ith  acute cauda equina syndrom e have leg weak-

ness, decreased lower extrem ity sensat ion , and bladder 
retent ion . Im aging studies show  severe lum bar acute com -
pression. Pat ients also generally have severe lower back and 
bilateral leg pain.

• Som e lum bar stenosis is a com m on  nding on m agnet ic 
resonance im aging (MRI) scans. Cauda equina syndrom e is 
not  possible unless the stenosis is very severe. Addit ionally, 
m ost pat ients w ith  very severe lum bar stenosis do not  have 
cauda equina syndrom e. For a cauda equina syndrom e to oc-
cur there usually is an  acute worsening of the baseline steno-
sis. Som et im es a sm all acute disk m ay be superim posed on 
chronic severe stenosis.

• Pat ients w ith  acute cauda equina syndrom e have urinary re-
tent ion . Bladder catheterizat ion  after the pat ient  t r ies to void 
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Foley Catheter Placement
• Pat ients m ay have signi cant  urinary retent ion  leading to hy-

potension because of bladder distension.

Fig. 18.1 Lumbar T2-weighted MRI sagit tal and axial images with severe stenosis at L5-S1.

Operative Field Preparation
• Alcohol prep is perform ed before povidone iodine or chlorhex-

idine applicat ion .
• The incisions are m arked and in  lt rated w ith  1% lidocaine 

w ith  epinephrine 1:100,000.
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Operative Procedure
Positioning (Fig. 18.2)

Figure Procedural Steps Pearls

Fig. 18.2 Patient positioning. The 
patient is positioned 
prone. X-ray or  uoroscopy 
is used to localize the level 
and plan the incision.

•  There are several options for beds. Bolsters can be used for the chest. A Wilson frame 
allows for opening up of the lumbar spine. A spinal table with hip and chest pads avoids 
abdominal compression and may reduce bleeding due to venous congestion. In patients 
undergoing a fusion, a Wilson frame should be used carefully to avoid an iatrogenic  at 
back syndrome.
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Skin Incision (Fig. 18.3)

Figure Procedural Steps

Fig. 18.3 (a) The incision is made w ith a no. 10 blade and extends about 5 cm.  
(b) A monopolar is used to extend the incision through the posterior lumbar fascia.
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Subperiosteal Dissection (Fig. 18.4)

Figure Procedural Steps Pearls

Fig. 18.4 The monopolar is used to strip 
the paraspinal muscles from the 
spinous process and lamina. The 
medial facet joint is exposed.

•  Staying in the subperiosteal space helps reduce bleeding. Constant bleeding from 
the muscle may interfere with subsequent steps. Preserving the facet capsule rather 
may prevent future facet arthropathy. Fluoroscopy or X-ray imaging is used to 
con rm the level.
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Lumbar Laminectomy (Fig. 18.5)

Figure Procedural Steps Pearls

Fig. 18.5 The spinous process is removed and the lamina is removed using a 
high-speed drill, Kerrison, and/or Leksell rongeurs. A high-speed drill is 
helpful for performing a partial medial facetectomy.

•  The pars articularis is preserved to 
maintain lumbar stability.
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Lumbar Diskectomy (Fig. 18.6a, b)

Figure Procedural Steps Pearls

Fig. 18.6 (a) The dura is retracted and if there is a 
signif cant disk herniation component, the 
disk fragment is removed. The disk space 
is often incised and disk material removed 
with pituitary rongeurs under magnif cation. 
(b) The nerve root and thecal sac are inspected 
for any remaining fragments or compression.

•  With a large ventral disk herniation, dural retraction may be very 
di cult  or impossible initially. More bone may need to be removed 
laterally. As the decompression progresses, dural retraction is easier.
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decompression for spinal cord injury.8 The literature reviewed 
was m ainly spinal cord injury data rather than cauda equina in -
juries. Fehlings et  al concluded that  early decom pression w ith in  
24 hours is recom m ended for spinal cord injuries.9 Gleave et  al, 
Qureshi et  al, and Olivero et  al showed surgical t im ing did not  
a ect  pat ient  outcom e in  cauda equina syndrom e.10–12 Rather, 
outcom e was dependent  on  the pat ient’s preoperat ive neuro-
logic status. Cases of cauda equina syndrom e should be t reated 
expedit iously.13 While absolute t im ing m ay not  m ake a di er-
ence, earlier surgical in tervent ions seem s to prevent fur ther 
deteriorat ion .

Cauda equina syndrom e injuries should be dist inguishable 
from  injuries to the conus m edullaris. The conus m edullaris is 
the term inal port ion  of the spinal cord and represents a central 
nervous system  st ructure. Outcom es m ay be di erent  w ith  co-
nus injuries.
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Closing
Lumbar Incision
• The wound is heavily irr igated.
• A m edium  suct ion  drainage device is placed deep and brought  

out through a separate skin  incision.
• The poster ior lum bar fascia is reapproxim ated using 0 ab-

sorbable suture in  an  in terrupted fashion. In terrupted loose 
m uscle sutures to obliterate dead space are opt ional.

• The subcutaneous t issue is closed using several in terrupted 
2-0 Vicryl sutures.

• The skin is closed w ith staples or a m ono lam ent nylon suture.

Postoperative Management
Medication
• Two to three doses of prophylact ic ant ibiot ics in  the im m edi-

ate postoperat ive period are opt ional. Longer term  ant ibiot ics 
or ant ibiot ics for drain  m anagem ent are discouraged.

Further Management
• Drains are rem oved w hen drainage is m inim al (less than 

50 m L per shift ).
• Skin  sutures or staples are rem oved after 2 weeks.

Special Considerations
Timing of Surgery
The t im ing of surgery and in  uence on outcom e in cases of 
cauda equina surgery is the subject of m ultiple invest igat ions.4 
The literature indicates outcom e is m ore related to preoperat ive 
condit ion than the speci c t im ing of intervention. Studies show  
people w ith complete urinary incontinence have a poor outcom e 
and pat ients w ith a weak stream  or decreased sensat ion having 
a bet ter outcom e. Shapiro et al reported an improvem ent for 
pat ients operated on w ithin 48 hours5 after review ing 14 pat ients 
w ith cauda equina syndrom e. All patients had bilateral sciat ica 
and leg weakness. Of the 14 pat ients, 13 had urinary inconti-
nence, 9 m assive disk herniat ions, and 5 sm all disk herniations 
superimposed on stenosis. All pat ients were am bulatory. Shapiro 
found 7/10 pat ients w ith no incontinence had surgery w ithin  
48 hours. The four pat ients w ith incontinence after surgery all 
had surgery after 48 hours. Shapiro et al concluded surgery w ith-
in  48 hours is warranted in  cauda equina pat ients.

Tator et  al used a survey to determ ine current  pract ices in  
t im ing of surgery for spinal cord injury. Of the 585 cases they 
surveyed, 5.6% were cauda equina cases.6 In  general 23.5% of pa-
t ients had surgery w ith in  24 hours of injury. In  another study, 
Tator et  al found no im provem ent w ith  acute surgery for spinal 
cord injury.7 The cohor t  of 208 pat ients included som e pat ients 
w ith  cauda equina injury. In  a review  of the literature, Fehlings 
et  al concluded anim al studies show  bet ter outcom e w ith  early 

TH_Ullman_CH18.indd   309 3/20/15   4:43 PM



TH_Ullman_CH18.indd   310 3/20/15   4:43 PM



III  Nontraumatic Emergencies

TH_Ullman_CH19.indd   311 3/20/15   7:55 PM



19 Removal of Spontaneous  
Intracerebral Hemorrhages
Just in Mascitelli, Yakov Gologorsky, and Joshua Bederson

312

Preprocedure Considerations
Radiographic Imaging
• Computed tomography (CT) can be obtained rapidly and clearly 

demonstrates high density blood within brain parenchyma. In  
addition, the ellipsoid method (diameter of the clot in each di-
mension: anteroposterior [AP], lateral [LAT], and height [HT]) can  
be used to calculate ICH volume and has prognostic signi cance.6

 ◦  Ellipsoid volum e 2  AP 3  LAT 3  HT / 2
• Magnet ic resonance im aging (MRI) is not the in it ial diag-

nost ic im aging m odalit y of choice due to the t im e needed to 
complete the study as well as the com plicated appearance of 
acute blood on MRI.7

• CT angiography (CTA) is recom m ended for all pat ients ex-
cept those older than 45 years of age w ith  preexist ing hy-
pertension and ICH in  the thalam us, putam en, or cerebellum  
(Fig. 19.1).8 CTA has lower yield for cerebellar ICH in  com pari-
son to supratentorial ICH.

• Preoperat ive im aging (Fig. 19.2).

Introduction
Spontaneous in t racerebral hem orrhage (ICH) accounts for 10–
30% of all st rokes and is a signi cant  cause of m orbidity and 
m ortalit y around the world. Although it  is the second m ost 
com m on form  of st roke after ischem ic infarct , spontaneous ICH 
is the m ost deadly t ype of st roke w ith  a 30-day m ortalit y as 
h igh as 50%. Unlike ischem ic infarcts, spontaneous ICH usually 
progresses over m inutes to hours often  w ith  worsening head-
ache, nausea, vom it ing, alterat ions of conscious, and deteriorat-
ing neurologic status. The m ost  com m on locat ion  for a sponta-
neous ICH is deep (including the basal ganglia, thalam us, and 
in ternal capsule) followed by lobar, cerebellar, and brainstem . 
Rapid diagnosis and m anagem ent is crucial as early deteriora-
t ion  is com m on w ith in  the  rst  few  hours after onset .1,2

Indications
Supratentorial ICH
• Precise indicat ions for surgery are cont roversial1–4 and should 

be based on the individual pat ient’s neurologic condit ion , the 
size and locat ion  of the hem atom a, the pat ient’s age, and the 
fam ily’s w ishes.

• The 2010 Am erican Stroke Association/Am erican Heart Associ-
at ion (ASA/AHA) guidelines recom m end standard craniotomy 
for lobar clots greater than 30 m L and w ithin 1 cm  of surface.

• In  general, factors that  favor surgical m anagem ent5 include:
 ◦  Lesions w ith  m arked m ass e ect , edem a, or m idline shift;
 ◦  Lesions w ith  sym ptom s that  appear to be secondary to in-
creased in t racranial pressure (ICP) or m ass e ect;

 ◦  Moderate clot  volum e;
 ◦  Persistent ly elevated ICP despite m axim al m edical 
m anagem ent;

 ◦  Rapid neurologic deteriorat ion;
 ◦  Favorable locat ions: lobar, cerebellar, external capsule, 
nondom inant  hem isphere;

 ◦  Young age;
 ◦  Onset  of sym ptom s less than 24 hours old.

Infratentorial ICH
• 2010 ASA/AHA indicat ions for surgical evacuat ion of cerebel-

lar ICH1

 ◦  Pat ients w ho are deteriorat ing neurologically
 ◦  Brainstem  com pression
 ◦  Hydrocephalus from  ventr icular obst ruct ion

Fig. 19.1 CTA demonstrating right cerebellar arteriovenous malformation 
with associated intracranial hemorrhage and intraventricular hemorrhage 
(IVH).
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early seizures in  pat ients w ith  lobar ICH.
• Glucose should be m onitored and norm oglycem ia m aintained.
• Platelet  t ransfusion and factor replacem ent should be given 

to all pat ients w ith  severe throm bocytopenia or coagulat ion  
factor de ciency, respect ively. For pat ients w ith  a coagu-
lopathy, considerat ion  should be given to giving protam ine 
sulfate, vitam in K, fresh  frozen plasm a, cryoprecipitate, or 
other clot t ing factors. For pat ients w ith  a h istory of ant iplate-
let  m edicat ion  use, the authors prefer desm opressin  acetate 
alone for those undergoing conservat ive m anagem ent  and 
desm opressin  plus platelet  t ransfusion for those undergo-
ing surgical m anagem ent . Currently recom binant  factor VIIa 
(rFVIIa) is not  recom m ended given it s throm boem bolic r isk.9

• Regarding the prevent ion of deep venous throm bosis and 
pulm onary em bolism , all pat ients should have in term it tent  
pneum at ic compression, and pharm acological prophylaxis 
should be considered once cessat ion  of bleeding has been 
docum ented.

• Treatm ent of elevated ICP should begin  w ith  simple m easures 
such as head of bed elevat ion , analgesia, and sedat ion . More 
aggressive m easures to reduce ICP include osm ot ic diuresis, 
cerebrospinal  uid (CSF) drainage, paralysis, hypervent ila-
t ion , hypotherm ia, and barbiturate com a.

• Pat ients w ith  obst ruct ive hydrocephalus should undergo 
em ergent  placem ent of an  external ventricular drain  (EVD) in  
the in tensive care unit  prior to surgery. Alternat ively, an  EVD 
m ay be placed in  the operat ing room  at the t im e of surgery as 
long as th is is done expedit iously.

• In  the authors’ experience, upward cerebellar herniat ion  due 
to EVD over-drainage is ext rem ely rare. Nonetheless, EVD 
drainage should be lim ited by set t ing a gradient no less than 
10 cm  H2O prior to surgery.

Operative Field Preparation
• The exposed skin  is sterilized w ith  povidone iodine or 

chlorhexidine applicat ion .
• The incision is m arked and in  lt rated w ith  1% lidocaine w ith  

epinephrine 1:100,000.

Initial Management and 
Medication1,2

• In it ial m onitoring should take place in  an  in tensive care unit  
or other m onitored set t ing.

• Blood pressure should be prom ptly but not  over-aggressively 
cont rolled. In  pat ients present ing w ith systolic blood pressure 
(SBP) of 160–220 m m  Hg, the authors prefer n icardipine infu-
sion  w ith  a goal SBP of 140–160 m m  Hg.

• For pat ients w ith  clin ical seizures or elect roencephalography 
(EEG) evidence of seizure act ivit y, the authors prefer phenyt-
oin . Although seizure prophylaxis is debated in  the set t ing of 
ICH, the authors also prefer phenytoin  for the prevent ion  of 

Fig. 19.2 Case example: frontal craniotomy. CT head demonstrating 
large right frontal intracranial hem orrhage with mild mass e ect and 
midline shift and no hydrocephalus.
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Operative Procedure
Frontal Craniotomy10

Positioning and Skin Incision (Fig. 19.3)

Figure Procedural Steps Pearls

Fig. 19.3 The patient is placed supine on the operating table.

The May eld skull clamp is placed w ith the single pin at the equator 
in contralateral frontal bone above the orbit and the paired pins 
placed at the equator in the ipsilateral occipital lobe.

Alternatively, the patient’s head may be placed on a horseshoe or a 
donut w ithout a May eld clamp.

The head is rotated as far as possible to the contralateral side w ithout 
obstructing the airway or venous drainage.

The super cial temporal artery (STA) should be palpated at the level 
of the zygoma and the vertical limb of the incision should be placed 
between the artery and the tragus.

The incision begins at the zygoma and then curves posteriorly to the 
parietal eminence and upward from the auricle to reach 2 cm from 
the midline.

The incision is then carried forward to the frontal region and curved 
across the midline just behind the hairline.

•  A frontal craniotomy is described here. Of 
course, the exact craniotomy should always 
be tailored to the location of the ICH.

•  Su cient time should be devoted for ICH 
localization before the incision is marked. The 
patient’s head position should be correlated 
with the CT scan. It  is often helpful to draw 
the planned craniotomy on the scalp.

•  If t ime permits, a volumetric CT scan may be 
obtained and intraoperative navigation may 
be used for precise localization of the ICH.

•  When applying the May eld clamp, the 
frontal sinus and mastoid air cells should be 
avoided.

•  Care should be taken to avoid the frontal 
branch of facial nerve that originates just 
below the root of the zygoma and travels in 
the super cial temporal facia to the orbital 
rim.11

•  Care should also be taken when dissecting 
adjacent to the auricle to not violate the 
external auditory canal.
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Figure Procedural Steps Pearls

Fig. 19.4 The skull is then exposed by incising the temporalis muscle 
posteriorly and superiorly and elevating the muscle anteriorly 
and inferiorly w ith a periosteal elevator.

The approach of Spetzler and Lee12 involves leaving a cu  of 
temporalis superiorly that can be used during the closure.

•  Use of electrocautery to elevate the temporalis 
muscle may result  in injury to the trigeminal 
nerve motor  bers. Mechanical elevation with 
a periosteal elevator is preferred.

Subcutaneous Dissection (Fig. 19.4)
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Craniotomy (Fig. 19.5)

Figure Procedural Steps Pearls

Fig. 19.5 The craniotomy should be started w ith a single bur 
hole, the location of w hich is tailored to the planned 
craniotomy (in this case, it is placed at the posterior 
superior temporal line).

The craniotomy is then w idened using the craniotome.

A high speed drill can be used to  atten the orbital 
roof and remove the inner table of the frontal bone if 
needed.

•  It  is helpful to again re-correlate with the 
CT scan prior to making the craniotomy.

•  While drilling the inner table of the 
frontal bone, care should be taken not 
to enter the orbit  or frontal sinus. If this 
were to occur, the orbit  can be packed 
with oxidized cellulose and the sinus with 
muscle/fascia.

•  If the temporal air cells are entered, they 
should be thoroughly waxed.
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Dural Opening (Fig. 19.6)

Figure Procedural Steps Pearls

Fig. 19.6 Before opening the dura, tack up sutures should be placed 
along the entire craniotomy to prevent postoperative 
epidural hematoma formation.

There are many fashions in w hich the dura may be opened. 
The authors prefer a C-shaped opening with the dura 
re ected anterior/inferiorly in the same direction as the 
scalp/muscle.

•  Placement of dural tack ups may be 
delayed until after ICH evacuation if 
the patient is actively herniating and 
immediate ICH evacuation is necessary.
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Hematoma Evacuation (1)13 (Fig. 19.7a, b)

Figure Procedural Steps Pearls

Fig. 19.7 (a) A corticotomy is then performed w here the 
hematoma comes closest to the surface (a).

Bipolar cautery should be used along the planned 
cortical incision to prevent bleeding.

The cortical incision is then made using a no. 11 
blade.

•  Eloquent tissue should be avoided when choosing the 
location for the corticotomy.

•  Intraoperative ultrasound may be used if the ICH does 
not come to the cortical surface. (b) Intraoperative 
ultrasound image of a large frontal basal ganglia 
hematoma (arrow).

a b
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Hematoma Evacuation (2) (Fig. 19.8)

Figure Procedural Steps Pearls

Fig. 19.8 A malleable can be used to gently retract the cortical opening.

The hematoma is then evacuated from w ithin the cavity. The 
center of the hematoma is evacuated  rst followed by the 
peripheral blood.

Bipolar cautery is used to stop bleeding from the cavity walls. 
Gelatin sponge and oxidized cellulose available in various forms 
may also be used for  nal hemostasis.

•  Self-retaining retractors are not advised as they 
can damage normal parenchyma.

•  The operating microscope may be used for this 
part of the case for increased illumination and 
magni cation, if needed.

•  Special at tention should be paid for small 
tumors, cryptic arteriovenous malformations 
(AVMs), and cavernous angiomas.
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Closing
• Once adequate hem ostasis has been achieved, the dura is 

closed using running or in terrupted 4-0 braided nylon su-
tures (the dura m ay be left  open if increased ICP is a potent ial 
concern).

• The bone  ap is placed and secured w ith  plates and screws 
(the bone plate m ay be m arsupialized in  the abdom en if in-
creased ICP is a potent ial concern).

Fig. 19.9a, b Case example: midline suboccipital craniectomy. (a) Large cerebellar intracranial hemorrhage causing e acement of the fourth 
ventricle and brainstem compression. (b) Hydrocephalus secondary to fourth ventricular compression.

a b

Midline Suboccipital Craniectomy10 (Fig. 19.9a, b)

• The wound is copiously irr igated.
• A m edium  suct ion  drainage device is placed in  the subgaleal 

plane.
• The temporalis m uscle is reapproxim ated w ith  2-0 braided 

absorbable sutures.
• The galea is approxim ated w ith  3-0 braided absorbable su-

ture in  an  inverted, in terrupted fashion.
• The skin  is closed w ith  3-0 nylon suture in  a running fashion 

or staples.
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Figure Procedural Steps Pearls

Fig. 19.10 The head is  xed in a May eld skull clamp w ith the 
single pin on the linea temporalis anterior to one 
external auditory meatus (EAM) and the paired 
pins on the opposite linea temporalis (one pin over 
the EAM and one pin anterior to the EAM).

The patient is placed in the prone position on the 
operating table on bolsters.

The head should be in  exion with as much 
distraction as possible.

•  The midline suboccipital craniectomy is described 
here. The lateral suboccipital craniectomy can 
also be used for more lateral cerebellar ICHs.

•  Care should be taken to not hyper ex the neck 
and compromise the airway as well as to inspect 
and pad all pressure points.

•  If not done already, an EVD should be placed  rst. 
Once it  has been secured, the patient should be 
turned to the prone position for the craniectomy.

Positioning (Fig. 19.10)
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Skin Incision and Subcutaneous Dissection (Fig. 19.11)

Figure Procedural Steps Pearls

Fig. 19.11 A linear midline skin incision is made from the 
inion to the upper cervical vertebrae.

The subcutaneous musculature is divided along the 
midline raphe. The muscle is re ected laterally.

•  The inferior extent of the incision should 
be determined by the size of the planned 
craniectomy and need for C1 or C2 laminectomy.

•  The midline raphe is avascular and blood loss can 
be minimized by remaining along that plane.
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Craniectomy (Fig. 19.12a, b)

a

Figure Procedural Steps Pearls

Fig. 19.12 The craniectomy is made from just below  the inion/torcula and 
carried dow nward toward the foramen magnum.

There are a number of ways to perform the craniectomy; (a) the 
authors prefer to thin the bone w ith a high speed drill and then  
(b) complete the bone removal w ith rongeurs and punches.

•  The location and size of the lesion will 
determine the extent of the craniectomy; 
occasionally the posterior arch of C1 will 
need to be removed.
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b
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Figure Procedural Steps

Fig. 19.13 There are a number of ways to perform the dural opening ; the authors prefer a Y-shaped opening w ith 
the superior dural  ap re ected over the transverse sinus.

Dural Opening and Hematoma Evacuation (Fig. 19.13)
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Hematoma Evacuation (Fig. 19.14)

Figure Procedural Steps Pearls

Fig. 19.14 A cerebellar hematoma should be 
evacuated using the same techniques as 
a supratentorial hematoma.

•  If the cerebellum is noted to be signi cantly swollen or 
irritated, consideration should be given to resection of a 
portion of the cerebellar hemisphere.
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Closing
• Once adequate hem ostasis has been achieved, the dura is 

closed using running or in terrupted 4-0 braided nylon su-
tures (Valsalva m aneuver should be used to assure a water-
t ight dural closure).

• If the cerebellum  is swollen , considerat ion  should be given to 
a dural patch  graft .

• The wound is heavily irr igated.
• A m edium  suct ion  drainage device is placed in  the epidural/

subfacial plane.
• The m uscle and fascia should be approxim ated in  layers us-

ing 2-0 braided absorbable suture (again , a water t ight fascial 
closure should be obtained to prevent  CSF leakage through 
the wound).

• The derm is is approxim ated w ith 3-0 braided absorbable su-
ture in  an  inver ted, in terrupted fashion.

• The skin  is closed w ith  3-0 nylon suture in  a running fashion 
or staples.

Postoperative Management5

• Pat ients should be m onitored in  an  in tensive care unit .
• Complete postoperat ive labs should be obtained and the pa-

t ient  should be kept NPO (nothing by m outh).
• A CT scan of the head should be obtained to evaluate the de-

com pression and vent ricular size (Figs. 19.15  and 19.16).
• It  is opt ional to give two to three doses of prophylact ic ant ibi-

ot ics in  the im m ediate postoperat ive period.
• Speci cally for cerebellar ICH

 ◦  During the postoperat ive evaluat ion , check for respiratory 
rate and pat ter, hyper tension, and evidence of CSF leak.

 ◦  Consider keeping pat ient  in tubated for 24 to 48 hours as 
a precaut ionary m easure as respiratory arrest  can  occur 
suddenly.

 ◦  Hypertension should be avoided.
 ◦  Postoperat ive edem a or hem atom a are com plicat ions that  
can  be seen in  the im m ediate postoperat ive period and be 
rapidly fatal.

 ◦  Standard EVD m anagem ent should be used and is not  de-
scribed in  detail here.

• Drains should be rem oved on postoperat ive day 1 or 2.
• Sutures or staples should be rem oved 1 to 2 weeks after 

surgery depending on surgeon preference.

Special Considerations
Other Surgical Considerations
In  addit ion  to standard craniotomy, m ore m inim ally invasive 
techniques have been considered including endoscopic aspira-
t ion  and stereotact ic infusion of throm bolyt ics in to the clot  cav-
it y. Endoscopic aspirat ion  via a single bur hole has been show n 
to im prove outcom e.14 Although infusion of throm bolyt ics has 
been show n to reduce clot  burden and risk of death , rebleeding 
is a greater concern  and funct ional outcom e is not necessarily 
improved.15 Both  m inim ally invasive techniques are st ill under 
invest igat ion. Current ly there is too lit t le data to com m ent on 
the role of decom pressive hem icraniectomy as a t reatm ent  
opt ion for spontaneous ICH although it  has been show n to be 
bene cial for deep ICH in  anim al m odels.16 Surgical t im ing re-
m ains controversial as well as the de n it ion of “early surgery.” 
Currently there is no clear evidence that  there is a bene t  from  
either ult ra early or delayed evacuat ion . In  fact , u lt ra early 
craniotomy has been associated w ith  recurrent bleeding.1

Arteriovenous Malformation-
Associated ICH
Spontaneous ICH can be secondary to AVM, aneurysm , or ve-
nous angiom a rupture. AVM hem orrhage produces ICH in  
82% of cases and less com m only in t ravent ricular hem orrhage 
(IVH), subarachnoid hem orrhage (SAH), or subdural hem or-
rhage (SDH). AVM resect ion  is generally an  elect ive procedure. 
Many recom m end, if possible, delaying AVM surgery weeks to 
m onths after hem orrhage thus allow ing the pat ient  to stabilize 
and the clot  to liquefy.17–19 It  has been suggested that  if an  AVM 
associated ICH is m anaged operat ively, the hem atom a should 
be addressed  rst  as well as aggressive m anagem ent  of in t raop -
erat ive ICP20 and that  the AVM should only be addressed at  the 
sam e t im e if it  is super cial w ith  easily elucidated anatomy.21

As a caut ion, if AVM bleeding occurs, hem ostasis in  these 
cases can be extrem ely di cult . Gentle and prolonged tam -
ponade is often  very helpful and hem ostat ic adjuncts such as 
gelat in  sponge or pow der are im portant  tools. Occasionally 
persistent  bleeding and can be m it igated w ith  induced hypo-
tension. Cerebral perfusion pressure (CPP) should always be 
kept  in  m ind, however, especially in  pat ients w ith  elevated ICP. 

Fig. 19.15 Postoperative CT following evacuation of right frontal 
hematoma shown in Fig. 19.2.
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Rarely, AVM re-rupture during ICH rem oval leads to bleeding 
that  cannot  be cont rolled w ith  the above m ent ioned m aneu-
vers. In  these desperate circum stances, urgent  resect ion  of the 
AVM m ay be the only life-saving m easure available to the sur-
geon. If AVM resect ion  is undertaken at  the t im e of hem orrhage, 
the basic tenets of AVM surgery should st ill be m aintained: 
w ide exposure, occlusion of large feeding ar ter ies  rst , circum -
ferent ial dissect ion  of the AVM nidus, system at ic separat ion  of 
the AVM from  w hite m at ter, and preservat ion of drain ing veins 
unt il the end of the procedure.19 Whenever blood loss is sig-
ni cant  enough to require m ajor infusion of  uids and t ransfu-
sion  of packed red blood cells, considerat ion  should be given to 
replenishing fresh  frozen plasm a, platelets, and other clot t ing 
factors to avoid a dilut ional coagulopathy.

Aneurysmal ICH
Aneurysm  rupture t ypically results in  SAH but  can  also produce 
ICH and usually involves aneurysm s distal to the circle of Wil-
lis such as the m iddle cerebral ar tery (MCA) or aneurysm s that  
have becom e adherent to the brain . Pat ients w ith  aneurysm al 
ICH in  general have poorer outcom es due to m ass e ect  and in -
creased ICP.22 Unlike the t reatm ent for AVM associated ICH, ult ra 
early hem atom a evacuat ion  and aneurysm  clipping in  pat ients 
w ith  poor clin ical grade has been advocated for aneurysm al 
ICH.23 There is a m uch greater im portance in  securing the an-
eurysm  given the propensity for and devastat ing consequences 
of aneurysm  re-rupture. Although catheter angiography is the 
gold standard for aneurysm  diagnosis and preoperat ive evalua-
t ion , som e advocate operat ing based on CTA alone as the delay 
could lead to worse outcom e.24 If t im e perm its, however, con-
siderat ion  should be given to preoperat ive angiography and coil 
em bolizat ion  to protect  the aneurysm  from  re-rupture and, in  

turn , allow  for a m uch safer ICH evacuat ion .25 If preoperat ive 
em bolizat ion  is not  an  opt ion  due to t im e constrain ts, the sur-
geon should be fully prepared to clip  the aneurysm .

Prior to enter ing or evacuat ing the ICH, the operat ing room  
and personnel should be prepared for potent ial aneurysm  rup-
ture. Ideally, a discussion of the follow ing steps should occur 
before the skin  incision is even m ade. The operat ing m icro-
scope should be draped and ready. A full select ion  of tem porary 
and perm anent clips should be open on the surgical  eld. The 
anesthesiologist  should be prepared to adjust  blood pressure 
rapidly. At least  two (possibly three) large suct ions should be 
prepared and ready. Once the hem atom a is entered, a conserva-
t ive evacuat ion is warranted. Part icular care should be taken 
near the bot tom  of the ICH (near the aneurysm ) to avoid undue 
m anipulat ion . If rupture occurs, suct ion  and precise tam ponade 
are perform ed w hile proxim al ar terial cont rol is obtained. The 
aneurysm  anatomy is de ned surgically and the aneurysm  neck 
is reconst ructed. After clipping and ICH evacuat ion , the pat ient  
should have im m ediate angiography, ideally in  the operat ing 
room . Finally, a th ird reasonable opt ion  includes craniectomy 
w ithout  ICH evacuat ion to im m ediately address ICP followed by 
im m ediate coil em bolizat ion .

External Ventricular Drainage
Placem ent of an EVD should be considered in  all pat ients w ith  
IVH especially those w ith blood in  the th ird ventricle, the cere-
bral aqueduct , or fourth  ventricle. Generally, the EVD should be 
placed in  the lateral ventricle contralateral to the hem orrhage 
to avoid clogging the catheter. Although in traventricular t issue 
plasm inogen act ivator (r t-PA) m ay help lyse clot and m aintain  
catheter patency,26 it  is st ill considered invest igat ional and should 
not be used if there is a suspected vascular lesion.  Importantly, 

a
Fig. 19.16a, b (a) Postoperative CT following evacuation of cerebellar hematoma shown in Fig. 19.9. (b) Hydrocephalus has also 
improved (without an EVD in this particular case).

b
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ventricular drainage alone is not  an  acceptable t reatm ent for 
cerebellar hem orrhage w ith associated hydrocephalus. These 
pat ients should undergo surgical decompression.1

References
 1. Morgenstern  LB, Hem phill JC 3rd, Anderson C, et  al. Guidelines 

for the m anagem ent of spontaneous int racerebral hem orrhage: 
a guideline for healthcare professionals from  the Am erican  
Heart  Associat ion/Am erican St roke Associat ion . St roke 2010; 
41(9):2108–2129

 2. Broderick J, Connolly S, Feldm ann E, et al; Am erican Heart  
Associat ion/Am erican Stroke Associat ion Stroke Council; Am erican  
Heart Association/Am erican Stroke Associat ion High Blood Pres-
sure Research Council; Quality of Care and Outcom es in Research  
Interdisciplinary Working Group. Guidelines for the m anagem ent 
of spontaneous intracerebral hem orrhage in  adults: 2007 update: 
a guideline from  the Am erican Heart Associat ion/Am erican Stroke 
Associat ion Stroke Council, High Blood Pressure Research Council, 
and the Quality of Care and Outcom es in Research Interdisciplin-
ary Working Group. Circulat ion 2007;116(16):e391–413

 3. Mendelow  AD, Gregson BA, Fernandes HM, et  al. Early surgery 
versus in it ial conservat ive t reatm ent in  pat ients w ith  sponta-
neous supratentorial in t racerebral haem atom as in  the In ter-
nat ional Surgical Trial in  In t racerebral Haem orrhage (STICH): a 
random ised t r ial. Lancet  2005;365(9457):387–397

 4. Teernst ra OP, Evers SM, Kessels AH. Meta analyses in  t reatm ent 
of spontaneous supratentorial in t racerebral haem atom a. Acta 
Neurochir (Wien) 2006;148(5):521–528

 5. Greenberg, Mark S. Handbook of Neurosurgery. New  York: 
Thiem e; 2010

 6. Broderick JP, Brot t  TG, Duldner JE, Tom sick T, Huster G. Volum e of 
in t racerebral hem orrhage. A powerful and easy-to-use predictor 
of 30-day m ortalit y. St roke 1993;24(7):987–993

 7. Bradley WG Jr. MR appearance of hem orrhage in  the brain . Radi-
ology 1993;189(1):15–26

 8. Zhu XL, Chan MS, Poon WS. Spontaneous in t racranial hem or-
rhage: w hich  pat ients need diagnost ic cerebral angiography? 
A prospect ive study of 206 cases and review  of the literature. 
Stroke 1997;28(7):1406–1409

 9. Diringer MN, Skolnick BE, Mayer SA, et  al. Throm boem bolic 
events w ith  recom binant  act ivated factor VII in  Spontaneous In-
t racerebral hem orrhage: results from  the factor seven for acute 
hem orrhagic st roke (FAST) t rial. St roke 2010;41:48–53

 10. Clat terbuck RE, Tam argo RJ. Surgical posit ioning and exposures 
for cranial procedures. In : Winn HR, ed. Youm ans Neurological 
Surgery. 5th  ed. Philadelphia: Saunders; 2004

 11. Yasargil MG, Reichm an MV, Kubik S. Preservat ion  of the fronto-
tem poral branch of the facial nerve using the in terfacial tem po-
ralis  ap for pterional craniotomy. Technical ar t icle. J Neurosurg 
1987;67:463–466

 12. Spetzler RF, Lee KS. Reconst ruct ion  of the tem poralis m us-
cle for the pterional craniotomy: Technical note. J Neurosurg 
1990;73:636–637

 13. Singh RV, Prusm ack CJ, Morcos JJ. Spontaneous in t racerebral 
hem orrhage: non-ar teriovenous m alform at ion , nonaneu-
rysm . In : Winn HR, ed. Youm ans Neurological Surgery. 5th  ed. 
Philadelphia: Saunders; 2004

 14. Auer LM, Deinsberger W, Niederkorn K, et  al. Endoscopic surgery 
versus m edical t reatm ent for spontaneous in t racerebral hem a-
tom a: a random ized study. J Neurosurg 1989;70(4):530–535

 15. Teernstra OP, Evers SM, Lodder J, Le ers P, Franke CL, Blaauw  G. 
Mult icenter random ized cont rolled t r ial (SICHPA). Stereotact ic 
t reatm ent of in t racerebral hem atom a by m eans of a plasm inogen 
act ivator: a m ult icenter random ized controlled t r ial (SICHPA). 
St roke 2003;34(4):968–974

 16. Marinkovic I, St rbian  D, Pedrono E, et  al. Decom pressive cra-
niectomy for in t racerebral hem orrhage. Neurosurgery 2009 
Oct;65(4):780–786

 17. Mart in  NA, Wilson CB. Preoperat ive and postoperat ive care: 
Managem ent of int racranial hem orrhage. In : Wilson CB, Stein  
BM, eds. In t racranial Arteriovenous Malform at ions. Balt im ore: 
William s & Wilkins; 1984: 121–129

 18. Solom on RA, Stein  BM. Managem ent of deep supratentorial and 
brain  stem  ar teriovenous m alform at ions. In : Barrow  DL, ed. In-
t racranial Vascular Malform at ions. Park Ridge, IL: Am erican As-
sociat ion  of Neurological Surgeons; 1990: 125–141

 19. Yasargil MG. Microneurosurgery. Vol 3B. AVM of the Brain : Clini-
cal Considerat ions, General and Special Operat ive Techniques, 
Surgical Results, Nonoperat ive Cases, Cavernous and Venous An-
giom as, Neuroanesthesia. New  York: Thiem e; 1987

 20. Jafar JJ, Rezai AR. Acute surgical m anagem ent of in t racranial ar-
teriovenous m alform at ions. Neurosurgery 1994;34(1):8–12

 21. Starke RM, Kom otar RJ, Hwang BY, et  al. Treatm ent guidelines for 
cerebral ar teriovenous m alform at ion  m icrosurgery. Br J Neuro-
surg 2009;23(4):376–386

 22. Hauerberg J, Eskesen V, Rosenorn  J. The prognost ic signi -
cance of in t racerebral haem atom a as show n on CT scanning 
after aneurysm al subarachnoid hem orrhage. Br J Neurosurg 
1994;8(3):333–339

 23. Gueresir E, Beck J, Vat ter H, et  al. Subarachnoid hem orrhage and 
in t racerebral hem atom a: incidence, prognost ic factors, and out-
com e. Neurosurgery 2008;63(6):1088–1093

 24. de los Reyes K, Patel A, Bederson JB, Frontera JA. Managem ent 
of subarachnoid hem orrhage w ith  in t racerebral hem atom a: clip -
ping and clot  evacuat ion  versus coil em bolizat ion followed by 
clot  evacuat ion . J Neurointerv Surg 2013;5(2):99–103

 25. Bergdal O, Springborg J, Hauerberg J, Eskesen V, Poulsgaard L, 
Rom ner B. Outcom e after em ergency surgery w ithout  angiogra-
phy in  pat ients w ith  in t racerebral haem orrhage after aneurysm  
rupture. Acta Neurochir (Wien) 2009;151(8):911–915

 26. Engelhard HH, Andrews CO, Slavin KV, Charbel FT. Current  m an-
agem ent of in t ravent ricular hem orrhage. Surg Neurol 2003 
Jul;60(1):15–21

TH_Ullman_CH19.indd   329 3/20/15   7:55 PM



330

subdural e usion .4 Fever is present in  m ost  cases. Headache 
and vom it ing are t ypical early  ndings. These sym ptom s m ay 
be accompanied by confusion, seizure, and focal neurologic def-
icit s (m ost com m only hem iparesis). Neurologic decline m ay be 
rapid follow ing symptom  onset . On the other hand, postsurgi-
cal subdural em pyem a m ay present  in  a delayed fashion—up to 
8 weeks follow ing in it ial in tervent ion.3 A less fulm inant course 
m ay be seen w ith  prior ant im icrobial therapy, as well as in  the 
set t ing of m etastat ic spread to the subdural space or infect ion  
of an  exist ing subdural hem atom a. Bacterial isolates are sim ilar 
to those found in  epidural abscess cases. Polym icrobial infec-
t ion  is com m on. The incidence of culture-negat ive (27–29% in  
one series) cases is greater in  subdural em pyem a5; th is m ay re-
 ect  the fast idious nature of m any anaerobic organism s.

Intracerebral Abscess
Focal, encapsulated infect ion  w ith in  the brain  t issue m ay be 
single or m ult ifocal. A single abscess t ypically arises by direct  
extension of a paranasal sinus, m astoid, or m iddle ear infect ion; 
a solitary focus m ay also arise follow ing penetrat ing t raum a. 
Mult ifocal disease m ore com m only results from  hem atogenous 
dissem inat ion  of prim ary cardiac, pulm onary, periodontal, ab-
dom inal, or derm atologic infect ion . Less than 50% of pat ients 
w ill present w ith  the classic t r iad of headache, fever, and focal 
neurologic de cit .6 In  fact , pat ients m ay present  w ith  headache 
or nausea alone. Fever, w hen present , is t ypically low -grade; 
a tem perature of greater than 101.5° F (38.6° C) should raise 
suspicion for a system ic infect ion . Focal neurologic sym ptom s 
re ect  the locat ion of the pathology. Hem iparesis is com m on.7 
New  onset of m eningism us, associated w ith  sudden neurologic 
worsening, m ay indicate rupture in to the vent ricular space. 
Mortalit y in  such cases is h igh.8 Isolated pathogens are pre-
dom inantly bacterial, com m only polym icrobial, and re ect  the 
site of origin . St reptococci are isolated in  up to 70% of cases. 
Bacteroides and Prevotella are present in  20–40% of cases and 
often  occur in  m ixed culture. Staphylococcus aureus is present 
in  10–15% of brain  abscesses—usually post t raum a or in  the 
set t ing of endocardit is—and is usually m onom icrobial. Enteric 
Gram -negat ive bacilli are present in  up to 22–33% of cases, of-
ten  in  associat ion  w ith  ot ic foci, bacterem ia, or prior neurosur-
gical procedure.9 Diagnost ic considerat ions m ust be expanded 
in  cases of im m unocom prom ise. Gram -negat ive organism s and 
fungal isolates are com m on in  cases of neutrophil de ciency, 
w hile Listeria, Nocardia, Cryptococcus, and Toxoplasm a are en-
countered in  the set t ing of T-cell de ciency.

Introduction
Space-occupying in t racranial infect ion  m ay arise via cont igu-
ous spread from  adjacent st ructures, through hem atogenous 
dissem inat ion , follow ing operat ive neurosurgical procedures, 
or after head t raum a. The sam e st ructural elem ents that  de-
 ne the various in t racranial com partm ents—epidural, subdu-
ral, parenchym al, and ventr icular—also dictate the pathways 
for spread of infect ion  across those natural barriers. Manage-
m ent t ypically involves a com binat ion  of m edical and surgical 
m odalit ies.

Epidural Abscess
Infect ion  w ith in  the space between the inner table of the cal-
varium  and dura occurs m ost  com m only as a com plicat ion  of 
paranasal sinusit is, orbital cellulit is, m astoidit is, or chronic 
ot it is m edia. It  m ay also occur follow ing t raum at ic fracture of 
the calvarium  or follow ing craniotomy. Rarely, epidural abscess 
m ay follow  from  fetal scalp m onitoring or the applicat ion  of 
halo pins to the skull.1 Clin ical presentat ion  is often  insidious. 
Headache m ay be accom panied by a relat ive paucity of other 
sym ptom s unless m ass e ect  is present  or the infect ious pro-
cess extends to the subdural space as well. Periorbital edem a 
occurs in  conjunct ion w ith  bone osteomyelit is or orbital celluli-
t is. (Pot t’s pu y tum or is the h istorical term  applied to the clin i-
cal  nding of forehead soft  t issue swelling due to the presence 
of subgaleal  uid.2) An infect ious n idus adjacent  to the pet rous 
apex m ay present  as Gradenigo syndrom e. St reptococci (Strep-
tococcus m illeri group) predom inate, though post t raum at ic and 
postcraniotomy infect ions are m ore com m only associated w ith  
staphylococci.3

Subdural Empyema
Infect ion  w ith in  the potent ial space between dura and arach-
noid m ater arises either from  the spread of infect ion  via valve-
less em issary veins (in  associat ion  w ith  throm bophlebit is) or 
via extension of an  osteomyelit is of the skull w ith  an  accom pa-
nying epidural abscess. Other predisposing condit ions include 
skull t raum a, infect ion  of a preexist ing subdural hem atom a, 
or pr ior neurosurgical procedure. A sm all num ber are m eta-
stat ic (often  from  a pulm onary source). Subdural em pyem a 
m ay also occur in  up to 10% of infants w ith  bacterial m eningi-
t is, presum ably as the result  of infect ion  of a previously sterile 
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coexistent  hydrocephalus w here shunt  placem ent r isks con-
tam inat ion, or w here m edical contraindicat ions to invasive in -
tervent ion  m ay exist .13

In  a pat ient  w ith  docum ented bacterem ia and a posit ive 
culture, considerat ion  m ay be given to a t r ial of system ic an-
t im icrobial therapy, provided the chosen agent(s) o ers good 
cent ral nervous system  penetrat ion . If the diagnosis is in  ques-
t ion  and/or there is a quest ion  of a polym icrobial infect ion  in  
an im m unocom prom ised host , considerat ion  should be given 
to early biopsy to perm it  tailoring of m edical therapy.

Preprocedure Considerations
Radiographic Imaging
• CT head pre- and post-cont rast  w ill provide basic inform a-

t ion  regarding lesion locat ion , the degree of associated ede-
m a/m ass e ect , and bony involvem ent . Cerebrit is w ill appear 
as a nonspeci c region of hypodensity. A m ore m ature ab-
scess w ill dem onstrate r ing-enhancem ent  w ith  associated 
perilesional edem a. CT of the sinuses (w ith  coronal and sagit -
tal reconst ruct ions) m ay be a necessary adjunct if cont iguous 
extension is suspected.

• MRI brain  pre- and post-gadolin ium  m ay provide addit ional 
inform at ion to assist  diagnosis and therapeut ic in terven-
t ions. MRI m ay de ne the stage of abscess or cerebrit is. In  
cases of epidural or subdural em pyem a, m agnet ic resonance 
venography (MRV) w ill de ne the extent  of sinus throm bosis, 
if present . Magnet ic resonance di usion im ages are useful in  
diagnosing subdural em pyem a, w hich often  shows hyperin -
tense signal indicat ing di usion  rest rict ion .14

• Magnet ic resonance spect roscopy or posit ron  em ission to-
m ography m ay help dist inguish  an  infect ious from  a neoplas-
t ic process.

• Lum bar puncture generally is not  necessary and, w hen a 
m ass lesion  is present , m ay be cont raindicated. Given physi-
cal separat ion  from  the subarachnoid space, cerebrospinal 
 u id should be sterile (perhaps w ith  nonspeci c in  am m a-
tory changes) in  the set t ing of epidural em pyem a.

• Blood cultures should be draw n (preferably prior to in it iat ion  
of ant im icrobial therapy).

• In  the set t ing of bacterem ia, an  echocardiogram  is  indicated 
to exclude endocardit is as the et iology for in t racranial 
infect ion .

• HIV test ing should be undertaken as the spect rum  of infec-
t ious pathology (and the approach to t reatm ent) in  the im -
m unocom prom ised populat ion  m ay di er.

• A chest  X-ray should be com pleted. A puri ed protein  deriva-
t ive skin  test  should be placed if tuberculosis is suspected.

• A panoram ic X-ray m ay de ne an  odontologic et iology for in-
t racranial infect ion .

• Preoperat ive im aging (Fig 20.1a–f).

Indications
The indicat ions for surgical in tervent ion are dictated by size, 
anatom ic locat ion , and accessibilit y, as well as by know n or 
presum ed pathogen. In  all cases, surgical in tervent ion  m ust  be 
coupled w ith  appropriate in t ravenous (and, in  certain  cases, 
in t rathecal) ant im icrobial therapy.

Epidural Abscess
Most cases require open neurosurgical debridem ent . Bur hole 
drainage generally is ine ect ive given the tenacity of the pu-
rulent  m aterial; however, in  select  cases w here a very sm all 
collect ion  is present , t r ial bur hole drainage m ay be at tem pted. 
The par t icipat ion  of Otolaryngology m ay be necessary for si-
m ultaneous debridem ent  of the a ected sinus(es).

Subdural Empyema
The vast  m ajorit y of cases require open neurosurgical debride-
m ent . More lim ited bur hole drainage m ay be considered in  cas-
es of parafalcine em pyem a, crit ically ill pat ients in  sept ic shock, 
and children  present ing w ith  em pyem a secondary to m eningi-
t is.10 Repeated drainage and/or conversion  to craniotomy m ay 
be necessary in  such cases.

Intracerebral Abscess
Several factors dictate the indicat ions for and extent of neuro-
surgical intervention. Prim ary considerat ions include the m atu-
rit y of the capsule, size, and locat ion. Brit t  and Enzm ann sought  
to de ne stages in  the m aturat ion of the abscess capsule.11 Cort i-
cal in  am m ation—or, cerebrit is—alone is not a surgical disease. 
Dem arcat ion of an abscess cavity w ith respect  to the surround-
ing parenchym a begins about 10 days after the onset  of infec-
t ion. The capsule wall, however, rem ains thin  and discontinuous 
at  this t im e. Abscesses m ay be am enable to cannulat ion and 
drainage—w ithout at tempted resect ion of the wall—during this 
early encapsulat ion phase. This st rategy m ay also be appropriate 
in  the set t ing of a m ore m ature lesion in  a less accessible loca-
t ion. With further m aturit y com es greater collagen deposit ion  
and, consequently, a capsule m ore consistent  w ith that  of a m et-
astat ic lesion. Considerat ion m ay be given to drainage—w ith  re-
sect ion of capsule—in the case of a m ature and accessible lesion. 
This is generally feasible after   2 weeks.

The size of the lesion also m ay in  uence t reatm ent  st rate-
gies. It  has been suggested that  abscesses of a certain  size 
(1.7 cm  or less) m ay be t reated by m edicat ion  alone, w hereas 
lesions of greater than 2.5 cm  rarely resolve w ithout  surgical 
in tervent ion .9,12

Medical therapy alone m ay be considered in  cases of m ult ifo-
cal disease, lesions in  eloquent areas, concom itant  m eningit is, 
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Fig 20.1a–f Axial CT (a) soft  tissue and (b) bone windows, as well as (c) sagit tal MRI post-gadolinium T1-weighted image demonstrating a Pot t’s 
pu y tumor. Note the extracranial soft tissue collection in communication with the epidural space, via the frontal air sinus. (d) Axial MRI post-
gadolinium T1-weighted image demonstrating a right frontal subdural empyema. (e) The di usion-weighted imaging sequence, in this set ting, 
demonstrates hyperintense signal, indicating di usion restriction. (f) Axial MRI post-gadolinium T1-weighted image demonstrating an intracerebral 
abscess with loculations and peripheral enhancement, extending to the local meninges.

a b

c d

e f
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bene t  in the set t ing of m eningit is,15 there exists no sim ilar 
established role for steroids in  the prim ary m edical m anage-
m ent of abscess.

• Seizures are com m on in  the set t ing of in t racranial infec-
t ion . Ant iepilept ic drug prophylaxis should be in it iated upon 
p resentat ion .

Operative Field Preparation
• The hair is cropped (not  shaved) w ith  an  elect ric razor at  the 

planned surgical site.
• The skin  is prepared in it ially w ith  alcohol, followed either 

w ith  a standard povidone iodine or chlorhexidine scrub.
• The planned incision site is in  lt rated w ith  1% lidocaine w ith  

1:100,000 epinephrine.

Medication
• Em piric, broad-spect rum  ant im icrobial therapy should be 

in it iated at  the t im e of presentat ion . The source, and  therefore 
likely pathogens, should be considered. The author prefers a 
regim en of vancom ycin , ceft r iaxone (cefepim e if a nosoco-
m ial infect ion  is suspected), and m etronidazole, bearing in  
m ind that  the speci c clin ical circum stances of a given case 
m ay dictate m odi cat ion  of th is regim en and/or the addit ion  
of ant ifungal or ant ituberculous coverage.

• In  cases w here the pathogen is know n, targeted ant im icrobial 
therapy is the goal.

• Cort icosteroid therapy m ay be considered on an individual 
case basis for m anagem ent of accompanying vasogenic edem a. 
While the use of cort icosteroids has been show n to be of som e 
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Operative Procedure
Positioning (Fig. 20.2a, b)

a
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b

Figure Procedural Steps Pearls

Fig. 20.2 (a) Patient positioning w ill depend upon the ultimate surgical 
target. In the majority of cases, a supine position—w ith varying 
degrees of head turn—w ill be appropriate. Posterior fossa pathology 
may be approached in the prone position. The head should be 
clamped in three-point pin  xation. All pressure points should be 
padded.

(b) The surgical target w ill dictate the planned incision. (A) For 
pathology involving the frontal lobes, anterior skull base, and/or 
anterior falx, a bicoronal incision is appropriate. (B) For temporal 
lobe pathology, a pterional or rocking chair-type incision is 
appropriate. (C) Posterior fossa, petrous-associated pathology may 
be approached via a paramedian linear or hockey stick incision. For 
simplicity, the subsequent steps w ill assume a bicoronal approach.

•  Infectious processes arising in the frontal 
sinus often extend contiguously to the 
frontal lobe. Mastoid-related processes 
generally track to the adjacent temporal 
fossa or posterior fossa.
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Incision (Fig. 20.3a, b)

ba

Figure Procedural Steps

Fig. 20.3 (a) An incision is planned extending from tragus to tragus, just posterior to the hair line.

(b) A no. 10 blade is used to initiate the skin opening. The incision initially is carried dow n to the level of 
pericranium centrally and temporalis fascia laterally. Hemostatic scalp clips are applied to the skin edges. The 
scalp  ap is re ected forward until the orbital rim and root of zygoma are palpable bilaterally.
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Pericranial Flap Harvest (Fig. 20.4)

Figure Procedural Steps

Fig. 20.4 A no. 15 blade is used to open the pericranium bilaterally just superior and parallel to superior temporal line; 
a third, transverse cut is made at the level of coronal suture. A periosteal elevator is used to advance the  ap 
forward to the level of the superior orbital rim. The vascularized  ap is w rapped in a saline moistened sponge 
and secured temporarily w ith 4-0 braided nylon sutures under minimal tension.
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Division of the Temporalis and Bur Holes (Fig. 20.5)

Figure Procedural Steps Pearls

Fig. 20.5 Division of the temporalis muscle and fascia generally is not necessary 
for an approach to the frontal lobe/frontal air sinus. The author does 
create a cu  in the fascia and muscle just inferior and parallel to superior 
temporal line, allowing for placement of bur holes at the key hole and 
most posteriorly, at the level of the coronal suture.

The position of the bone  ap, too, will depend on the location of the target 
pathology. A rectangular frontal bone  ap will address frontal lobe and 
unilateral frontal sinus pathology. If pathology is present along the bilateral 
falx, a mirror image bone  ap may be necessary over the contralateral 
frontal lobe, leaving a strip of bone along the midline sagittal sinus.

For a unilateral frontal bone  ap, holes may be placed with a high 
speed drill at three points: (1) the keyhole, (2) at the level of coronal 
suture and just inferior to superior temporal line, and (3) just anterior 
to coronal suture and lateral to midline. Bone wax is applied to the bony 
edges. A Pen eld no. 3 is used to strip the dural attachments from the 
undersurface of the calvarium between each set of bur holes.

•  If access to the temporal fossa is 
necessary, an additional vertical 
opening can be made from the 
midpoint of the cu  to the root of 
zygoma (creating a T). The resultant 
 aps may be re ected anteriorly and 
posteriorly, respectively.

•  The strategic placement of two bur 
holes and subsequent  ushing of the 
epidural space with antibiotic irrigation 
between the holes may be considered 
in the case of a very small epidural 
collection.
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Elevation of the Bone Flap (Fig. 20.6)

Figure Procedural Steps

Fig. 20.6 The craniotome is used to create a roughly rectangular bone  ap. A periosteal elevator or Pen eld no. 3 is used 
to elevate the bone  ap away from the underlying dura. The dural surface is irrigated with saline. Hemostasis is 
attained w ith bipolar electrocautery. Bleeding attributable to the midline sinus may be controlled w ith  brillar 
hemostatic material and/or gelatin foam soaked in thrombin. Epidural tacking stitches may be used to augment 
these techniques. If epidural abscess is present, proceed to the next step. If not, proceed to “Dural Opening and 
Addressing Subdural Empyema” (Fig. 20.8).
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Addressing Epidural Abscess (Fig. 20.7)

Figure Procedural Steps Pearls

Fig. 20.7 Epidural abscess, if present, will be evident immediately 
upon elevation of the bone  ap (if not at the time of bur 
hole placement). Direct communication with an adjacent 
air sinus and/or the orbit may be observed via gross 
erosion of bone. Liquid purulent material may be captured 
in a suction trap. Often, there is a friable, in ammatory 
pannus adherent to the dural surface. A Pen eld no. 2 or 
Oberhill periosteal may be used (gently) to scrape this 
layer away from the underlying dura. A drain may be left 
in the epidural space and brought out through one of the 
posterior bur holes to a skin exit site, posterior to the scalp 
incision. Here, the drain is secured with a 3-0 nylon stitch. 
If no deeper infection is suspected, proceed to “Dural 
Closure and Cranialization of Frontal Sinus” (Fig. 20.11).

•  Specimens should be obtained for stat Gram stain, 
aerobic, anaerobic, acid-fast bacilli, and fungal 
culture. Where feasible, collect tissue and/or  uid as 
the diagnostic yield may exceed that of swabs alone.

•  Great care must be taken to avoid perforating 
otherwise intact dura. Bleeding is best controlled with 
bipolar electrocautery. The epidural space should be 
irrigated with large volumes of antibiotic solution.

•  The dura should be inspected but not opened unless 
there is a strong suspicion for a subdural component 
to the infectious process. Intentional or unintentional 
breach of the dura may result  in seeding the deeper 
compartments with infection.
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Dural Opening (Fig. 20.8)

Figure Procedural Steps

Fig. 20.8 The dural opening w ill depend on the position of the bony defect. In the setting of a frontal craniotomy, a no. 15 
blade is used to initiate a trap door–type opening that may be  apped toward the midline sagittal sinus. A mirror 
image opening is made if a bifrontal craniotomy is present.
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Addressing Subdural Empyema (Fig. 20.9)

Figure Procedural Steps Pearls

Fig. 20.9 Subdural empyema, if present, w ill be visualized upon 
elevation of the dural  ap. Once again, liquid purulent 
material may be collected in a suction trap. Gentle 
retraction of the frontal pole w ill permit access to the 
frontal  oor. Gentle depression/retraction of the superior 
frontal gyrus will permit access to the falx. The subdural 
space should be explored in all directions under direct 
visualization and irrigated w ith antibiotic solution to  ush 
out any remaining purulent material. An in ammatory 
pannus may be adherent to the pia. If no deeper infection 
is suspected, proceed to “Dural Closure and Cranialization 
of Frontal Sinus” (Fig. 20.11).

•  The development of brain swelling must be 
anticipated upon evacuation of subdural empyema. 
If subdural empyema is suspected, a large bone 
 ap should be planned. Likewise, the dura may 
be opened initially via multiple linear radiations 
from a central point. In cases of parafalcine 
empyema, Nathoo advocates an initial drainage via 
parasagit tal craniectomy—prior to craniotomy—to 
help prevent acute, massive swelling.16

•  The exudative membrane should not be disturbed 
as at tempted debridement may result  in cortical 
injury and/or hemorrhage.
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Approaching Intraparenchymal Abscess—Open Craniotomy (Fig. 20.10)

Figure Procedural Steps Pearls

Fig. 20.10 To approach an intraparenchymal abscess, the sulcus 
overlying the abscess is opened; the abscess cavity 
typically lies at the base of the sulcus. A blunt brain 
needle may be introduced under ultrasound or image 
guidance into the abscess cavity for immediate 
drainage. The blunt needle may be exchanged for 
an external ventricular drain catheter, allow ing for 
continued drainage and/or instillation of antibiotic 
agents. The capsule may be dissected away from 
the surrounding w hite matter. The capsular plane is 
followed circumferentially until the lesion has been 
“shelled out.” The site then is irrigated w ith antibiotic 
solution and hemostasis attained w ith bipolar 
electrocautery as well as various hemostatic agents.

•  An open approach is indicated for an easily accessible 
lesion with a well-developed capsule, in a noneloquent 
area. Abscesses secondary to fungal infection and/or 
foreign body may be medically refractory.

•  If the abscess is not visible along the cortical surface, 
ultrasound or image guidance may be used to 
determine the best trajectory for approach.

•  The surrounding tissue is often friable and bleeds easily.
•  Particular care must be taken with periventricular 

lesions where the capsule wall may be thinner. 
Consideration should be given to aspiration alone, 
given the risk of intraventricular rupture with 
at tempted resection.
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Dural Closure and Cranialization of Frontal Sinus (Fig. 20.11)

Figure Procedural Steps Pearls

Fig. 20.11 If feasible, primary closure may be accomplished w ith interrupted 
4-0 braided nylon stitches. If grafting is necessary, it is preferable 
to incorporate autologous materials in the setting of infection. 
Pericranium, temporalis fascia, or fascia lata (the latter requiring the 
foresight to prepare the lateral thigh preoperatively) are good options. 

In cases of contiguous extension of infection from the frontal air sinus 
to the epidural and/or subdural space, it is necessary to cranialize the 
frontal sinus prior to closure. The dura should be dissected from the roof 
of the orbit and posterior wall of the frontal sinus (if not already done 
by the abscess itself). The posterior table should be drilled  ushed with 
the frontal fossa  oor. Mucosa should be stripped from the sinus and the 
inner surface of the sinus, in turn, decorticated with a diamond bur. The 
sinus then is packed. The nasofrontal duct is obliterated. The previously 
harvested, vascularized pericranial  ap then is folded down over the sinus 
opening and secured to the native dura at multiple points with 4-0 braided 
nylon stitches. A layer of  brin glue is applied to the suture line.

•  Primary dural closure may not be 
feasible in the set ting of malignant 
cerebral edema. Autologous graft 
material may be tacked loosely at the 
edges to accommodate swelling. In 
extreme circumstances, a large piece 
of dural substitute material may be laid 
over the dural defect.

•  The author uses dry pieces of gelatin 
sponge coated with bacitracin powder 
for packing of the frontal sinus. 
Alternately, adipose tissue (from a 
peripheral site) or muscle (temporalis) 
may be used.

•  See Chapter 27 for additional discussion 
of techniques for frontal sinus 
reconstruction.
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Approaching Intraparenchymal Abscess—Stereotactic (Fig. 20.12a–c)

a
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Figure Procedural Steps Pearls

Fig. 20.12 (a) Using framed or frameless stereotaxy, a small skin 
opening is planned to allow for access to the abscess cavity 
along a de ned trajectory. A single bur hole is placed at 
the planned entry site. The underlying dura is coagulated 
with bipolar electrocautery and opened in a cruciate 
fashion with a no. 11 blade. The dural lea ets again are 
coagulated. The underlying arachnoid-pia is coagulated 
and opened sharply. (b) Frameless stereotactic planning for 
needle aspiration of a right frontal deep intraparenchymal 
abscess. (c) An external ventricular drain or blunt brain 
needle is passed along the predetermined image guidance 
trajectory until the abscess cavity is entered. Liquid 
purulent material is collected by gravity drainage and 
gentle aspiration. The catheter may be irrigated gently, 
taking care that the amount of  uid entering is observed 
to drain by gravity. The catheter may be left in place and 
brought out to a skin exit site, remote from the scalp 
incision. Here, the drain is secured with a 3-0 nylon stitch. 
The bur hole site is irrigated with antibiotic solution. The 
scalp is closed in two layers (see Closing).

•  A stereotactic approach is indicated for aspiration 
of less mature lesions, deep lesions, and lesions 
adjacent to eloquent areas.

•  If image guidance is not available, ultrasound may 
be used in conjunction with a slightly larger bony 
opening.

•  Multiple lesions or multiple loculations within 
an abscess may require multiple entry points for 
aspiration.

•  Passage of a needle through thickened 
leptomeninges, without opening of the arachnoid-
pia, may result in subdural bleeding as cortex is 
pushed away from the calvarium.

•  The “best” trajectory is de ned as the shortest 
route to the pathology that bypasses eloquent areas 
and vital structures.

cb
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outputs becom e m inim al and/or serial im aging dem onstrates 
resolut ion  of the targeted collect ion .

Medication
• Empiric, broad-spectrum  antim icrobial therapy should be con-

t inued pending culture results and then narrowed accordingly 
to provide targeted therapy for the ident i ed pathogen(s). 
Generally, a 4- to 6-week course of intravenous ant im icrobial 
therapy is prescribed. Som e advocate a 6- to 8-week course for 
intracerebral abscess.16 Longer-term   therapy m ay be indicated 
for select organism s (e.g., Mycobacterium  tuberculosis).

• Steroid therapy should be tapered rapidly in  accordance w ith  
evolving clin ical exam  and evidence of resolving edem a/m ass 
e ect  per serial im aging.

• Ant iepilept ic drug (AED) prophylaxis should be cont inued in  
cases w here docum ented seizure act ivit y is present . Other-
w ise, AEDs m ay be tapered o  in  the postoperat ive period.

• Pat ients w ith  evidence of increased in t racranial pressure m ay 
require addit ional m edical therapies for m anagem ent .

Radiographic Imaging
• Early postprocedure CT im aging is indicated to assess the 

e cacy of debridem ent  as well as to rule out  hem orrhage, 
ischem ia, and hydrocephalus. Im aging should be repeated at  
in tervals during the im m ediate postoperat ive course as neu-
rologic status warrants.

• MRI m ay be used for longer-term  follow-up, bearing in  m ind 
that  MRI enhancem ent m ay persist  for m onths despite clin i-
cal improvem ent and appropriate ant im icrobial therapy. MRI 
m ay be em ployed for m ore detailed character izat ion  of st ruc-
tural pathology in  the acute set t ing, as well as for serial t rack-
ing of response to therapy (bearing in  m ind that  radiographic 
change often  lags behind clin ical improvem ent).

• Postoperat ive im aging (Fig. 20.13a, b). A CT scan is obtained 
in  the im m ediate postoperat ive period for in terval assessm ent 

Closing
• If there is radiographic and/or gross evidence of osteomyelit is 

involving the bone  ap, it  should not  be reim planted.
• Likew ise, if m alignant  cerebral edem a is present , the bone 

 ap should not be reim planted.
• In  other circum stances, the bone  ap m ay be reapproxim ated 

using a plate and screw  system .
• The incision site is irr igated w ith  ant ibiot ic solut ion .
• Hem ostasis is at tained w ith  a com binat ion  of bipolar elect ro-

cautery and hem ostat ic agent(s) of choice. Epidural tacking 
st itches are placed circum ferent ially around the craniotomy 
defect  w ith  4-0 braided nylon suture.

• A no. 7 Jackson-Prat t  drain  is laid in  the subgaleal space and 
brought out  to a skin  exit  site just  posterior to the scalp inci-
sion . Here, the drain  is secured w ith  a 3-0 nylon st itch .

• The tem poralis cu  is reapproxim ated w ith  0-absorbable 
braided suture in terrupted st itches.

• The scalp  ap is released from  ret ract ion . Hem ostat ic scalp 
clips are rem oved from  the skin  edges and hem ostasis at-
tained, w here necessary, w ith  bipolar elect rocautery.

• The galea and subcutaneous t issue are reapproxim ated w ith  
0-absorbable braided suture inver ted st itches.

• The skin  is closed w ith  a running 3-0 nylon st itch  or staples.

Postoperative Management
Monitoring
• Pat ients should be m onitored in  the in tensive care unit  set-

t ing follow ing operat ive in tervent ion.
• The use of invasive neurologic m onitors (in t raparenchym al or 

in t raventricular) is appropriate for pat ients in  w hom  serial 
neurologic exam  is not  feasible.

• The output of epidural and/or subdural drains, if present , 
should be m onitored. Drain  rem oval m ay be considered w hen 

a b
Fig. 20.13a, b (a) Non-contrast CT scan demonstrating local craniectomy and debridement of epidural abscess for the patient depicted in Fig. 20.1a–c. 
(b) Post-gadolinium T1-weighted axial image demonstrating resolution of intracerebral abscess and associated meningeal enhancement for the 
patient depicted in Fig. 20.1f.
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of m ass e ect , edem a pat tern , and ventricular size, as well as 
to exclude hem orrhage.

Further Management
• Reaccum ulat ion  of epidural, subdural, and in t raparenchym al 

collect ions m ay occur. Pat ients m ay require m ult iple opera-
t ive in tervent ions for debridem ent .

• In  the set t ing of in t raventricular rupture of an  abscess, place-
m ent  of an  external vent ricular drain  is appropriate to perm it  
cont inuous drainage of cerebrospinal  uid, as well as in t ra-
thecal adm inist rat ion  of ant im icrobial therapy.

Special Considerations
• If infect ion  arises from  the sinuses or m astoid process, si-

m ultaneous m anagem ent of the infect ious pathology by 
Otolaryngology m ay be indicated. Otolaryngology should be 
involved in  the preoperat ive planning for such cases.

• Form al Infect ious Diseases consultat ion  is appropriate to 
guide ant im icrobial therapy.

• Suppurative intracranial throm bophlebit is is a feared complica-
tion of central nervous system  infection. Suppurative throm bo-
phlebit is m ay begin w ithin the veins or venous  sinuses or m ay 
occur after infection of the paranasal sinuses, m iddle ear, m as-
toid, or oropharynx. MRI of the brain, w ith MRV, is the test of 
choice. A 3 to 4 week course of intravenous antim icrobial ther-
apy is recom m ended. The use of anticoagulation in this set ting 
is controversial.17 It is also important to note that relapse m ay 
occur w ithin 6 weeks—after apparent clinical resolution—and 
abscess form ation has been reported up to 8 m onths later.18
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presentat ion w ith  that  of a previous shunt  m alfunct ion . Failure 
to do so m ay be catast rophic.

The steps in  working up a vent ricular shunt m alfunct ion:
1. Obtain inform at ion about the underlying et iology of hydro-

cephalus t reated by init ial shunt placem ent . In  our experience, 
over 90% of pat ients have hydrocephalus from  int raventricular 
hem orrhage (IVH) of prem aturity,  infect ion, t raum a, tum or, 
norm al pressure hydrocephalus (NPH), past  hem orrhage, aq-
ueductal stenosis, or congenital et iology (myelom eningocele, 
craniofacial, or genet ic). In  about 10% of pat ients the et iology 
is unclear. This history m ay be especially important in  cases 
of aqueductal stenosis, in  w hich a pat ient m ay undergo an  
endoscopic third ventriculostomy (ETV), instead of a shunt  
revision.

2. Determ ine the t ype of the VS. The m ost  com m on are ventr ic-
uloperitoneal, ventriculoat rial, and vent riculopleural shunts; 
t ype of valve (m aker, m odel,  xed pressure or adjustable [need 
to verify last  pressure set t ing]); side of the shunt  implanta-
t ion; and date and type of recent in tervent ions on shunt  sys-
tem . There are a variety of shunt valves current ly available at  
the m arket (please refer h t tp://w w w. pedsneurosurgery.org/
educat ion .asp for fur ther inform at ion).

Indications
• Clin ical symptom s of shunt  m alfunct ion  such as those listed 

in  the in t roduct ion
• Radiological sym ptom s of shunt  m alfunct ion  w ith  vent ricu-

lar dilatat ion
• Posit ive cerebrospinal  u id (CSF) cultures, posit ive evidence 

of m icroorganism  or elevated w hite count  consistent  w ith  
infect ion , and other possible clin ical scenarios described 
 elsew here1,2

• Discont inuity in  shunt  tubing or dislodgem ent  of tubing from  
ventricle or abdom en (VP), pleura (Vpleural), or hear t  (VA)

• Exposure of shunt tubing
• Shunt  explorat ion  w ithout  ventr iculom egaly in  pat ient  w ho 

has poor com pliance of brain , and presents w ith  signs and 
sym ptom s of increased in t racranial pressure

• Slit-vent ricle w ith  in term it tent  shunt  m alfunct ion
• Desire to convert  shunt  pat ient  in to a shunt-free pat ient  by 

an  ETV, in  the face of a shunt  obst ruct ion
There is a sim pli ed algorithm  for decision m aking in  ven-

t ricular shunt m alfunct ion in  Fig. 21.1 .

Introduction
A ventr icular shunt (VS) m alfunct ion  is a com m on neurosurgi-
cal em ergency. In  fact , a shunt  revision is one of the m ost com -
m on procedures a neurosurgeon m ay perform . It  is est im ated 
that  up to 50% of shunts m ay fail w ith in  2 years. Despite it s 
apparent sim plicit y, a shunt revision  requires m et iculous at-
tent ion  to detail and vigilance in  diagnosis and m anagem ent 
to ensure the pat ient  is t reated in  a t im ely and adequate m an-
ner. The workup and surgical t reatm ent  of a VS m alfunct ion  is 
fraught w ith  risks and com plicat ions even in  the m ost  experi-
enced hands. In  the United States, shunt revision  costs are h igh, 
perhaps over $1 billion  a year. The hum an costs are staggering. 
Com m on causes of shunt m alfunct ion  include m echanical fail-
ure (obst ruct ion , disconnect ion , or m igrat ion), hardware failure 
(valve), infect ion , funct ional (underdrainage or overdrainage), 
or a com binat ion of these aforem ent ioned issues.1,2

A typical clin ical presentat ion  of an  acute VS m alfunct ion  
includes drowsiness, severe headaches, and vom it ing.3 How -
ever, the presentat ion  m ay be quite diverse, from  rapid to slow /
subtle and chronic. The com m on signs and sym ptom s m ay be 
as m odest  and inconspicuous as deteriorat ion  in  school per-
form ance, irr itabilit y, increase in  head circum ference over the 
95th  percent ile, increased lethargy or sleep, clum siness, chron-
ic m alaise, chronic fever, abdom inal pain , or swelling around 
the shunt  t ract . More im pressive presentat ions include seizure, 
cranial nerve paresis (III, IV, or VI), decrease in  visual acuit y, 
paralysis of upward gaze, papilledem a, weakness or paralysis, 
stupor, com a, or change in  vital signs (decreased pulse or in-
creased m ean ar ter ial pressure).

Obtain ing m et iculous inform at ion from  a pat ient  or his/her 
caregiver or the m edical records about the t ype of shunt im -
planted and previous shunt  failure presentat ion  is im portant . 
Previous im aging, especially w hen done during sym ptom -free 
period, is vital in  surgical decision  m aking. Knowledge of the 
t ype of shunt and inform at ion about the set t ing, date, and spe-
ci cs of previous operat ions m ay in  uence t reatm ent st rategy 
in  com plex cases. However, these details m ay often  be incom -
plete. It  is im portant  to note that  a shunt  can  m alfunct ion w ith-
out  causing an  obvious change in  ventr icular size, in  part , due 
to poor compliance of the brain . However, the in t racranial pres-
sure (ICP) can  be elevated and only the h istory from  the pat ient  
or fam ily m em ber, symptom s, or exam  m ay be helpful. In  those 
pat ients w hose scans m ay not change during a t ypical shunt  
m alfunct ion , it  is im perat ive to listen  to the h istory provided 
by a knowledgeable caregiver w ho can accurately compare th is 
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 radiography is not necessary in  case of ventriculoat rial or 
ventriculopleural shunt evaluat ion .5

• Shuntogram  (radionuclide) provides som e inform at ion re-
garding opening pressure and shunt  ow. Radionuclide 
shuntogram  should be considered in  pat ients w hose h istory, 
CT scan, or exam  is not  de n it ive and shunt  ow  characteris-
t ics need to be evaluated to decide w hether or not  to operate. 
A radionuclide study should not delay revision  in  the set t ing 
of an  acute, obvious m alfunct ion.

Diagnostic Procedures
• Shunt  tap—if the fever is greater than 101° F or there is a posi-

t ive blood culture in  last  48 hours and/or shunt  system  in ter-

Preprocedure Considerations
Radiographic Imaging
• Head com puted tom ography (CT; m ay be com bined w ith   -

ducial m arkers for navigat ion) (Fig. 21.2a).
• Rapid sequence brain  m agnet ic resonance im aging (MRI; 

Haste T2 protocol)4 (Fig. 21.2b)—fast , generally no need 
for anesthesia/sedat ion. The rat ionale for using a fast  T2- 
weighted abbreviated MRI exam  is to avoid the radiat ion  risk 
from  cum ulat ive CT scans.

• Shunt  ser ies—X-ray: Head and neck anteroposterior (AP) 
and lateral (Fig. 21.3a, b), chest  AP and lateral, abdom en 
and pelvis AP (Fig. 21.3c) and lateral. Abdom en and pelvis 

a b
Fig. 21.2a, b Preoperative imaging of shunt malfunction of the same patient. (a) Head CT and (b) brain 
MR (Haste T2 protocol).

Evaluate for
Shunt  Malfunct ion

Fever > 38.4, shunt
surgery in  past  6
m onths or posit ive
blood culture

Shunt  Tap

Shunt  Revision

Yes

YesNoNoPosit ive

Shunt
Externalizat ion

+ ABx

Shunt
Externalizat ion

+ ABx

Negat ive

Pseudocyst

Fig. 21.1 Simpli ed algorithm for decision making in ventricular shunt malfunction.

TH_Ullman_CH21.indd   350 3/20/15   5:04 PM



21 Ventricular Shunt  Malfunct ion

351

com m unity-acquired and im ipenem /cilast in  instead of cef-
t r iaxone in  hospital-acquired infect ion).6

Operative Field Preparation
Preparat ion  is done according to follow ing the Hydrocephalus 
Clin ical Research Network (HCRN) protocol adopted for Seat t le 
Children’s Hospital (Fig. 21.4).7

Position the patient w ith the head away from  the door. Wide ex-
posure is important. Hair is removed w ith clippers. Prelim inarily 
prepare the skin with chlorhexidine soap, then isopropyl alcohol, 
to rem ove any dirt or debris and allow to dry. Mark the incision.

Previous incisions on  the scalp m ay be extended to get  ap -
propriate exposure of ventr icular catheter and shunt valve 
( consider vascular supply to scalp so as not  to devascularize 
the scalp  ap). We use 2% chlorhexidine gluconate/70% isopro-
pyl alcohol solu t ion  preparat ion  for the surgical  eld and wait  
3 m inutes or longer to dry. Double gloves are advised. Drape 
w ith  ant im icrobial incise  lm  and ensure isolat ion  of potent ial 
infect ion  sources (t racheostomy, gast rostomy tube, etc.).

vent ion  w ith in  6–12 m onths, proceed w ith  shunt  tap prior to 
revision . Over 95% of all shunt  infect ions occur w ith in  1 year 
of the last  shunt inst rum entat ion , w ith  the m ajorit y of them  
occurr ing w ith in  3 m onths.

Medication
Antibiotics
• Any new  shunt placem ent or revision: two doses of cefazolin  

or any late generat ion  cephalosporin ;  rst  dose is adm inis-
tered during anesthesia induct ion  (45 m inutes to 1 hour prior 
to the incision) and the second dose after the surgery w ith in  
8 hours. Som e surgeons cover the pat ients w ith  ant ibiot ics 
for 24 hours; however, the evidence m ostly supports a single 
preoperat ive dose prior to skin  incision . Consider vanco-
mycin  1 hour in  advance of surgery in  m ethicillin-resistant  
Staphylococcus aureus–colonized pat ients.

• Shunt infect ion: tap shunt , then im m ediately begin  t r iple 
ant ibiot ics (ceft r iaxone, vancomycin , and m et ronidazole in  

Fig. 21.3a–c Shunt series. (a) Anteroposterior (AP) and (b) lateral 
skull showing ventricular catheter disconnection. (c) AP abdomen 
showing distal catheter disconnection (arrow).c

a b
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Pat ient in  room

Sign on OR door rest r ict ing t raffic

Posit ion  head away from  the m ain  OR door

Ask for ant ibiot ics

Clip hair as needed

Dir t , debris, and adhesive m aterial rem oved

Chloraprep applied to surgical field and not  washed off

Wait  3 m inutes

Hand scrub w ith  betadine or chlorhexidine #  w ho scrubbed
#  w ho washed hands correctly

#  w ho double-gloved

Ioban drape used

Antibiot ics in?

Inject ion  of vancomycin/gentamycin  in to shunt reservoir

Closure

Dressing

Postoperat ive orders include
one dose of sam e ant ibiot ic

Incision , shunt  evaluat ion , revision Wait

NoYes

Double gloves (non-latex)

Fig. 21.4 HCRN protocol7/Seat tle Children’s Hospital (SCH) protocol.
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Operative Procedure
Shunt Revision
Positioning and Preparation (Fig. 21.5)

Figure Procedural Steps Pearls

Fig. 21.5 The patient is placed supine with the head on a gel donut, head 
mildly rotated away from valve site for adequate exposure 
of operative  eld. A gel roll is placed under the shoulders to 
extend and maintain the appropriate plane for tunneling. Ensure 
appropriate foam or gel padding to reduce pressure sore risk at 
every pressure point.

Always expose widely so that all parts of the shunt and tract 
(abdomen for the VPS, chest for ventriculoatrial or ventriculopleural 
shunt) are covered. In noninfected cases, incisions are in ltrated 
w ith 1% lidocaine w ith epinephrine 1:100,000.

•  Sometimes in complex patients wound 
preparation and draping may be challenging, 
such as those patients with chemotherapy 
catheters or gastrostomy tubes.

•  It  is important to change gloves before 
making the incision.
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Skin Incision and Wound Dissection (Fig. 21.6a, b)

a
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Figure Procedural Steps Pearls

Fig. 21.6 Evaluate ventricular catheter skull entry site  and valve location based on 
review of imaging, palpation, and navigation assistance. (a) An incision 
is made w ith a no. 10 or no. 15 blade often through a preexisting 
incision w ith extension along the valve for appropriate exposure of 
distal part of the valve. The incision should not be over the hardware 
to avoid wound breakdown. After we score the skin w ith a blade, we 
use Bovie electrocautery dow n to and around the shunt hardware 
because it does not cause harm to the valve or tubing. (b) The careful 
dissection of soft tissue in the galeal-pericranial plane to preserve 
pericranium and appropriate exposure of both ventricular catheter and 
valve is performed. Wound edges are retracted carefully w ith Weitlaner 
retractor(s) or retraction sutures. Wound hemostasis is obtained w ith 
monopolar or bipolar electrocautery.

•  We use the needle tip monopolar 
electrocautery.

•  One can utilize a custom tailored skin 
incision or curvilinear incision to provide 
adequate scalp coverage and release 
tension from the wound. In patients with 
a compromised scalp, the surgeon may 
need to perform a Z-plasty—a rotational 
 ap or score the galeal layer to ensure 
adequate scalp coverage over the tubing 
without tension.

b
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Evaluation of Ventricular Catheter Reservoir (Fig. 21.7)

Figure Procedural Steps Pearls

Fig. 21.7 Carefully disconnect the ventricular catheter from the valve and assess 
CSF  ow. If no  ow, the catheter is replaced. If partial  ow, connect the 
ventricular catheter to a manometer and obtain the opening pressure. If 
there is partial obstruction, so identi ed due to high ICP or no pulsatility 
in the CSF  uid column then proceed w ith catheter revision.

When extant, the side arm of the Rickham reservoir and valve are 
carefully dissected free. Disconnect the side arm of the Rickham 
reservoir from the valve to assess CSF  ow. Use above algorithm for 
revision if no/reduced  ow.

•  It  is important to avoid pulling the 
Rickham reservoir/ventricular catheter 
out (if adherent) to reduce risk of 
intraventricular bleeding.
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Revision of Ventricular Catheter (Fig. 21.8)

Figure Procedural Steps

Fig. 21.8 During catheter revision, if the ventricular catheter is adherent to the choroid plexus in the ventricle, a monopolar 
w ire is used to release the catheter. It takes careful monopolar coagulation, gentle manipulation, or tw isting of the 
catheter until a burst of CSF signals the release of the catheter. We use a Jake clamp to hold the catheter during 
this maneuver.8 If there is intraventricular blood, gently irrigate the ventricle via barbotage with normal saline or 
lactated Ringer’s until it clears.
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Placement of Ventricular Catheter (Fig. 21.9)

Figure Procedural Steps Pearls

Fig. 21.9 After removal of the old ventricular catheter, a new  antibiotic 
impregnated or dotted ventricular9 catheter is placed w ith 
the catheter tip just anterior to ipsilateral foramen of Monro. 
We utilize stereotactic navigation to assist placement.10 
Alternatively, one can use anatomic landmarks, such as the 
mid-pupillary line and nasion, w ith the catheter insertion and 
trajectory perpendicular to the skull.

•  Place a gloved  nger in the hole immediately after 
removal of a ventricular catheter to prevent the 
CSF from leaking out which might reduce or shift  
the ventricle size thereby making catheter insertion 
challenging. Consider using intrathecal antibiotics 
according to HCRN protocol if the catheter is not 
antibiotic impregnated.

TH_Ullman_CH21.indd   358 3/20/15   5:04 PM



21 Ventricular Shunt  Malfunct ion

359

Evaluation of Valve and Distal Catheter (Fig. 21.10)

Figure Procedural Steps Pearls

Fig. 21.10 Follow ing revision of the ventricular catheter (or if it is found to be functioning 
and not revised), a manometer is connected to the proximal part of the 
valve to test distal run-o . If the pressure is appropriate according to the 
performance characteristics of the valve, then the proximal catheter is 
reconnected to the valve and secured w ith a 2-0 silk tie. If the pressure is 
higher than inspected, the valve is disconnected from distal tubing and the 
distal tubing is evaluated again w ith a manometer. The expected pressure 
is usually less than 5 cm H2O. If found to be functional, the distal catheter is 
 ushed with 1–2 mL of normal saline and the presumed compromised valve is 
replaced w ith a new  one. The connections to the proximal and distal catheters 
are secured with 2-0 silk ligatures. If the distal catheter is obstructed, it is 
removed by gently pulling out as one piece through the cranial incision. If the 
distal catheter is adherent, the abdominal incision will need to be opened in an 
attempt to free the catheter. In rare cases w hen total removal of shunt in one 
piece is not possible, the abdominal incision is opened to remove the rest of 
the distal catheter.

•  While reconnecting the parts 
of the shunt, it  is important to 
ensure that there is no airlock in 
any part of the tubing including 
the valve.
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Revision of Distal Catheter (Figs. 21.11 to 21.15)

Figure Procedural Steps Pearls

Fig. 21.11 Subcostal approach: After removal of the distal 
(peritoneal) catheter, a super cial abdominal skin 
(linear) incision (usually at the site  of the previous 
incision) is made by a no. 15 blade or needle tip 
cautery. The incision size depends on the patient’s 
age and body mass index. The incision is usually 
10–20 mm in length but is tailored to the patient’s 
particular anatomic features. The surgeon holds the 
skin edges gently distracted so that the incision can 
be extended through the subcutaneous fat layer and 
deep membranous layer (Scarpa’s fascia) dow n to the 
anterior rectus sheath.

•  There are several ways to replace the distal catheter in 
cases of obstruction. Either a small abdominal opening, 
blunt abdominal trochar, or laparoscopic technique are 
performed.11,12 For obese patients, we prefer a laparoscopic 
approach. For an open approach, some surgeons prefer a 
sub-xiphoid, vertical midline incision, while others prefer 
a right-sided subcostal lateral incision. Both general 
approaches work well as long as the surgeon is familiar with 
the anatomy in the abdomen.

•  We usually use the preexisting incision. The goal is to avoid 
multiple parallel incisions if possible.
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Figure Procedural Steps

Fig. 21.12 The anterior rectus sheath is opened along the tissue  bers and the rectus muscle is identi ed. Straight clamps are 
used to separate along the muscle  bers. A self-retaining retractor is placed to keep the anatomic layers spread. 
The posterior rectus sheath can be gently elevated w ith an atraumatic toothed forceps and sharply opened with 
no. 15 blade or cautery. The incision may be extended w ith curved Metzenbaum scissors. After advancement of the 
retractor, the transversalis fascia is opened often revealing extraperitoneal fat.
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Figure Procedural Steps Pearls

Fig. 21.13 The peritoneum is identi ed and elevated as between 
two Halsted mosquito clamps to avoid trapping the 
viscus below. Delicate scissors are used to create a 
small 5–7 mm incision into the peritoneum

•  A Pen eld no. 4 dissector is gently introduced into the 
peritoneal cavity to con rm entrance into this space. If the 
Pen eld no. 4 does not pass with ease, it  is possible to be in 
a pre-peritoneal space. Once can often see bowel or liver to 
con rm presence in the peritoneal cavity.
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Figure Procedural Steps Pearls

Fig. 21.14 The peritoneal catheter is tunneled 
subcutaneously through a passer and 
connected to the valve with a 2-0 silk tie.

The direction of tunneling is of surgeon 
preference. We prefer the tunneling from 
the peritoneal end toward the cranial 
direction in the majority of patients 
unless it is safer to tunnel from the cranial 
direction toward the peritoneum. There 
is no proven bene t to either tunneling 
technique.

•  There are many tricks to passing a shunt through the subcutaneous 
track. One technique is to pass the shunt through the hollow end of 
the shunt passer while saline is irrigated through the tube from the 
other end. Another technique includes using a heavy 72-inch 2-silk 
ligature at the end of the shunt passer and pulling the silk through 
the subcutaneous track. The new tubing is tied to the silk ligature and 
pulled through the subcutaneous track as the silk is pulled toward the 
surgeon. Alternatively, a silk ligature could be placed on the old distal 
tubing and pulled through the subcutaneous track. The new tubing is 
tied to the end of the silk ligature and it  is pulled toward the surgeon 
with the new tubing which is then laid in its new position. The proximal 
catheter/reservoir and valve can subsequently be sutured to the tubing.
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Figure Procedural Steps Pearls

Fig. 21.15 After CSF  ow  is observed, the distal catheter is 
inserted into the peritoneal cavity with two smooth 
forceps (Adson or bayonet). The peritoneum is closed 
with absorbable suture maintaining the shunt tubing 
in the peritoneum and away from the suture loops.

•  The catheter should smoothly slide into the peritoneum. 
If it  forms a tight coil or is ejected, it  is possible to be pre-
peritoneal or trapped in adhesions.
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Placement: Ventricular Catheter and Tunneling for External Drainage (Fig. 21.16)

Figure Procedural Steps Pearls

Fig. 21.16 If circumstances require removal of an entire shunt system w ith continued 
need for ventricular drainage, then an external drain is placed. Placement 
of antibiotic-impregnated ventricular catheter9 occurs w ith ideal placement 
of the tip anterior to the ipsilateral foramen Monro. We typically utilize 
stereotactic navigation or alternatively use anatomic landmarks.

The distal end of the tubing is then tunneled subcutaneously utilizing a 
trocar to an exit site at least 5 cm from the edge of incision. The exiting 
tubing is securely  xed w ith a purse string stitch to prevent CSF leak and 
connected to sterile  external CSF collection bag (inset).

•  Prevent CSF from leaking to 
improve likelihood of cannulating 
the ventricle.

• The abdom inal wound is also closed in  a layered fashion: 
t ransversalis fascia, anter ior and posterior rectus sheaths, 
Scarpa’s fascia, and the skin . Met iculous at tent ion  is paid 
throughout the closing to m atch up the anatom ic layers and 
avoid kinking or  injuring the shunt tubing. 

• Glue is placed on the skin  surface after subcut icular closure.

Closing
• After appropriate irr igat ion  wounds are closed in  a m ult ilay-

ered fashion. We use absorbable braided suture sutures for 
subcutaneous and absorbable m ono lam ent  su tures for skin  
closure. Current sutures are ant ibiot ic im pregnated. 

• If the wound is of quest ionable in tegrit y, we ut ilize nylon su-
tures for closure. 
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Figure Procedural Steps Pearls

Fig. 21.17 (a) A small incision (1 cm) is marked at a level near 
the clavicle and made with a no. 10 blade through the 
epidermis. Use monopolar cautery to dissect dow n to 
the subcutaneous fat. Use blunt dissection w ith small 
hemostat to  nd the catheter. Typically, a connective 
tissue sheath may need to be incised with cautery to 
isolate the tubing. (b) The distal part of the tubing is 
then externalized through the clavicular incision.

•  One may use ultrasound to assist with tube localization 
if it  is not easily palpable. In cases of pseudocyst the 
distal tubing may be used to drain the cyst, and the 
cyst  uid should be sent for stat Gram stain and culture. 
Propionibacterium is a common cause of pseudocyst but 
may take 2 weeks for a positive culture to grow.

Externalizing the Distal Catheter (Fig. 21.17)

a

b
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Wound Closure (Fig. 21.18)

Figure Procedural Steps Pearls

Fig. 21.18 A nylon purse string suture is used at tubing exit site and the catheter 
is connected to a sterile, external CSF collection bag (inset).

•  Make sure that purse string suture is not to 
tight and allows CSF passage.
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swelling in  the shunt t rack, another surveillance shunt series 
m ay be  appropriate.

Program m able shunts need to be reprogram m ed and the 
valve set t ing con rm ed follow ing exposure to the h igh m ag-
net ic  eld of an  MRI.
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• The m ost  important  ent it y that  m ust  be considered and 
excluded is an aneurysm al subarachnoid hem orrhage.7,8

• A ruptured Rathke’s cleft  cyst , though rare, m ay also m im ic 
pitu itary apoplexy.9,10

• In it ial m edical stabilizat ion  w ith  in t ravenous  uid and ste-
roids is required in  all cases to correct  the profound hypoad-
renalism  that  m ay result .

• Transsphenoidal resect ion  is considered for those w ith  con-
t inued neurologic de cit  after in it ial conservat ive therapy, 
and im m ediately for those w ith  loss of acuity and/or  elds.6

• While ophthalm oplegia has been show n to correct  as fre-
quently w ith  conservat ive m anagem ent as w ith  surgical 
in tervent ion ,11–13 surgical resect ion  o ers the m ost  hope 
of improving visual  eld and acuity de cits. Many studies 
have suggested that  decom pression w ith in  1 week m ay o er 
the best  chance of visual recovery.11,14 Others have show n 
improvem ent  w ith  decom pression m onths after in it ial 
visual loss.15

Preprocedure Considerations
Radiographic Imaging
• CT w ithout contrast  is m ost valuable the  rst  2 days of 

hem orrhage (Fig. 22.1).
• After 48 hours, MRI is m ore sensit ive, as it  can  bet ter 

delineate older blood from  tum or and areas of necrosis from  
cyst ic changes (Fig. 22.2). The MRI is also helpful in  est im at-
ing the age and t im e course of the hem orrhage. Hem orrhages 
less than 7 days w ill appear hypo- to isoin tense on T1- and 
T2-weighted im ages. During the second week a hyperin tense 
signal can  be found bordering the hem atom a. By the second 
week increasing hyperin tensit y w ill be seen throughout  the 
hem atom a on both  T1- and T2-weighted im ages.

• If clin ically warranted, an  angiogram  or m agnet ic resonance 
angiogram  (MRA) should be obtained if neither CT nor MRI is 
able to ru le out a concom itant  aneurysm .

• MRI w ill also best  dem onstrate the extension of the tum or 
or hem orrhage in to the suprasellar space as well as chiasm al 
compression and cavernous sinus extension. Fur therm ore, 
the in t racarot id distance can be delineated in  order to avoid 
injury during surgical resect ion .

Introduction
Pituitary apoplexy is a neurosurgical em ergency in  w hich 
prom pt in tervent ion  m ay halt  and even reverse associated neu-
rologic de cits and possible m ortalit y. The condit ion  results 
from  hem orrhage or necrosis of a pituitary tum or. It  has been 
found to occur in  0.6 to 10.5% of all p ituitary adenom as.1

In  1950, Brougham  was the  rst  to describe the clin ical and 
pathologic  ndings of  ve pat ients w ho presented w ith  changes 
in  m ental status, headaches, m eningism us, and ocular distur-
bances.2 Since then, there has been extensive in terest  in  the 
ent it y as well as considerable debate on  w hat the term  pitu-
itary apoplexy  encom passes. In  fact , there have been repor ts 
of silent  pituitary apoplexy.3 Mohr est im ated the incidence 
of asymptom at ic hem orrhages in  pitu itary adenom as to be 
9.9% as opposed to 0.6% that  presented w ith  clin ical  ndings.4 
Furtherm ore, Onest i described  ve pat ients w ith  subclin ical 
pituitary apoplexy, that  is, a clin ically silent  yet  extensive 
hem orrhage in to a pituitary adenom a.5

With  such a broad in terpretat ion  in  the literature it  is increas-
ingly helpful to de ne the diagnosis of pituitary apoplexy by 
clin ical param eters that  include the sudden onset  of headache, 
m eningism us, visual im pairm ent , and occulom otor abnorm ali-
t ies in  varying com binat ions along w ith  radiologic evidence of 
hem orrhage in  or sudden expansion of a pituitary adenom a.

Indications
• Diagnosis of apoplexy requires evidence of hem orrhage or 

rapid expansion on either com puted tom ography (CT) or 
m agnet ic resonance im aging (MRI) w ith in  a preexist ing 
adenom a as well as clin ical correlat ion .

• Pat ients often  present  w ith  sudden onset  of headache, m en-
ingism us, disturbances of m ental status, and ocular  ndings 
that  can  range from  ophthalm oplegia and visual  eld defects 
to m onocular or binocular blindness.

• Bacterial and viral m eningit is, in t racerebral hem atom a, opt ic 
neurit is, brainstem  infarct ion , tem poral ar terit is, encepha-
lit is, t ranstentorial herniat ion , cavernous sinus throm bosis, 
and m igraine m ay all in  one form  or another m im ic an  acute 
pituitary vascular accident .1,6
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Fig. 22.1a–c (a) Axial and (b, c) coronal CT scans showing hemorrhagic 
cavity with  uid- uid level and surrounding enhancing sellar lesion.

a b

c

Fig. 22.2a, b (a) T1-weighted sagit tal and (b) coronal MRI demonstrating a sellar mass of heterogeneous signal intensity, with suprasellar extension 
of increased signal intensity consistent with acute hemorrhage.

ba
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Medication
• It  is our pract ice to give dexam ethasone 16 m g/day prior 

to surgery and to taper to a slightly supraphysiologic level 
postoperat ively.

• Furtherm ore, it  is our pract ice to send a full endocrine panel 
at  th is t im e as a baseline.

• Thir t y m inutes prior to in it ial incision, 1.5 g of cefuroxim e is 
given (if the pat ient  has no repor ted allergies to penicillin ; 
otherw ise, vancom ycin  and gentam icin  are preferred). 
Ant ibiot ics are cont inued postoperat ively w hile the nasal 
packings are in  place.

Operative Field Preparation
• After in tubat ion  the pat ient’s eyelids are gently taped shut  

and betadine is applied over the nares, cheeks, and upper lip .
• Betadine-dipped swabs are used to clean the inside of both  

nost rils as well as under the upper lip (for possible sublabial 
approach should it  becom e required).

• The right  abdom en is prepped sterilely w ith  a separate t ray of 
betadine for possible fat  graft .

• Fluoroscopy or im age-guided navigat ion  are em ployed 
throughout  the case to determ ine appropriate t rajectory in  
a m idline plane.
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Operative Procedure
Microscopic Pituitary Tumor Resection
Positioning and Fluoroscopy (Fig. 22.3a, b)

Figure Procedural Steps Pearls

Fig. 22.3 Patient is placed on far right edge of table in supine position. Right arm 
is bent 90 degrees and secured across chest w ith padding and tape.

(a) Head is placed on a foam “holder” with right ear tilted 45 degrees 
in relation to right shoulder. Head of bed is  exed just slightly such that 
the chest does not interfere w ith use of instruments.

(b) Fluoroscopy is positioned at the head of the bed to obtain lateral 
view  of the sella.

•  Patient is positioned to allow for ease 
of trajectory to the sella.

•  If used, image guidance systems 
should be set up to allow ease of 
viewing while surgeon is in operative 
position.

a

b
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Fluoroscopy Imaging (Fig. 22.4)

Figure Procedural Steps

Fig. 22.4 Initial lateral skull  uoroscopic images are obtained to evaluate trajectory to the sella.
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Draping and Operating Microscope (Fig. 22.5a, b)

Figure Procedural Steps Pearls

Fig. 22.5 (a) Surgical  elds of the nasal passages and the right lower abdominal 
quadrant are prepped and draped in a sterile  fashion. (b) The 
operating microscope is sterilely draped and positioned for optimal 
view  through the right nasal passage.

•  Abdominal fat graft may become required 
if cerebrospinal  uid is encountered 
during resection (see Fig 22.12).

•  When operating through the right nostril, 
the observer is positioned to the left .

a

b
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Mucosal Flap (Fig. 22.6a, b)

Figure Procedural Steps Pearls

Fig. 22.6 (a) Using a handheld speculum as well as  uoroscopy/image guidance to direct the 
dissection toward the sella, the nasal mucosa is identi ed in the midline and 1–2 mL 
of lidocaine w ith epinephrine 1:100,000 are injected between the mucosa and bony 
nasal septum. This causes the mucosa to blanche and separate from the septum.

(b) A no. 15 blade is then used to make a linear incision in the mucosa and the 
mucosa is dissected o  the septum using a Freer instrument.

•  Trajectory to the sella 
usually follows the 
middle turbinate.

a

b
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Identi cation of the Sphenoid Bone (Fig. 22.7a, b)

Figure Procedural Steps

Fig. 22.7a, b (a) The septum is the deviated to the patient’s left and the keel-shaped vomer of the sphenoid is exposed.

(b) A hands free speculum is then placed w ith one blade on either side of the vomer.

b

a
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Exposure of the Sella (Fig. 22.8a–c)

b

a
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Figure Procedural Steps Pearls

Fig. 22.8 (a) A combination of rongeurs and pituitary instruments are used 
to remove the vomer, enlarging the bilateral ostia into the sphenoid 
sinus. The sphenoid sinus mucosa is moved aside.

(b) A small osteotome and mallet is used to fracture the sella  oor, 
and then Kerrison rongeurs are used to remove it.

(c) Lateral  uoroscopy image depicting the trajectory of the 
speculum w ith instruments marking the superior and inferior limits 
of the sella turcica.

•  The removed bone is saved for later use 
at closure.

•  It  is important to note that sphenoid sinus 
septations are not usually midline; the 
vomer marks the midline.

•  Fluoroscopy or image guidance allows the 
surgeon to be certain of being midline at 
this juncture.

c
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Dural Incision and Pituitary Tumor Resection (Fig. 22.9)

Figure Procedural Steps Pearls

Fig. 22.9 The dura, now  exposed, is then incised using a no. 15 blade in a 
cruciate fashion. Ring curettes of various sizes are then used to remove 
the infarcted hemorrhagic tumor in a stepwise fashion inferiorly then 
laterally to the limits of the cavernous sinus and  nally superiorly.

•  Resection in the superior plane is left  
until the end to avoid the descent of 
arachnoid into the operative  eld, 
making further resection di cult .
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Reconstruction of the Sella Floor (Fig. 22.10)

Figure Procedural Steps Pearls

Fig. 22.10 After irrigation the previously removed 
bone fragments are placed to reconstruct 
the sellar  oor.

•  If CSF is seen, a piece of subcutaneous fat harvested from the 
abdomen is packed in the sella and sphenoid sinus (see Fig. 22.12 
for graft harvesting).
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Hemostasis and Closure (Fig. 22.11)

Figure Procedural Steps Pearls

Fig. 22.11 Hemostasis is secured and the retractor is removed. Using a 
handheld speculum, a nasal tampon is placed in the right nares 
to ensure that the mucosal  ap is  ush with the nasal septum.

•  Right-sided nasal packing is almost always 
placed; however, left  nasal packing is placed only 
if CSF was seen or if bleeding was appreciated.
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Abdominal Fat Graft (Fig. 22.12)

Figure Procedural Steps Pearls

Fig. 22.12 If necessary an abdominal fat graft is harvested by making a small linear 
incision in the right lower quadrant and removing a quarter-sized piece of 
subcutaneous fat. The incision is then closed w ith 3-0 inverted absorbable 
braided sutures and  subcuticular absorbable mono lament closure.

•  It  is important not to 
contaminate the abdomen with 
any instruments that have been 
placed in the nose.
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Postoperative  Management
• Dexam ethasone or hydrocort isone is cont inued in  the im m e-

diate postoperat ive period.
• If a left  sided packing was placed it  is rem oved that  evening.
• The pat ient  is m onitored for any signs of addisonian  crisis 

as well as diabetes insipidus. To that  end st r ict  m easure-
m ents of intake and output are taken as well as daily sodium  
and osm olalit y levels. Should the pat ient  have m ore than 
200 m L/hr of urine output  over the course of 3 consecut ive 
hours repeat  sodium  level is draw n and if it  is elevated, des-
m opressin  acetate therapy is in it iated.

• Postoperat ive day 2 the right  packing is rem oved and the 
pat ient  is discharged if they cont inue to be stable.

• Endocrine labs are sent  as outpat ient  to assess the level of 
pituitary funct ion .

• Neurosurgical, endocrine, and ophthalm ology follow -up is 
provided.

Special Considerations
• It  is our preference to use the operat ing m icroscope for the 

t ranssphenoidal approach; however, t ranssphenoidal endos-
copy is also often used to provide w ider exposure. Surgeon 
com for t  level should dictate w hich  technique is used.

• Craniotomy is reserved for pat ients w ith  a nonaerated sphe-
noid sinus, a sm all sella w ith  a large suprasellar m ass, a t ight  
diaphragm a sellae w ith  a dum bbell-shaped m ass, or an  asso-
ciated in t racerebral hem atom a.5,16

References
 1. Nawar RN, AbelMannan D, Selm an WR, Arafan BM. Pituitary 

tum or apoplexy: a review. J In tensive Care Med 2008:23(2): 
75–90

TH_Ullman_CH22.indd   384 3/20/15   7:55 PM



IV Emergency Operations in Combat

TH_Ullman_CH23.indd   385 3/20/15   5:13 PM



23 Combat Cranial Operations
Leon E. Moores

386

Introduction
This chapter covers the procedure for a large hem icraniectomy 
follow ing severe penetrating com bat t raum a w ith m assive soft  
t issue involvem ent. Sim ilar operative principles apply for less 
severe penetrating wounds, as well as for hem icraniectomy for 
blunt t raum a. Where blunt traum a is concerned, the m ost signi -
cant divergence involves preoperative decision m aking. We have 
tended throughout recent con ict to be quite aggressive w ith sur-
gical intervention for both blunt and penetrat ing  t raum a. Long-
term  outcom e studies are pending, but init ial experience justi es 
continuing this aggressive approach in our patient populat ion.1,2

Comparisons between civilian and com bat cranial t raum a m ay 
be di cult  because of the service m em bers’ very young average 
age and high overall level of  tness, the nearly im m ediate avail-
ability of basic and advanced life support care, and extraordinarily 
robust resources on the bat tle eld and w ithin close proxim ity of 
wounding. Additionally, com bat injuries are notable for m assive 
soft t issue/bone/brain injury, gross contam ination (often w ith  
aggressive organism s), concurrent injuries to face/neck/extrem i-
t ies/t runk, and extended pat ient transfers. Evacuation to facili-
t ies in Germ any and, then, onward to nat ional m ilitary m edical 
centers in Bethesda, Maryland,  consists of two  ights of m ore 
than 6 hours durat ion w ithout in- ight neurosurgical capability.3

However, the m ajor goals of surgery in  both  situat ions are 
rem oval of contam inants (including devitalized t issue), brain-
stem  decom pression, hem ostasis, skull base reconst ruct ion  
(w ith  obliterat ion  of air- lled sinuses), dural coverage, soft  t is-
sue coverage, and stabilizat ion  for t ranspor t  w ith  appropriate 
m onitoring in  place and funct ioning.

Indications
• Severe penetrat ing t raum a.
• Blunt  t raum a w ith  signi cant  m ass e ect  from  hem ispheric 

swelling or hem atom a.
• Absence of m ajor disrupt ion  of m idline deep cerebral nuclei 

in  the region of the sella (zona fatalis). Disrupt ion  of the zona 
fatalis—typically associated w ith  Glasgow  Com a Scale (GCS) 
3— is a relat ive contraindicat ion  to operat ive in tervent ion.4

• In  the com bat  set t ing, low  GCS score (,  5) is not  necessar-
ily a con t raindicat ion  to surgical in terven t ion . Addit ion -
ally, pupillary asym m et ry or d ilat ion  m ay be the resu lt  of 
t raum at ic ir idoplegia or chem ical ir r it at ion . The overall 
clin ical p icture and w ounding h istory m ust  be taken  in to 
accoun t  before m aking a decision  to categor ize a pat ien t  
as  expectan t . Because of the d i erences in  pat ien t  popula-
t ion  as ou t lined, th is indicat ion  m ay not  fu lly t ranslate in to 
civilian  pract ice.

Preprocedure Considerations
Consultation/Teamwork
Successful m anagem ent  of pat ients severely wounded in  com -
bat  operat ions is t ruly a m ult idisciplinary e or t . Mult iple sur-
gical specialists are often  involved—in addit ion  to e or ts from  
anesthesiology, nursing, and laboratory/blood bank. A single 
pat ient  m ay present w ith  an  ext rem ity amputat ion , an  abdom -
inal penetrat ion , exposed brain , a par t ially enucleated globe, 
and severe soft  t issue/bone loss involving the m axilla, requiring 
sim ultaneous evaluat ion  and surgical m anagem ent  by  ve spe-
cialists. Constant  com m unicat ion  and coordinat ion  is required 
am ong all m em bers of the team .

Radiographic Imaging
• Computed tom ography (CT) scan is rout inely available at  the 

m edical facilit ies in  theater w here neurosurgical capabilit y 
is present .

• Angiography is not rout inely available and requires the pres-
ence of both  specialized equipm ent  and a t rained neuroin-
tervent ionalist . Where angiographic capabilit y is available in  
theater, it  has proven useful in  the m anagem ent of penetrat-
ing t raum a of the neck and head. Upon arrival to the United 
States, angiography is often  perform ed—w hether blunt or 
penetrat ing m echanism —due to the increased incidence of 
vasospasm  associated w ith  blast-related t raum a, even in  the 
absence of cranial penet rat ion .5

• Preoperat ive im aging (Fig. 23.1a, b).
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a

b
Fig. 23.1a, b CT (a) brain and (b) bone images of a frontotemporoparietal IED injury demonstrating typical massive 
soft tissue swelling, air- lled sinus disruption, intracranial fragments, and epidural hematoma. These are actual 
hardcopy images from in-theater CT scan operating under extreme weather and force protection conditions. Digital 
records are not available for higher resolution.

Medication
• Recently published guidelines for penetrat ing brain  injury 

recom m end ant ibiot ic prophylaxis w ith  cefazolin . Prophy-
laxis t ypically is cont inued unt il 24 hours follow ing rem oval 
of external vent ricular device (EVD) or in t racranial pressure 
(ICP) m onitor, or a total of 48 hours if no such devices are 
present . Considerat ion  m ay be given to extended coverage 
w ith  gentam icin  and penicillin  if gross contam inat ion is 
present . Pat ients w ho are allergic to penicillin  m ay be t reated 
w ith  vancomycin  and cipro oxacin .6

• Seizure prophylaxis w ith  diphenylhydantoin  is in it iated pre-
operat ively.

Operative Field Preparation
• Vigorous cleansing of contam inated adjacent soft  t issue 

is completed w ith  irr igat ion , soap and water, alcohol, and 
povidone iodine or chlorhexidine. Exposed brain  t issue is 
irr igated w ith  saline only. Cont rary to standard pract ice in  
the elect ive set t ing, the hair is clipped w idely both  to rem ove 
gross contam inat ion  and to allow  bet ter visualizat ion  of 
addit ional areas of penet rat ion .

• The incisions are m arked and in  lt rated w ith  1% lidocaine 
w ith  epinephrine 1:100,000.
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Figure Procedural Steps Pearls

Fig. 23.2 Removal of debris is recommended prior to  nal prep. If a fragment 
is  rmly embedded or adjacent to vascular structures the fragment 
is prepped into the  eld.

The head is turned in a manner that optimizes visualization of the 
most severely injured area. Typically, the most devastated portion 
of the wound is placed at the highest point in the operative  eld, 
angled slightly toward the surgeon for best visualization and 
operative control of any deep injuries along the wound tract.

Copious normal saline irrigation is used on any exposed brain 
tissue.

If there is su cient uninjured space on the lateral thigh, it is 
prepped for a potential fascia lata graft.

•  Alcohol, iodine, and other noxious prep 
agents are not applied to exposed brain.

Operative Procedure
Positioning and Preparation (Fig. 23.2)
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Urgent Hemostasis (Fig. 23.3)

Figure Procedural Steps Pearls

Fig. 23.3 Hemostasis w ithin the brain parenchyma must be achieved 
rapidly in the case of severe penetrating trauma. Signi cant 
intracranial sources of bleeding often preclude working slow ly 
from “super cial to deep.” Continuous arterial bleeding from 
intracranial sources is commonly encountered upon removal of 
 eld dressings and use of saline irrigation. Hemostasis must be 
achieved before attending to non-lifesaving interventions such 
as soft tissue debridement.

All methods of hemostasis must be considered. The best 
method is often “time.” When encountering multiple areas 
of signi cant active hemorrhage, the surgeon must pack o  
the least worrisome w ith gelatin sponge, strips of hemostatic 
oxidized cellulose polymer, cotton patties, etc. and gain control 
of the most vigorous bleeding points.

•  Often, excellent hemostasis of low-volume 
bleeding zones within a massive area of injury can 
be achieved by allowing the topical hemostatic 
agents to remain in place—if one can resist  the 
temptation to remove them.
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Soft Tissue Debridement (Fig. 23.4)

Figure Procedural Steps Pearls

Fig. 23.4 Soft tissue debridement is accomplished w ith a combination of 
sharp and blunt dissection. Devitalized and grossly contaminated 
soft tissue is removed. It is important to keep in mind the 
requirement for soft tissue coverage of the  nal construct and to 
minimize the excision of soft tissue w hich is not clearly devitalized. 
A signi cant portion of the muscle and skin may be severely 
contused, yet quite viable, and should be salvaged.

•  Even with wounds such as in Fig. 23.2, the 
elasticit y of the scalp is such that primary 
closure is the norm. Aggressive undermining 
of the scalp (which aids in pericranial graft 
harvest) also helps to achieve primary 
coverage if a signi cant portion of the scalp 
has been devitalized.
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Figure Procedural Steps Pearls

Fig. 23.5 Aggressive debridement of super cial bone 
fragments is indicated. The availability of 
excellent modern modeling techniques for 
calvarial reconstruction precludes the need 
to preserve complex, three-dimensional 
bony structures w here comminution is 
present.7

•  Particularly in the case of contaminated wounds, the absence of 
blood supply to bone fragments may increase infection risk.

Bony Debridement (Fig. 23.5)
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Scalp Incision (Fig. 23.6a, b)

Figure Procedural Steps Pearls

Fig. 23.6 (a) An extended reverse question mark incision allows for a generous 
hemicraniectomy and provides excellent access to harvest a large, 
vascularized pericranial graft—essential to the reconstruction of often 
massive skull base and aerated sinus defects.

(c) In some cases, the very large scalp  ap described above may be 
vulnerable to posterior scalp breakdow n. The surgeon may consider 
a midline incision and ipsilateral extension of Kempe, as revisited by 
Martin,1 taking advantage of the angiosomes of the occipital artery to 
improve results w ith cosmetic reconstruction.8

•  (b) Extension of the lateral incision 
anterior to the tragus and the midline 
incision behind the contralateral hairline, 
if necessary, can provide excellent 
exposure of the frontal fossa and 
zygoma.

•  While this incision forfeits the advantage 
of a vascularized pericranial pedicle, 
free grafts may be harvested from the 
posterior scalp.

a

b C
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Figure Procedural Steps Pearls

Fig. 23.7 The ideal bony incision is just lateral to the superior sagittal 
sinus, just above the transverse sinus, and along the 
temporal and frontal fossa  oors.

•  Over the course of the recent con ict, we have 
become advocates of very large, nearly hemispheric 
bone  aps—in part, due to an inability to provide 
emergency neurosurgical intervention during a 
lengthy transport. On occasion, if minimal damage 
to the brain is accompanied by signi cant loss of 
brain tissue and very lit t le postoperative swelling is 
anticipated, primary reconstruction of the bony injury 
can be accomplished acutely. Primary reconstruction 
should be considered for relatively super cial 
wounds, even with severe fragmentation of bone 
and disruption of soft t issue. Frontal injuries, where 
the potential for brainstem compression is less of a 
concern, are often good candidates. The ability to 
monitor ICP becomes more important in this set ting.

Hemicraniectomy (Fig. 23.7)
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Brain Debridement (Fig. 23.8)

Figure Procedural Steps

Fig. 23.8 Brain debridement is performed using normal saline bulb irrigation to wash away large fragments of obviously 
devitalized brain tissue. Hemostasis is attained, further irrigation is applied, and gross areas of contamination 
are removed. Gentle exploration of wound tracts is appropriate in order to remove obvious and easily accessible 
contaminants, but deeply embedded fragments are not removed unless indicated by later angiography or a 
subsequent infection.
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Skull Base Reconstruction, Pericranial Graft (Fig. 23.9)

Figure Procedural Steps

Fig. 23.9 Dural coverage is obtained using primary dural tissue when available. Fascia lata is harvested if su cient dura is not 
available. Dural substitutes are available in theater if neither can be used.

Reconstruction of the skull base is done w ith local bone, if available; otherwise, harvested bone is employed for 
this purpose. In the rare circumstance that neither is available, arti cial materials such as titanium can be used over 
small areas as long as pericranial coverage is used.

It is important to ensure obliteration of any involved air- lled sinuses. This is done by w idely opening the sinus, 
removing mucosa, and packing the sinus fully w ith muscle and/or fat.

Extensive pericranial graft tissue, w ith a vascularized pedicle, can be harvested due to the expansive scalp exposure 
(see Fig. 23.6). The graft can be maneuvered into place to cover an exenterated air- lled sinus (or skull base 
reconstruction) and sew n over the packed sinus cavity to the adjacent dura.

When possible, anchor the temporalis muscle to scalp or bone in order to preserve its normal anatomic position and 
allow  for later optimal cosmetic reconstruction.
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Closing
Cranial Incision
• The in t racranial space and wound cavity are irr igated w ith  

copious am ounts of saline. The surgical site is reassessed for 
hem ostasis.

• An ICP m onitoring device is placed prior to closure. Ventricu-
lostomy is preferred, since it is both diagnostic and therapeutic. 
Care must be taken to properly allow for pressure relief when 
the patient is taken high altitudes  for intercontinental  transport.

• The tem poralis and subcutaneous t issue are reapproxim ated 
w ith  absorbable 0 or 2-0 suture. The scalp t ypically is closed 
w ith  staples.

Lower Extremity Incision
• After copious ant ibiot ic irr igat ion , the fascia lata harvest ing 

site is closed w ith  a deep layer of 2-0 absorbable suture, fol-
lowed by skin   staples.

Postoperative Management
Monitoring
• If placed in  theater, invasive ICP m onitoring devices are 

retained throughout t ranspor t  to Germ any and the cont inen-
tal United States.

• Sedat ion , pain  cont rol m easures, and ventr icular drainage to 
control ICP are closely m onitored and m anaged by on board 
in tensivists and crit ical care nursing sta .

Medication
• Ant iepilept ic prophylaxis is cont inued for 7 days.
• Prophylact ic ant ibiot ics are cont inued for 48–72 hours.

Radiographic Imaging
• Repeat  CT im aging is t ypically obtained postoperat ively, the 

next  m orning, and on an  as-needed basis thereafter for neu-
rologic changes. Im aging requirem ents are balanced against  
hem odynam ic stabilit y and other r isks of t ransport  to im ag-
ing suite.

• We have becom e m uch m ore aggressive w ith  angiography 
due to increased incidence of vasospasm , pseudoaneurysm , 
and delayed hem orrhage in  pat ients exposed to blast  energy. 
In  addit ion  to incidences of obvious vascular injury, we rou-
t inely perform  angiogram s in  the follow ing pat ients to look 
for occult  injury:  penetrat ing injury near the circle of Wil-
lis, Sylvian   ssure, or posterior fossa; know n vasospasm ; and 
blast-associated blunt  t raum a.

• Postoperat ive im aging (Fig. 23.10a, b).

Fig. 23.10a, b CT (a) brain and (b) bone 
windows obtained in the postoperative period. 

a

b
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Special Considerations
• We have noted postoperat ive challenges w ith  vasospasm , 

pseudoaneurysm  form at ion, very low  pressure hydrocepha-
lus, and m ult idrug resistant  organism  ventriculit is.

• Additionally, reconstructive procedures for the m ore m assive 
 injuries require a m ultidisciplinary e ort involving  neurosurgery, 
plastic surgery, oral and maxillofacial surgery, otolaryngology–
head and neck surgery, ophthalmology, prosthodontics, and 
imaging/three-dimensional fabrication experts.
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bone or m etallic fragm ents w ith in  24–48 hours of the in i-
t ial injury .1,3–10 An incom plete spinal cord injury m ay exist  
w ithout  im pingem ent  on  the spinal canal due to the energy 
released to the surrounding st ructures by the passage of 
the project ile (i.e., “shock wave”). In  th is scenario, surgery 
is not recom m ended.

• CSF—cutaneous/pleural  stula
• Prolonged CSF leakage and it s concom itant infect ious risks 

const itu te a de n it ive surgical indicat ion  in  PSI1,3 (Fig. 24.2).
• Fragm ent-induced nerve root compression

 ◦ Pat ients w ith  both  clin ical and radiographic evidence of ei-
ther bony or foreign body–induced nerve root   com pression 
should have the involved roots decom pressed, ideally in  
the  rst  24–48 hours after injury.1

• Spinal instabilit y
 ◦ Since the m ajorit y of civilian  PSIs are from  low -m uzzle 
velocity handguns and knife wounds, biom echanical in -
stabilit y is not , in  general, an  issue. As such, these pa-
t ients require no inst rum entat ion  and/or fusion during 
operat ive in tervent ion.1,3,9,10 In  com bat  PSI, however, the 
project iles involved (bullets or fragm ents from  an explo-
sive device) have a greater energy that  can  be dissipated 
to the surrounding anatom ic st ructures, thus increasing 
the  likelihood of spinal instabilit y. With  h igh-velocity bal-
list ic t raum a, the rate of instabilit y can approach 20% and 
is m ost com m on in  injuries w ith  a side-to-side t rajectory 
involving the facet  join ts bilaterally7; however, the concept 
of spinal stabilit y rem ains nebulous and ult im ately rests on  
a case-by-case considerat ion  of m ult iple clin ical and radio-
graphic  ndings w ith  clin ical in tuit ion  playing an  equally 
st rong role (Fig. 24.3).

 ◦ If the pat ien t  has a t ransgast roin test inal and unstable 
sp inal injury, we recom m end that  in st rum en tat ion  be 
postponed un t il the pat ien t  has com pleted  a fu ll course of 
in t ravenous an t ibiot ic therapy and, if necessary, the abdo-
m en  has been  thoroughly debr ided and washed ou t  by a 
general surgeon .

• Recent  literature has established that  the follow ing clin ical 
scenarios are not  indicat ions (in  and of them selves) for opera-
t ive in tervent ion:
 ◦ Complete spinal cord injury (in  the absence of spinal insta-
bilit y or CSF leakage) (Fig. 24.4)1,3–10

 ◦ Wound debridem ent/closure (in  the absence of gross 
wound contam inat ion)11

 ◦ Copper- and/or lead-based fragm ents
 ▪ Given how  rare heavy m etal toxicit y is w ith  PSI, the com -
posit ion  of a fragm ent  should not  dictate operat ive in ter-
vent ion  based on current  evidence.3

Introduction
• Com bat-related penet rat ing spine injuries (PSIs) are due to 

 rearm s and explosive devices, m ost notably im provised ex-
plosive devices (IEDs).

• PSIs account  for up to 25% of all spinal cord injuries, of w hich 
approxim ately half present  w ith  com plete paraplegia and 
m ore than one-quarter are associated w ith  other injuries.1 
An ar t icle com paring penetrat ing and blunt  m ilitary spine 
injuries in  the recent  U.S. m ilitary con icts (Operat ion  Iraqi 
Freedom  and Operat ion  Enduring Freedom ) repor ted that 
of 598 injured service m em bers, 104 (17%) sustained spinal 
cord injuries, comprising 10% of blunt  injuries and 38% of 
penetrat ing injuries (p ,  0.0001).2

• The thoracic spine accounts for the m ajorit y of injuries, w ith  
the lum bosacral and cervical spine follow ing in  second and 
th ird, respect ively.1,3

• Given the relat ionship of kinet ic energy (KE), m ass (m ), and 
velocity (v) (KE 5  1/2mv2), the m ost  cr it ical factor a ect ing 
the dest ruct iveness of a project ile is its velocity,4 m aking the 
h igh-velocity PSIs seen in  com bat  set t ings part icularly dev-
astat ing.3,5 Therefore, it  is not surprising that  pat ients w ith  
m ilitary PSI in  general have a worse neurologic injury on pre-
sentat ion  and have less potent ial for neurologic recovery than 
those w ith closed spinal cord t raum a.3

Indications
• Fig. 24.1 depicts a t reatm ent algorithm  for com bat-related PSI.
• Incom plete spinal cord injury w ith  m ass lesion in  the spinal 

canal, w ith  or w ithout  progressive neurologic de cit
 ◦  While the literature is m ixed regarding the exact  bene t  of 
decom pressive surgery (usually in  the form  of m ult ilevel 
lam inectom ies), m ost st ill favor operat ive in tervent ion  in  
a m edically stable pat ient  w ith  an  incom plete spinal cord 
injury and evidence of persistent  cord com pression such as 

Discla im er:  Th e  view s exp ressed  in  t h e  follow in g text  (or  p resen t a -
t ion , m an u scr ip t , e t c.) a re  t h ose  of t h e  au t h ors an d  d o n ot  n eces-
sar ily reflect  t h e  officia l p olicy or  p osit ion  of t h e  Dep ar t m en t  of 
t h e  Ar m y, Dep ar t m en t  of t h e  Navy, Dep ar t m en t  of Defen se , n or  t h e 
U.S. Gove r n m en t .
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Fig. 24.2 This is an example of a complex exit wound from a penetrating 
spine injury. Management of dural violation and cerebrospinal  uid 
 stulas is paramount for wound healing in these patients. Vascularized 
tissue coverage is critical and may require the assistance of a plastic 
surgeon.

a b

c

Fig. 24.3a–e  This 27-year-old man sustained a high-
velocity gunshot wound that entered through the left 
neck (with associated tracheal/esophageal injuries and 
severe bilateral pulmonary contusions) and resulted 
in complex (a, b) multicolumn fractures of T2-4 with 
bilateral facet joint involvement, (c, d) complete cord 
transection, and a resultant complete (ASIA A) spinal 
cord injury. His tracheal and esophageal injuries were 
repaired and the entry/exit sites were debrided and 
closed while in theater. Because of the patient’s poor 
pulmonary and infectious status, his spinal injuries 
could not be addressed until post-injury day 15. 
(continued)
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Fig. 24.3 (continued) (e) At that time, he underwent a C7-T5 posterior spinal fusion with ligation of the thecal sac above 
the level of injury.

d e

a b

c

Fig. 24.4a–c This 39-year-old man sustained a gunshot 
wound that entered medial to the left scapula and traversed 
the left T2-3 pedicle, (a, b) exiting into the thoracic cage via 
the right T2-3 neuroforamen. He presented with a complete 
(ASIA A) spinal cord injury with no sacral sparing and MRI 
evidence of severe spinal cord injury (c). Given that the injury 
was thought to be stable and that there was no evidence of 
CSF leakage, it  was managed nonoperatively with bracing.
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• Place in -dwelling (Foley) ur inary catheter and nasogast ric 
tube (connected to suct ion) to prevent urinary retent ion  and 
vom it ing/aspirat ion , respect ively.

• High-dose m ethylprednisolone is not indicated in  the m an-
agem ent of PSI.14

• Stress ulcer and pharm acologic deep vein  throm bosis pro-
phylaxis is encouraged.

• High-dose broad-spect rum  in t ravenous ant ibiot ics given for 
7–10 days are indicated, especially in  the case of a t ransab-
dom inal t rajectory w ith  an  associated bowel injury.15,16

Operative Considerations/ 
Techniques
The pat ient  w ith  a PSI is at  h igh r isk for a w ide range of 
 perioperat ive complicat ions that  the surgeon m ust  ant ici-
pate and t ry to prevent . In  a recent  ar t icle by Possley et  al,17 
 complicat ions—de ned as unplanned m edical events (surgi-
cal or nonsurgical) that  require fur ther in tervent ion—occurred 
in  35% of service m em bers w ith  PSI w ho underwent surgical 
in tervent ion .

Tactical Scenario
• Does the current  tact ical set t ing allow  for operat ive in terven-

t ion  in  a safe, ster ile environm ent?

Associated Injuries
• For t ransthoracic injuries: Is the pat ient  able to tolerate being 

prone from  a respiratory and hem odynam ic  standpoint?
• For t ransperitoneal injuries: Does the pat ient  require in ter-

vent ion  for a possible in test inal/vascular injury? Can the pa-
t ient  tolerate being prone for the durat ion  of the  operat ion?

Operative Field Preparation
Radiographic Imaging
• See Im aging sect ion  for details
• Plain  X-rays: For posterior thoracic approaches to determ ine 

the num ber of r ibs for localizat ion

Equipment/Set-Up
• Headlight , loupes, bipolar/Bovie cautery
• In t raoperat ive  uoroscopy
• May eld head holder: For posterior cervical approaches
• Prone table: Open/closed Jackson table w ith  Wilson fram e 

or bolsters depending on surgeon preference for posterior 
thoracolum bar approaches

• Basic spine t ray w ith  Kerrison rongeurs
• High-speed drill
• Basic spinal inst rum entat ion  t ray: Should have on stand-by 

for all cases
• Dural repair m aterials: Should have appropriate sutures 

(4-0 braided nylon, etc.) available for prim ary dural repair, 

Preprocedure Considerations
Initial Evaluation
• Full evaluat ion/resuscitat ion  protocol in  accordance w ith  the 

Advanced Traum a Life Support  (ATLS) guidelines.
• Detailed neurologic assessm ent  to include m otor funct ion  in  

all key m uscle groups, sensory status, re exes, and sphincter 
tone as detailed by the Am erican Spinal Injury Associat ion  
(ASIA) exam inat ion  protocol.11

• Exam inat ion  of entrance/exit  wounds for evidence of cere-
brospinal  uid (CSF) leakage.

• Thorough evaluat ion  and assessm ent  of any associated soft  
t issue or visceral injuries.

Radiographic Imaging
Plain X-ray
• Dem onst rates anatom ic alignm ent , the presence or absence 

of overt  bony injury, and the locat ion of m ost retained for-
eign bodies.

Computed Tomography (CT)
• Provides superior im aging of the bony anatomy and injury 

pat tern(s). In  addit ion , it  also provides inform at ion regarding 
the locat ion  of retained foreign bodies. Metallic st reak ar t i-
fact  from  retained foreign bodies m ay degrade the im aging.

• For cervical spine injury, CT angiography (CTA) should be 
perform ed on all pat ients to evaluate for carot id or vertebral 
ar tery injury: disrupt ion , dissect ion , throm bosis, or pseudoa-
neurysm  form at ion. For thoracic or lum bar involvem ent , CTA 
and CT venography should be done to evaluate for large ves-
sel injury (e.g., thoracic and abdom inal aorta, com m on iliac 
ar ter ies, infer ior vena cava).

• CT myelography is rarely indicated in  the acute set t ing; 
it  m ay be valuable in  a pat ient  in  w hom  m agnet ic resonance 
im aging (MRI) is cont raindicated but  in  w hom  concern  exists 
for a compressive dural lesion not  apparent  on  bone w indows 
such as an  epidural or subdural hem atom a.

MRI (When Available)
• Excellent  for show ing soft  t issue anatomy: the in tegrit y of the 

spinal cord, nerve roots, ligam ents, m uscles, join t  capsules, 
and in terver tebral disks. MRI is usually cont raindicated in  PSI 
if there are retained m etallic fragm ents.

Initial Medical Management12

• Adm ission to m onitored set t ing.
• Im m obilizat ion  unt il spinal stabilit y established.
• Avoid hypotension (systolic blood pressure ,  90 m m  Hg) and 

m aintain  m ean ar terial pressures at  85–90 m m  Hg for the 
 rst  7 days if the pat ient has su ered a spinal cord injury.13

 ◦ Use careful in t ravenous hydrat ion w ith  pressors ( dopam ine) 
if needed to m aintain  m ean ar terial pressure (MAP) goals.
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synthet ic dural subst itu tes, and dural sealants for all cases. 
Also, m aterials for thecal sac ligat ion  if indicated (see Fig. 24.1  
and Operat ive Technique sect ion) should be available.

• Lum bar drain : Should have available if needed for CSF diver-
sion  in  lum bosacral decom pressions

Anesthesia Issues
• Consider awake  beropt ic in tubat ion  if spinal instabilit y 

suspected
• Prophylact ic in t ravenous ant ibiot ics 30 m inutes prior to 

incision  if not  already on broad-spect rum  ant ibiot ics
• Foley catheter

• Arterial line to m aintain  m ean ar terial pressure .  85 m m  Hg 
for the ent irety of the case

Neuromonitoring
• Recom m ended if available for m onitoring of som atosensory 

evoked potent ials (SSEPs) and elect romyography (EMG)

Prepping/Incision
• Shave w ith  elect r ic hair clippers
• Surgical preparat ion  in  the standard sterile fashion
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Operative Procedure
Positioning (Fig. 24.5a, b)

a
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Figure Procedural Steps Pearls

Fig. 24.5 (a) Posterior cervical approach: Prone in May eld head holder 
on standard operating room table w ith appropriate padding and 
arms tucked on the patient’s sides in reverse Trendelenburg to 
promote venous drainage. Use  uoroscopy to con rm normal 
physiologic cervical alignment.

(b) Posterior thoracolumbar approaches: Prone on open/
closed spinal table w ith Wilson frame or bolsters depending on 
surgeon preference. For pathology above T6-7, the arms should 
be tucked at the patient’s side. Below  this level, the arms may be 
abducted and placed on a padded surface.

•  Use  uoroscopy to plan the incision to span at 
least two levels above and below the levels of 
planned decompression and/or fusion.

•  Consider both anteroposterior and lateral 
 uoroscopy to aid in localization for posterior 
thoracic approaches (requires preoperative 
knowledge of rib number). Bony injury or 
retained metallic fragments will allow rapid 
localization of the injured level(s).

b
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Dissection (Fig. 24.6)

Figure Procedural Steps

Fig. 24.6 A midline incision is made with no. 10 scalpel blade (length as dictated by 
 uoroscopic localization).

Using monopolar cautery, continue a midline dissection w ith the assistance of 
self-retaining retractors to the level of the spinous processes.

Verify operative level  uoroscopically.

Complete a bilateral subperiosteal dissection on the planned levels of 
decompression to the medial edges of the facet joints. If an instrumented fusion 
is not planned, take special care to leave the facet joint capsules intact.

TH_Ullman_CH24.indd   406 3/19/15   9:12 PM



24 Combat-Associated Penetrat ing Spine Injury

407

Laminectomy (Fig. 24.7)

Figure Procedural Steps

Fig. 24.7 Using the high-speed drill and Leksell/Kerrison rongeurs, remove the 
spinous processes and perform laminectomies at least one level above 
and below  the pathologic level.

Remove the underlying ligamentum  avum w ith Kerrison rongeurs.
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Decompression (Fig. 24.8)

Figure Procedural Steps

Fig. 24.8 Carefully remove any foreign bodies or bony fragments causing any compression 
on the underlying nerve roots, thecal sac, or spinal cord.
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Figure Procedural Steps Pearls

Fig. 24.9 Carefully explore the thecal sac and exiting nerve roots 
for the presence of any dural tears.

If present, attempt primary repair w ith 4-0 braided nylon 
suture that can be augmented by the use of either dorsal 
autologous fascia/muscle or a suturable synthetic dural 
substitute for larger defects.

Perform Valsalva maneuver to judge the integrity of the 
dural repair.

•  Further augmentation with synthetic dural substitutes 
and sealants may then be at tempted.

•  In the instance of CSF leakage in the set ting of a 
complete spinal cord injury, consideration may then be 
given to ligation of the thecal sac as a primary means of 
halting CSF egress.

•  Consider intraoperative placement of a lumbar drain for 
protection of lumbosacral dural repairs.

Dural Exploration/Repair (Fig. 24.9)
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in  those pat ients w ith  com plete spinal cord injury and those 
w ith  incomplete injury but w ho are nonam bulatory.
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Instrumentation/Fusion  
(See Chapters 14 and 15)
• If indicated, perform  inst rum entat ion  and fusion after the 

prim ary operat ive goals of decom pression and dural repair 
have been accom plished.

Closing
• Suct ion  canister/Jackson-Prat t  drain(s) if needed (avoid w hen 

dural repair perform ed).
• Close dorsal fascia in  a watert ight  m anner w ith  in terrupted 

0-0 braided absorbable sutures.
• Close subcutaneous t issue w ith  inverted, in terrupted 

2-0 braided absorbable sutures.
• Close skin w ith  either staples or running 2-0/3-0 nylon suture.

Postoperative Management
• Adm ission to a m onitored set t ing w ith  cont inued blood pres-

sure goals as speci ed for up to 7 days after the in it ial injury.
• Monitor drain  output  w ith  rem oval w hen output  is m inim al 

or if any concern  exists for CSF leakage.
• Obtain  early postoperat ive im aging if inst rum entat ion  per-

form ed.
• Maintain  appropriate ant im icrobial coverage w ith  in t rave-

nous ant ibiot ics for 7 days if visceral injury is con rm ed.
• In  the case of a low  thoracic or lum bar dural repair, m aintain  

the pat ient   at  for 48–72 hours postoperat ively. For cervical 
or proxim al thoracic dural repairs, m aintain  the pat ient  w ith  
the head of bed at  90 degrees for 48–72 hours in  the postop -
erat ive set t ing. In  the case of m id-thoracic dural repairs, the 
posit ioning of the pat ient  postoperat ively is at  the discret ion  
of the operat ing surgeon.

• Mechanical deep vein  throm bosis (DVT) prophylaxis should 
be in it iated upon adm ission and cont inued throughout sur-
gery and postoperat ively. When it  is determ ined to be appro-
priate, inst itute pharm acologic DVT prophylaxis.

• Recom m end postoperat ive scoliosis survey in  the sit t ing or 
standing posit ion  (depending on the pat ient’s clin ical status) 
to provide baseline knowledge regarding regional and global 
spinal balance. This should be repeated at  regular in tervals (as 
determ ined by the operat ing surgeon) to m onitor for any de-
form ity progression in  the post-surgical set t ing,  part icularly 
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Introduction
Craniotomy bone  aps are often  frozen or stored in  the subcu-
taneous layer of the abdom inal wall after decom pressive cra-
niectomy for in t racranial hypertension from  t raum at ic brain  
injury, cerebrovascular disease, or other causes. Bone  ap res-
torat ion  w ill be needed once the acute issues have resolved. 
There is no consensus regarding the opt im al t im ing of bone  ap 
replacem ent .1–4 Replacem ents can  be perform ed from  as lit t le 
as 2 weeks to m ore than 1 year after injury.5,6

Indications
• Su cient  abatem ent of swelling has occurred w ith  the brain  

noted on clin ical or radiological exam inat ion  to be “sunken” 
or not signi cant ly prot ruding beyond the defect .

• There is no indicat ion  of system ic or local infect ion , or evi-
dence of signi cant  decubitus ulcers in  proxim ity to the cra-
nial defect  or incision .

• Increasing lethargy or new  focal de cit  is present  on  exam i-
nat ion  and not otherw ise at t r ibuted to m etabolic or st ruc-
tural abnorm alit ies. Such de cits are potent ially due to the 
e ects of altered cerebrospinal  u id (CSF) dynam ics or atm o-
spheric pressure on  the brain .

• There m ay be signi cant  brain  depression at  the defect  and 
com puted tom ography (CT) m ay reveal brain  shift ing to the 
cont ralateral side. Evidence suggests that  earlier restorat ion  
of cranial in tegrit y can improve neurologic de cits in  addi-
t ion  to helping those pat ients w ho exhibit  early signs of com -
m unicat ing hydrocephalus.5,7,8

Preprocedure Considerations
Radiographic Imaging
• CT is essent ial to evaluate the condit ion  of the brain  and it s 

relat ionship w ith  the defect  pr ior to perform ing reconst ruc-
t ion  (Fig. 25.1).

Medication
• The author prefers vancomycin  and gentam icin  for ant ibi-

ot ic prophylaxis, provided the pat ient  does not have renal 
failure or other contraindicat ions. Often  pat ients have been 
hospitalized for signi cant periods of t im e and there is a pos-
sibilit y for the skin  to be colonized w ith  m ethicillin-resistant  
Staphylococcus aureus.

• Diphenylhydantoin is administered at 15 mg/kg in nonallergic 
patients who are not on standing antiepileptic medication. Leve-
tiracetam can be used alternatively at a 1000-mg loading dose.

Operative Field Preparation
• Alcohol prep is perform ed before povidone iodine or chlorhex-

idine applicat ion .
• The incisions are m arked and in  lt rated w ith  1% lidocaine 

w ith  epinephrine 1:100,000.

Fig. 25.1 Preoperative computed tomography study indicating a large 
left cranial defect. The brain is largely  ush with the bone edges.
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Operative Procedure
Positioning and Preparation (Fig. 25.2a, b)

Figure Procedural Steps Pearls

Fig. 25.2 (a) Patient positioning. The head is 
turned approximately 60 degrees in the 
contralateral direction and the prior 
frontotemporoparietal scalp incision is 
exposed and prepared.

(b) The abdominal incision housing 
the subcutaneously placed bone  ap is 
exposed and prepared.

•  While this chapter discusses subcutaneously placed autogenous 
bone graft s as opposed to those stored in a freezer, the techniques 
of reopening the craniotomy incision and bone  ap replacement 
remain the same. For the commonly performed hemicraniectomy or 
frontotemporoparietal (occipital) defect , the pat ient  is posit ioned in 
the supine posit ion with the head turned approximately 60 degrees 
in the contralateral direct ion. The head is placed on a donut 
and a roll is placed under the ipsilateral shoulder. For bifrontal 
craniectomies, the pat ient  is placed supine, head straight  posit ion; 
the subcutaneous dissect ion described forthwith is essent ially the 
same (see Chapter 26).

b

a
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Skin Incision (Fig. 25.3a, b)

Figure Procedural Steps Pearls

Fig. 25.3 (a) The incision is made with a no. 10 blade from the 
superoanterior frontal region  rst and opened in progressive 
fashion. The bone edge is palpated under the incision. If there 
is no bone edge, a straight clamp is used to separate the 
pericranium from the galea to provide protection from the knife 
blade w hen bone cannot be palpated underneath the incision.

(b) The incision is opened in stages starting w ith the frontal, 
superior portion, placing galeal clamps w hen this layer has been 
properly separated. The plane between the pericranium and 
galea is developed w ith sharp dissection. The scalp layer can be 
properly re ected forward by developing the plane between the 
vascularized pericranium and the galea.

•  In cases where the pericranium was elevated 
with the scalp during the initial procedure, 
this layer is virtually unscarred. The galea–
pericranial plane is developed with a 
Metzenbaum scissors. Unscarred planes can 
also be developed with blunt dissection using 
a gauze sponge. The pericranium will cover 
the defect as the new “pseudodural” plane. 
If the pericranium is intact, the defect area 
will be well-vascularized and the underlying 
duraplasty or brain tissue will not be seen.

a

b
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Figure Procedural Steps Pearls

Fig. 25.4 After dissection becomes limited, the skin is opened further. 
Progressive alternation of skin opening and galeal–pericranial 
plane dissection is completed until the wound is completely 
reopened and the entire scalp  ap has been re ected. Galeal 
clamps are placed for hemostasis. The scalp  ap is then retracted 
anteriorly with scalp hooks or 2-0 braided nylon sutures attached 
to rubber bands and clamps. Hemostasis is achieved w ith mono- 
and bipolar cautery.

•  Maintaining vascularized tissue in the epidural 
plane can help combat potential infections 
and promote osteoinduction.9 Surgeons who 
have previously performed a duraplasty with 
collagen or allo/xenographic dural substitutes 
may choose to dissect the pericranial–
dural plane. However, if the cranioplasty is 
performed prior to su cient incorporation of 
the dural graft material, the resulting dural 
layer may not yet have su cient vascularity.

Subcutaneous Dissection (Fig 25.4)
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a

b

Identifying the Temporalis Muscle and Separation (Fig. 25.5a–c)
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Figure Procedural Steps Pearls

Fig. 25.5 (a) Monopolar cautery or a scalpel is used along the posterior 
bone edge to expose and incise the temporalis muscle for 
dissection and transposition.

(b) The plane between the muscle layer and the underlying 
duraplasty is developed w ith dissecting scissors. If a dural plane 
is not well established underneath the muscle during the initial 
procedure, disruption of the cerebral cortex may occur. Well-
preserved muscles can be separated from the underlying tissues 
safely using sharp dissection and leaving behind a thin layer of 
muscle  bers.

(c) The fascia is incised w ith the temporalis muscle and re ected 
inferiorly w ith a 2-0 suture although it is not always easy to 
distinguish the temporalis fascia from the surrounding tissues.

•  There is scant discussion in the literature 
about the temporalis muscle disposition 
during cranioplasty.10

•  The author at tempts to transpose the 
temporalis if there is su cient muscle volume 
to warrant such at tempts.

•  If the bone  ap is replaced over functional 
muscle tissue, the patient may experience 
movement restriction and discomfort during 
mastication. If signi cant muscle atrophy 
is present along with the risk of disrupting 
cerebral cortex, it  is advisable to abandon 
muscle transposition. Methods to preserve 
the temporalis during the initial craniectomy 
procedure have been reported.11

c
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Subcutaneous Abdominal Bone Flap Retrieval (Fig. 25.6a, b)

Figure Procedural Steps Pearls

Fig. 25.6 (a) The prior abdominal wall incision is opened with a no. 10 blade dow n to the 
bone. The bone is dissected from its “pseudocapsule” and surrounding tissues w ith 
a periosteal elevator along the super cial surface, then the lateral edges, then the 
undersurface, then, lastly, the superior, inferior, and medial edges. A laparotomy 
pad is placed in the abdominal wall pocket to assist w ith hemostasis. The bone is 
brie y soaked in a half peroxide/saline solution then irrigated clean with saline.  
Debris is scraped from the bone surface w ith a periosteal elevator.

(b) Before bone  ap replacement, tangential holes are created w ith the drill along 
the superior temporal line for temporalis  xation to re-create the temporalis 
insertion, if the temporalis is to be transposed.

a

b
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Bone Flap Replacement (Fig. 25.7a, b)

a

b

Figure Procedural Steps Pearls

Fig. 25.7 The craniectomy defect is prepared to receive 
the graft. Hemostasis, especially epidural, is 
obtained w ith bipolar coagulation and irrigation. 
The bone edges are palpated. The posterior and 
anteroinferior portion of the pericranial graft is 
left attached to its vascular pedicle.

(a) The bone  ap is then placed into the defect 
for alignment and to mark the areas for titanium 
plate placement. Titanium plates are screwed 
onto the graft bone edge. The graft is then 
replaced onto the defect and the plates are 
secured to the bone edge. Where pericranium 
has been left on the bone surface to maintain 
its vascularity, the screw  is placed through the 
pericranium. 

•  If extant, protrusion of the brain through the defect during 
surgery can be controlled with head of bed elevation, 
mannitol, and/or mild hyperventilation. If an intradural cyst is 
causing protrusion, it  can be drained with ultrasonic guidance 
prior to replacing the bone  ap. On occasion the author 
has elected to hinge the bone  ap at the superior edge to 
allow brain swelling to decrease slowly over time. If hinged, 
placement of plates around the circumference of the  ap can 
help to prevent sinking of the  ap once the swelling resolves. 
It  is often not necessary to secure these other plates in the 
future, but the option remains open.

•  In cases where the bone has remodeled and the graft  t  is 
not precise, a bur may be used to make the bone edges more 
even. (b) In such cases where there may be signi cant gaps 
or a good deal of temporal and sphenoid bone resection was 
performed at the initial procedure, t itanium mesh may be 
placed atop the graft and the inferior bone edges and secured 
with titanium screws.
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Figure Procedural Steps Pearls

Fig. 25.8 (a) If preserved, the temporalis muscle is secured 
to the holes created as its “insertion” at the 
superior temporal line w ith 2-0 braided nylon 
sutures to complete its transposition.

(b) The posterior portion of the temporalis is 
reapproximated w ith 2-0 braided nylon suture or 
absorbable suture.

•  It  is optional to place polymethylmethacrylate or 
hydroxyapatite atop the mesh or any other existing defect 
after the bone  ap has been replaced. Precontoured materials 
for these defects are available (see Chapter 26).

Temporalis Transposition (Fig. 25.8a, b)

a

b
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Completed Construct (Fig. 25.9)

Figure Procedural Steps

Fig. 25.9 Photograph of completed construct prior to closing.
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occurs over t im e. Though this t im e period is not cer tain, it  is 
likely to occur som etim e after 3 m onths of storage.14 Subcutane-
ously stored bone grafts have been noted to have histological ev-
idence of both bone destruct ion and osteogenesis.14,15 Therefore, 
earlier placem ent of th is type of stored graft  m ay be preferable. 
Frozen grafts m ay have a higher incidence of bone resorpt ion  
once implanted, especially in  children.9,12,16,17 This resorpt ion 
m ay also be m it igated by earlier bone  ap replacem ent .6

While the focus of th is chapter does not  include indicat ions 
for shunt ing, quest ions ar ise as w hether to perform  a shunt or 
how  to m anage an  exist ing shunt prior to bone  ap replace-
m ent .1,8,18–20 It  is the author’s pract ice that , w hen pat ients de-
velop post t raum at ic norm al pressure hydrocephalus w ith  no 
prot rusion of brain  through the defect  and pat ients are ready 
for bone  ap restorat ion , the lat ter is perform ed  rst  w ith  care-
ful postoperat ive m onitoring of the neurologic exam inat ion  and 
radiographs. The shunt  is then placed in  a delayed fashion (1 to 
2 weeks postoperat ively) to allow  for extra-axial air or  uid to 
resolve prior to shunt placem ent  so as to avoid potent iat ing a 
collect ion  in  th is space. In  pat ients w ho have shunts prior to 
cranioplasty, the clin ical condit ion  m ay allow  for temporary 
shunt occlusion in  the pre- and perioperat ive period w ith  close 
m onitoring to e ect  brain  expansion and thereby m inim izing 
subdural collect ion  developm ent . However, th is decision  is 
based upon taking in to considerat ion  the pat ient’s clin ical con-
dit ion , h istory of shunt dependence, and radiographic studies. 
Program m able shunt valves m ay perm it  the pract it ioner to ad-
just  drainage pressure to a h igher set t ing prior to cranioplasty. 
Afterward, progressive reduct ions in  the pressure set t ings can  
help prevent subdural collect ions.1 These program m able valves 
m ay also be useful in  shortening the t im e fram e between cra-
nioplasty and delayed de novo shunt ing.

Closing
Cranial Incision
• The wound is heavily irr igated.
• A m edium  suct ion  drainage device is placed in  the subgaleal 

plane.
• The scalp is approxim ated w ith  3-0 braided absorbable su-

ture in  an  inverted, in terrupted fashion.
• The skin  is closed w ith  3-0 nylon or w ith  staples.

Abdominal Incision
• After hem ostasis is obtained at  the abdom inal site w ith  m o-

nopolar cautery, an  opt ional suct ion  drainage device is placed 
in  the abdom inal wall cavity.

• The pseudocapsule and fat  layers are closed w ith  3-0 absorb-
able su ture.

• The skin  is closed w ith  staples or 3-0 nylon sutures.

Postoperative Management
Monitoring
• It  is the author’s pract ice to place the pat ient  in  a m onitored 

set t ing overnight in  the postoperat ive period to observe for 
seizure act ivit y or evidence of in t racranial bleeding.

Medication
• The prophylact ic ant iepilept ic agent is cont inued for a total of 

7 days provided there are no in terim  seizures.
• It  is opt ional to give two to three doses of prophylact ic ant ibi-

ot ics in  the im m ediate postoperat ive period.

Radiographic Imaging
• A postoperat ive CT scan m ay be obtained to evaluate for 

ext ra-axial collect ions or other hem orrhage (Fig. 25.10).

Further Management
• Drains are rem oved in  1 or 2 days.
• Skin  sutures or staples are rem oved after 2 weeks.

Special Considerations
Explanted craniotomy  aps can also be stored in  sub-zero freez-
ers under asept ic condit ions.12,13 The available literature sug-
gests that  the rate of infect ion or com plicat ions do not di er 
between grafts stored by either m ethod.9,12,13 The disadvantage 
of subcutaneously stored bone grafts is that bone rem odeling 

Fig. 25.10 Computed tomography head scan after bone  ap replacement.
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Introduction
When an autologous cranioplasty is not an option—w hether from  
contam ination, infection, fragm entation, bony reabsorption, or 
grow th in the cranial vault (in children)—neurosurgeons often  
have to turn to implantable synthetic  cranioplasties. The goals 
of a cranioplasty rem ain the sam e: last ing repair of the cranial 
defect w ith good anatom ic contour. This can be perform ed at any 
t im e point follow ing a reduction in brain  swelling.1 Since the 
1600s, neurosurgeons have experim ented w ith several di erent 
constructs in the quest for the perfect cranioplasty.2 Recent de-
velopm ents in computer-aided design and m anufacturing, t issue 
engineering, and osteoinductive capabilit ies allow for the fabrica-
t ion of an alloplastic implant w ith excellent aesthetics that w ith-
stands biom echanical stresses and allows for t issue integration.3

Indications
• Su cient  abatem ent  of swelling has occurred w hen neuroim -

aging dem onst rates that  brain  is not  prot ruding beyond the 
defect  and lacks any evidence of system ic or local infect ion .
 ◦ Unsuitabilit y of autologous cranioplasty
 ◦ Bone was fragm ented (prim ary injury was a depressed 
skull fracture)

 ◦ Bone was contam inated at  the t im e of injury (foreign body 
contam inat ion or open fractures)

 ◦ Bone  ap infect ion/osteomyelit is
 ◦ Signi cant  disproport ion  between the skull and the bone 
 ap result ing in  aesthet ically unpleasing outcom e

 ▪  Bony reabsorpt ion  follow ing in it ial autologous cranio-
plasty (Fig. 26.1).
 ▪ Bony rem odeling
 ▪ Signi cant  grow th of the cranial vault  (in  children)

 ◦ Grow ing skull fractures and t raum at ic defects in  the skull 
(Fig. 26.2)

Preprocedure Considerations
Radiographic Imaging
• Neuroim aging is required prior to any cranioplast y to evalu-

ate the condit ion  of the brain , it s relat ionship w ith  the cranial 
defect , any degree of hydrocephalus, external hydrocephalus, 
and/or leptom eningeal cysts.

• Magnet ic resonance im aging (MRI), w hile not necessary, 
allows for m ore detail of the brain ; it  also m ay be m ore 
suitable for children  w hen there is a goal to lim it  radiat ion  
exposure.

Fig. 26.1 Three-dimensional CT scan of 
bony reabsorption following cranioplasty in 
an infant.
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Fig. 26.2 Growing skull fracture in an infant.

• Computed tom ography (CT) allows for visualization of the 
thickness of the bone to determ ine the “splitability” in children.

• A three-dim ensional anatom ic CT is necessary for const ruc-
t ion  of custom , im plantable cranioplast ies.

Medication
• Antibiotic prophylaxis includes the standard preoperat ive dose 

30–60 m inutes prior to skin incision. Som e neurosurgeons also 
provide 24 hour ant ibiotic prophylaxis postoperat ively.

• Ant iepilept ic prophylaxis m ay be considered in  pat ients w ho 
are not on  standing ant iepilept ic m edicat ion . Our inst itut ion  
ut ilizes phenytoin  or levet iracetam .

Operative Site Preparation
• The skin  incision used for the decom pressive craniectomy or 

craniotomy site is t ypically su cient .
• Incisions should be m ade as cosm et ic as possible, staying be-

hind the hairline and preserving blood  ow  to the scalp  ap.
• Approxim ately 1–2 cm  of hair clipping m ay be perform ed.
• The skin  is prepped as per physician  preference, w ith  the rec-

om m endat ion that  alcohol is used during a stage of the skin  
cleansing process.

• The incisions are m arked and in  lt rated w ith  0.2% ropiva-
caine w ith  epinephrine 1:100,000.

• Algorithm  for cranioplasty select ion  (Fig. 26.3).
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Fig. 26.3 Algorithm for cranioplasty selection. HA, hydroxyapatite; PMMA, polymethylmethacrylate.
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Figure Procedural Steps Pearls

Fig. 26.4 For most cranioplasties, it is su cient to place the head on a donut 
or horseshoe w ith a roll placed under the ipsilateral shoulder for 
relief of strain. The head is turned approximately 60 degrees in the 
contralateral direction and the prior frontotemporoparietal scalp 
incision is exposed and prepared.

•  For cranioplasties that extend to the occipital 
region, it  may be necessary to “pin” the 
patient to optimize the surgical  eld.

Operative Procedure
Positioning Unilateral Craniectomy (Fig. 26.4)
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Figure Procedural Steps Pearls

Fig. 26.5 For bifrontal cranioplasties, the patient is 
positioned supine w ith the head in a neutral 
position on either a gel donut or three-point 
 xation.

•  For bilateral hemicraniectomies it  may be necessary to do one 
side at a time, reprepping and redraping in between.

Positioning for Bifrontal Craniectomy (Fig. 26.5)
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Figure Procedural Steps Pearls

Fig. 26.6 The incision is made w ith a no. 10 blade from the superoanterior 
frontal region  rst and opened in progressive fashion until the 
temporalis muscle is reached. The bone edge is palpated under 
the incision. If there is no bone edge, a straight clamp is used to 
separate the pericranium from the galea to provide protection 
from the knife blade w hen bone cannot be palpated underneath 
the incision. Care should be taken to open the scalp  ap separately 
from temporalis muscle.

The incision is made w ith a no. 10 blade from the sagittal suture 
dow n to the zygoma bilaterally.

•  Alternatively, one can open with a monopolar 
electrocautery with a needle tip cautery.

Skin Incision Unilateral (Fig. 26.6)
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Figure Procedural Steps Pearls

Fig. 26.7 The incision is opened in stages starting w ith the frontal, 
superior portion, and wrapping around to the temporalis, 
placing galeal clamps w hen this layer has been properly 
separated. The plane between the pericranium and galea 
is developed w ith sharp dissection (Metzenbaum scissors 
or no. 15 blade scalpel). The scalp layer can be properly 
re ected forward by developing the plane between the 
vascularized pericranium and the galea.

•  The galea–pericranial plane may also be developed 
with a no. 10 or no. 15 blade scalpel, or with 
monopolar electrocautery.

•  In cases where the pericranium was elevated with 
the scalp during the initial procedure, this layer is 
virtually unscarred and may be dissected bluntly, 
leaving the pericranium against the dura.

Subcutaneous Dissection (1) (Fig. 26.7)
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Subcutaneous Dissection (2) (Fig 26.8a, b)

a

Figure Procedural Steps

Fig. 26.8 Once the entire scalp  ap has been re ected it is retracted anteriorly 
w ith scalp hooks, 2-0 braided sutures, or skin clamps attached to rubber 
bands and clamps. This is demonstrated for (a) unilateral and (b) bifrontal 
openings. Hemostasis is meticulously achieved w ith mono- and bipolar 
cautery.
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b
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Dissecting the Temporalis Muscle (Fig. 26.9a–d)

a

b
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d

c

Figure Procedural Steps Pearls

Fig. 26.9 (a) The temporalis should be dissected from posterior bone 
edge w ith monopolar cautery and then re ected from the 
dural surface w ith the use of sharp dissection (b, c). (d) The 
temporalis is then retracted anteriorly w ith scalp hooks, 2-0 
braided nylon sutures, or skin clamps attached to rubber 
bands and clamps depicted here w ith the bifrontal approach.

•  If the bone  ap is replaced over functional muscle 
tissue, the patient may experience movement 
restriction and discomfort during mastication.

•  If signi cant muscle atrophy is present along 
with the risk of disrupting cerebral cortex, it  is 
advisable to abandon muscle transposition.
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Figure Procedural Steps Pearls

Fig. 26.10 A combination of monopolar cautery and curettes may 
be used to re ect all of the soft tissue o  of the bony 
edges to allow  for a tight  t.

Any lacerations of the dura should be closed 
primarily. If there is a large dural defect, one may use 
pericranium or a dural substitute to close it (depicted 
in the unilateral approach).

•  If there is protrusion of the brain through the defect during 
surgery it  can be controlled with head of bed elevation, 
mannitol, and/or mild hyperventilation.

•  If it  persists, one may pass a brain needle into the 
ventricles using anatomic landmarks or ultrasound 
guidance to allow for enough decompression to perform 
the cranioplasty.

Preparation of the Craniectomy Site (Fig. 26.10)
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Implant Types (Fig. 26.11a–f)

a

b

TH_Ullman_CH26.indd   436 3/19/15   9:18 PM



26 Techniques of Alloplast ic Cranioplast y

437

c

d
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e

f
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Implant Type Pros Cons

Fig. 26.11a Porous polyethylene High strength and stability
Radiolucent
Excellent cosmesis
Easily contoured
May be molded in the  eld
Easily  xated
Custom and anatomic options
Minimal surgical t ime for implantation

Price
Custom implants require advance 
planning, usually 3D CT imaging 
(but noncustom anatomic implants 
available)

Fig. 26.11b PEEK (polyetheretherketone) High strength and stability
Radiolucent
Excellent cosmesis
Easily contoured
Easily  xated
Minimal surgical t ime for implantation

Price
Custom implants require advance 
planning, usually 3D imaging
Can be contoured with a drill but not 
molded in the  eld

Fig. 26.11c Titanium plate High strength and stability
Excellent cosmesis
Minimal surgical time for implantation

Price
Custom implants require advance 
planning
Radiopaque with artifact on imaging
Cannot be contoured or molded in 
the  eld
May require special  xation set

Fig. 26.11d Titanium mesh High strength and stability
Easily contoured
Easily  xated

Radiopaque with artifact on imaging
More time spent contouring and 
plating in the surgical  eld.

Fig. 26.11e Hydroxyapatite cement 
compound

Osteoinductive
Radiolucent
Excellent cosmesis
Easily contoured
Easily  xated
Less surgical time for implantation than 
PMMA
No advance planning needed

Price
May require mesh for strength, 
stabilit y, and contouring in larger 
areas

Fig. 26.11f PMMA 
(polymethylmethacrylate)

Radiolucent
May be contoured in the  eld
No advance planning needed

Long surgical t ime for set up and 
contouring, hyperthermic reaction 
while solidifying requiring irrigation
May require mesh for strength, 
stability, and contouring in larger 
areas
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Repairing the Temporal Defect (Fig. 26.12)

Figure Procedural Steps

Fig. 26.12 Anatomic constructs may be placed atop a temporosphenoid defect to 
improve contour and minimize furrow ing of the temporal region.
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Temporalis Transposition (Fig. 26.13)

Figure Procedural Steps

Fig. 26.13 If preserved, the temporalis muscle is secured to the holes placed to 
re-create its “insertion” at the superior temporal line w ith 2-0 braided 
nylon sutures to complete its transposition.
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Special Considerations
The pat ient’s ow n bone  ap is the ideal m aterial for a cranio-
plasty; however, if the bone  ap is lost  to osteolysis or infect ion , 
autologous bone (split  th ickness or harvest  from  other par ts of 
the body) is less ideal because of donor site m orbidity and shap-
ing problem s. As such, in  these situat ions, an  alloplast ic cra-
nioplasty is an  appropriate solut ion . The t ype of cranioplast y 
m ost  often  depends on the surgeon’s preference and experi-
ence as well as costs and availabilit y. The m ost  frequently used 
cranioplast y m aterials are polym ethylm ethacrylate (PMMA), 
hydroxyapat ite, t itanium , polyethylenetherketone (PEEK), and 
porous polyethylene.

PMMA is the m ost  frequently used alloplast ic m aterial be-
cause of it s good biocom pat ibilit y and low  cost  and proven  ef-
 cacy in  the long term .4 Although it  can  be used at  the t im e 
of craniotomy for im m ediate single stage cranioplasty, the 
in t raoperat ive t im e and energy spent  contouring the m ate-
rial exceeds that  of other im plants. In  addit ion , it  is di cult  to 
obtain  a cosm et ic result  that  approxim ates that  of the custom  
im plants. Ut ilizing a custom  designed m esh w ith  the PMMA 
im plant  w ith  larger cranial defects m ay allow  for the opt i-
m al cosm et ic im plant  at  a lesser expense than  other custom  
im plants.5

Hydroxyapat ite (HA) is probably the m ost  frequently used 
ceram ic in  cranioplasty secondary to its h igh biocom pat ibilit y 
ar ising from  osteointegrat ion .6 It  sets up faster, is easier to con-
tour, and is isotherm ic—all bene ts over PMMA.7 However, in-
 am m atory react ions have been described in  the postoperat ive 
period. Furtherm ore, the costs of HA, especially if com bined 
w ith  a custom  m esh for larger im plants, m ay be exceed that  of 
custom  implants and thus be cost  prohibit ive.

PEEK8 and porous polyethylene9 are both  biocompat ible m a-
terials that  provide h igh st rength and radiolucency for post-
operat ive im aging. The use of custom  designed im plants for 
cranioplast y is increasing in  calvarial reconst ruct ion , due to 
the ease of use, st rength , and excellent  cosm et ic results. They 
can both  be contoured in  the surgical  eld and easily  xated. 
Furtherm ore, should a postoperat ive infect ion  occur, they m ay 
be rem oved and re-sterilized for later reimplantat ion . Porous 
polyethylene has the addit ional advantage of being able to be 

Closing
• Hydrogen peroxide m ay be used at  the surgeon’s discret ion  

for wound cleansing and hem ostasis.
• The wound is heavily irr igated w ith  saline w ith  or w ithout  

ant ibiot ics.
• A suct ion drainage device m ay be placed in the subgaleal plane.
• The posterior port ion  of the tem poralis m uscle is reapproxi-

m ated w ith  2-0 braided sutures.
• The scalp is approxim ated w ith  3-0 braided absorbable 

suture in  an  inver ted, in terrupted fashion.
• The skin  is closed w ith  3-0 nylon in  a vert ical m at t ress fashion 

or w ith  staples.

Postoperative Management
Monitoring
• It  is the authors’ pract ice to place the pat ient  in  a m onitored 

set t ing overnight in  the postoperat ive period to observe for 
seizure act ivit y or evidence of in t racranial bleeding.

Medication
• Phenytoin  or levet iracetam  is m aintained at  previously m en-

t ioned levels for a total of 7 days.
• It  is opt ional to give two to three doses of prophylact ic ant ibi-

ot ics in  the im m ediate postoperat ive period.

Radiographic Imaging
• A postoperat ive CT scan m ay be obtained to evaluate for sub-

dural collect ions or other hem orrhage.

Further Management
• Drains are rem oved the next postoperat ive day or sooner if 

they appear to be drain ing cerebrospinal  u id.
• Skin  sutures or staples are rem oved after 2 weeks.

Fig. 26.14 Three-dimensional CT rendering of preoperative 
soft tissue defect and axial CT image of porous polyethylene 
pterional implant (arrow).
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reshaped w ith  hot saline at  the t im e of surgery,10 and prem ade 
anatom ic contours, sheets, and blocks are available at  a de-
creased cost  com pared to custom  im plants.11

Custom  t itanium  im plants o er a good choice for cranioplasty 
based on their st rength , biocompat ibilit y, handling character-
ist ics, and suitabilit y for postoperat ive im aging techniques.12 
However, they are m ore di cult  to shape in  the  eld and m ay 
require special  xat ion  system s. In  addit ion , the t itanium  art i-
fact  m ay be subopt im al for the follow -up of m eningiom a and 
other tum ors.

Another considerat ion  after reconst ruct ing the calvarial de-
fect  is soft  t issue reconst ruct ion over the calvarium /alloplast ic 
cranioplasty. Often  w hen a decom pressive craniectomy has 
been perform ed, and the temporalis m uscle undergoes wast-
ing and is never restored to it s previous bulk, causing tempo-
ral hallow ing. Both  porous polyethylene pterional im plants 
(Fig. 26.14) and/or hydroxyapat ite cem ent  m ay be used to aug-
m ent the tem poralis and restore aesthet ics.7
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Introduction
External force directed to the anterior por t ion  of the forehead 
can result  in  injury to the frontal sinus. The frontal bone is the 
st rongest  com ponent  of the craniofacial skeleton and can w ith-
stand between 800 and 2200 lb of force before fracturing.1,2 The 
sinus is roughly pyram idal in  shape and often  divided by a m id-
line or param idline septum  of bone. The sinus is absent at  bir th , 
but begins to act ively pneum at ize between 7 and 8 years of age 
to reach an  adult  volum e after puberty. By their m echanism , 
m ost injuries produce posterior displacem ent  of the bone in to 
the frontal sinus, although bone at  the periphery of the injury 
can protrude outward. Depending on the force and direct ion  
of the injury, fractures can involve either the anterior table of 
the sinus, both  the anterior and poster ior tables, or solely the 
poster ior table.

Indications
• Surgical t reatm ent , if indicated, should be inst ituted w ith in  

the  rst  12 to 48 hours after the injury, depending on the 
overall health  of the pat ient . Early t reatm ent  reduces the in -
cidence of long-term  complicat ions.3,4

• With  respect to the anter ior table, depressed fractures that  
w ill produce not iceable deform ity after the resolut ion  of 
edem a or that  could potent ially result  in  m ucocele form at ion 
require repair. If there is no com puted tom ography (CT) evi-
dence of nasofrontal out  ow  t ract  obst ruct ion  (opaci ed si-
nus, associated anterior ethm oid com plex fracture, or frontal 
sinus  oor fracture), observat ion  m ay be recom m ended w ith  
less likelihood of future complicat ions developing.4

• With  respect  to the poster ior table, the presence of pneum o-
cephalus has been an  indicat ion  for repair by som e authors.5 
The pneum ocephalus represents com m unicat ion  between 
the ster ile m eningeal space and the external environm ent , 
w hich could lead to potent ially life-threatening in t racranial 
com plicat ions, such as m eningit is, encephalit is, and brain 

abscess. Som e authors elect  to closely observe pat ients w ith  
a poster ior table fracture and associated leakage of cerebro-
spinal  u id  (CSF) for a de ned period of t im e, such as 7 days.1

• For nondisplaced posterior table fractures, the m anagem ent  
is m ore controversial. Som e authors suggest  that  all poster ior 
table fractures should undergo explorat ion  and be exam ined 
directly via sinuscopy. Others t reat  these injuries w ith  close 
observat ion and explore if complicat ions develop.

• Persistent  rh inorrhea indicates leakage of cerebrospinal  u id 
due to injury to the dura that  has not healed w ith  observat ion  
alone and requires in tervent ion .

• Secondary correct ion  is indicated for wounds that  were ob-
served in  lieu of operat ive in tervent ion  and have healed w ith  
not iceable deform ity.

Preprocedure Considerations
Since the et iology is t raum a, and is often  of signi cant  force, a 
full t raum a workup should be perform ed. In it ial con rm at ion  
that  the airway is patent , the pat ient  is breath ing, and there is 
adequate circulat ion  is param ount . The m echanism  of frontal 
sinus fracture places the cervical spine at  r isk for injury. Careful 
physical exam inat ion  of the cervical spine as well as appropri-
ate im aging studies is indicated. Adequate plain   lm s should be 
obtained and CT added if the in it ial  lm s are either inadequate 
or inconclusive.

Radiographic Imaging
• CT is the gold standard im aging m odalit y for the craniom ax-

illofacial skeleton. Historically, plain   lm s were obtained, 
w hich were able to ident ify the presence of  uid in  the fron-
tal sinus, but  presented di culty w hen t rying to determ ine 
the presence of anter ior, posterior, or through-and-through 
injuries. CT scans are able to provide axial, coronal, and sagit-
tal im ages that  can  separately evaluate the anterior and pos-
ter ior aspects of the sinus (Figs. 27.1, 27.2, and 27.3).
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Fig. 27.3 CT demonstrating a fracture involving both the anterior and 
posterior tables of the frontal sinus.

Fig. 27.2 CT demonstrating an isolated fracture (arrow) of the posterior 
table of the frontal sinus. Note the presence of pneumocephalus.

Fig. 27.1 CT demonstrating an isolated fracture of the anterior table of 
the frontal sinus.
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Operative Procedure
Bicoronal Incision (Fig. 27.4)

Figure Procedural Steps

Fig. 27.4 A bicoronal incision several centimeters behind the hairline provides the best 
access for exposure of the anterior forehead and frontal sinus. The residual scar is 
inconspicuous if attempts to minimize alopecia are taken. Super cial electrocautery 
should be avoided. A stair-step incision is designed along the wound to break up the 
wound and prevent the hair, especially w hen wet, from falling all in one direction. 
A strip of hair over the area of the incision is shaved for exposure and to facilitate 
ultimate closure. The incision is in ltrated with 1% or 0.5% lidocaine w ith 1:100,000 
or 1:200,000 epinephrine, respectively. After prep and drape, the incision is made 
with a scalpel blade in the direction of the hair follicles. The deeper subcutaneous 
tissues may be divided with electrocautery dow n to the level of the periosteum.
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Subperiosteal Dissection (Fig. 27.5a, b)

a

b

Figure Procedural Steps

Fig. 27.5 (a) Dissection superior to the fractured area may proceed in either a subgaleal 
or subperiosteal plane. However, once the fracture fragments are encountered, 
dissection in a subperiosteal plane is required to mobilize and reduce the fracture 
fragments. If the entire supraorbital rim needs to be visualized, the supraorbital 
nerves may need to be taken out of their foramina. This does not need to be done if 
the nerves merely rest w ithin a notch. 

(b) To easily convert each foramen into a notch, a 2-mm osteotome is placed inside 
the medial and lateral aspects of the foramen and directed inferiorly. Once the 
nerves are free, the soft tissues on the orbital rim and roof can be dissected in a 
subperiosteal plane for exposure.
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Fragment Removal and Cataloguing (Fig. 27.6)

Figure Procedural Steps Pearls

Fig. 27.6 An elevating tool (Freer, bone hook, etc.) can be 
inserted between the fragments to reduce them into a 
more anatomic position or remove them for access to 
the sinus and posterior table.

•  If the fragments are loose and exposure of deeper 
structures is required, the fragments should be labeled 
and catalogued so that they may be replaced in the correct 
position and alignment.

TH_Ullman_CH27.indd   448 3/19/15   9:18 PM



27 Surgery for Frontal Sinus Injuries

449

Con rming Frontonasal Duct Patency (Fig. 27.7)

Figure Procedural Steps Pearls

Fig. 27.7 Placing a clean cotton swab in each of the nostrils and instilling a dilute 
solution of methylene blue in saline via a syringe and catheter into each 
of the ducts can rapidly con rm frontonasal duct patency. Transmission 
of dye dow n the ducts, into the nose at the anterosuperior aspect of the 
middle meatus, and onto the cotton swab indicates patency.
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Removal of the Posterior Table, if necessary (Fig. 27.8)

Figure Procedural Steps Pearls

Fig. 27.8 In the presence of pneumocephalus or displacement 
of the posterior table fracture fragments, the entire 
posterior table can be removed, allow ing the sinus to 
be “cranialized” (see Fig 27.10). 

•  The bone fragments removed from the posterior table can 
then be used for autogenous graft material to plug the 
frontonasal ducts. Alloplastic material should be avoided. 
When possible, dural breaches should be repaired either 
primarily or with a dural patch.
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Burring the Sinus Mucosa (Fig. 27.9)

Figure Procedural Steps

Fig. 27.9 The sinus mucosa does not stretch  at against the wall of the sinus but 
rather follow s small invaginations across the surface. Therefore, adequate 
removal of the mucosa requires obliteration of the super cial depressions 
in the bone w ith a power bur. Every surface and facet of the sinus should 
be debrided to remove the mucosa.
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Packing the Frontonasal Ducts (Fig. 27.10)

Figure Procedural Steps

Fig. 27.10 If the posterior table is removed and the sinus allowed to cranialize, the 
frontonasal ducts must be obliterated to avoid an ascending infection 
from the nonsterile respiratory tract. Plugging of the ducts has been 
described using muscle, fat, or alloplastic material. However, morselized 
bone graft from the remnants of the posterior table provides excellent 
graft material. The bone is crushed w ith a rongeur on a back table and 
packed into the ducts.
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Elevation and Rotation of Pericranial Flap (Fig. 27.11a, b)

Figure Procedural Steps

Fig. 27.11 (a) A  ap of pericranial tissue provides further separation of the nasal mucosa and 
meningeal space. The  ap is harvested from the deep surface of the bicoronal  ap 
and based inferiorly along the supraorbital rim.

(b) The pericranium should be elevated as large as possible to w rap over the 
inferior aspect of bone and dow n into the anterior fossa. It can be incised with the 
electrocautery and dissected free w ith a scissors.

a b
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Application of Fibrin Sealant (Fig. 27.12)

Figure Procedural Steps

Fig. 27.12 Final separation is achieved w ith  brin sealant placed over the 
pericranial  ap.
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Replacement of Cranial Bone Flap Components (Fig. 27.13)

Figure Procedural Steps Pearls

Fig. 27.13 The anterior table fracture fragments can be reconstituted on 
a back table with plates and screw s made of either titanium or 
resorbable material. The entire construct is then replaced over the 
forehead and  xated in the same manner.

•  Low pro le plates are preferable since the 
bone is not weight bearing and any super cial 
irregularit y may be noticeable.
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Special Considerations
Persistent  leakage of  u id from  the nose m ust  be evaluated 
for CSF. Ant ibiot ic prophylaxis is controversial in  frontal si-
nus t raum a. One recent ret rospect ive study by Devaiah  et  al 
showed no bene t  w ith  respect  to the rate of postoperat ive 
infect ions w ith  addit ional ant ibiot ics, but  suggested that  ant i-
biot ic usage m ay be warranted in  the presence of severe facial 
t raum a and m ult iple open fractures.3,6 Although signi cant  
brain  injury m ay accom pany frontal sinus injuries, the use of 
steroids is not   recom m ended to reduce in t racranial pressure, 
and, in  fact , is contraindicated.7 Although an  em erging tech-
nique, the role of endoscopic repair has been lim ited to con-
touring of m inim ally displaced anterior table fractures.1,8
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Closing
Cranial Incision
• The wound is irr igated w ith  copious warm  norm al saline 

w ith  or w ithout ant ibiot ics.
• A  at  suct ion  drain  is placed across the ver tex of the skull.
• The scalp is closed in  layers. Depending on the age of the pa-

t ient , the galea is reapproxim ated w ith  in terrupted 3-0 ab-
sorbable sutures.

• The skin is closed w ith  running locked 4-0 plain  gut  sutures 
or alternat ive techniques, such as staples.

• A dressing consist ing of pet roleum  gauze, individual dry 
gauze, and a head w rap is applied.

Postoperative Management
The pat ient  is kept  in  the hospital unt il awake and aler t . The 
drain  is kept  to self-suct ion  and the output followed for quan-
t it y and color. If it  is noted to be too sanguineous, the scalp 
should be carefully inspected for evidence of hem atom a and a 
serum  hem atocrit  checked. Evidence of ongoing bleeding war-
rants return  to the operat ing room  for evacuat ion  and hem osta-
sis. When drainage is m inim al, it  m ay be rem oved.

Radiographic Imaging
• Postoperat ive im aging w ith  CT can be obtained at  the discre-

t ion  of the surgeon.
• Pat ien ts should be followed closely in  the early postopera-

t ive period for the developm ent  of m en ingit is, encephalit is, 
brain  abscess, osteomyelit is of the fron tal bone, nonunion , 
cavernous sinus th rom bosis, CSF leak, m ucopyocele, and 
m eningoencephalocele.

• Mucoceles have an  insidious course over m any years, war-
rant ing long-term  follow-up w ith  im aging.1,4
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and the presence of hydrocephalus. While there is Class III 
evidence for use of lum bar drains w ith  a concurrent  EVD and 
open cisterns on CT, it  has not  been the pract ice of the au-
thors to use such devices because of concern  of herniat ion .

• Operative treatm ent of depressed skull fractures. Not  all 
closed, depressed fractures require surgery. Minor depres-
sions often  w ill rem old over t im e, especially in  the young 
child. Indicat ions for operat ive repair include depressed frac-
tures associated w ith  signi cant  m ass e ect—w ith  or w ith-
out  subadjacent  hem atom a; compound, depressed fractures; 
and fractures in  cosm et ically im portant  areas.

• Craniotom y/craniectom y for extra- or intra-axial hem a-
tom as. The indicat ions for evacuat ion  of in t racran ial hem a-
tom as conform  largely to the corresponding pr incip les in  
adult  t raum a. Hem atom as associated  w ith  sign i can t  m ass 
e ect  are rem oved. Contusions are m ost  su itable for rem oval 
if—in  addit ion  to dem onst rat ing m ass e ect—they are dis-
crete and close to the cor t ical surface. Hem atom as of the 
tem poral lobe and poster ior fossa presen t  the greatest  r isk 
for sign i can t  m ass e ect .

• Decom pressive craniectomy. The indicat ions for decom -
pressive craniectomy are sim ilar to those in  adults. The ex-
pectat ion  of clin ical bene t  from  the procedure, however, 
m ay be greater in  children  than in  adults. Craniectomy, if 
contemplated, should be perform ed early rather than late—as 
a second t ier therapy in  the m anagem ent  of increased ICP re-
fractory to m edical t reatm ent .

• Cranioplasty. Delayed cranioplast y m ay be necessary to re-
place the bone  ap after decompressive craniectomy or to 
address other t raum a-related cranial defects.

• Repair of grow ing skull fractures. A grow ing skull fracture, 
or leptom eningeal cyst , is a potent ial complicat ion  of skull 
fractures in  young children . Leptom eningeal cysts usually 
star t  to develop w ith in  a few  m onths of the injury. Pulsat ion  
of the brain  against  an  unrecognized dural tear—w ith  in ter-
posit ion  of t issue between the edges of the fracture—leads 
to progressive w idening of the fracture and increasing size 
of the dural defect . The diagnosis becom es clin ically evident  
as a progressively enlarging, pulsat ile m ass in  the region of 
the previous fracture. Surveillance is warranted for all young 
children  w ith  skull fractures. Clin ical follow-up at  2–4 weeks 
post-injury, w ith  or w ithout  fur ther radiographic im aging, is 
indicated to assess for persistent  or increasing swelling in  the 
region of the fracture. If a grow ing fracture is diagnosed, it  
requires operat ive repair.

Introduction
Children  and adults are physiologically di erent . Even w ith in  
the pediat ric populat ion , there is a w ide range of physiological 
norm at ive values across the age spect rum . This is perhaps m ost 
relevant  in  the neurosurgical set t ing for the m anagem ent  of in -
t racranial pressure (ICP) and blood pressure. Pathophysiology 
after t raum at ic brain  injury (TBI) is also di erent  in  children . 
Di use brain  injury is m ore com m on. Focal injury and extra-
axial hem atom as are less com m on. There also are di erences in  
the pressure–volum e relat ionships w ith in  the skull, m etabolic 
responses to injury, and cerebral hem odynam ics—all of w hich 
have clin ical im plicat ions for t reatm ent . Fur therm ore, the tech-
nical aspects of operat ive m anagem ent in  the pediat ric popu-
lat ion—w ith  regard to anesthet ic control, operat ive planning, 
and t issue handling—require special considerat ion . Although it  
is beyond the scope of th is chapter to cover all the details of 
every speci c em ergency operat ion  perform ed in  children , key 
principles com m on to the m ost  im portant  of these procedures 
are addressed.

Indications
• Insertion of parenchym al m onitors (ICP, brain  oxygen, m i-

crodialysis, etc.). It  is the authors’ pract ice to place (at  m ini-
m um ) an  ICP m onitor for all pat ients w ho require vent ilat ion  
after TBI and w ho have an  abnorm al head com puted tom og-
raphy (CT) scan. Invasive m onitoring m ay also be considered 
for pat ients w ith  di use injuries, as a norm al CT does not pre-
clude a pat ient  from  potent ially having in t racranial hyper-
tension. In t racranial m onitoring also m ay be considered for 
pat ients w ith  other acute neurologic pathologies that  result  
in  com a and that  m ay be associated w ith  brain  swelling and 
brain  ischem ia. Open sutures and fontanels in  young children  
should not discourage m onitoring, as these pat ients rem ain  
at  r isk for increased ICP.

• Insertion of ventricular drainage catheters. External ven-
t r icular drain  (EVD) placem ent  enables accurate m onitoring 
of ICP and allows for therapeut ic drainage of cerebrospinal 
 u id (CSF) in  the set t ing of increased ICP. Appropriate indica-
t ions for EVD placem ent include a need for ICP m onitoring 
in  pat ients w ith  severe TBI (Glasgow  Com a Scale [GCS]   8) 
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X-ray
• Plain  skull radiographs are obtained only on rare occasion. 

A norm al skull radiograph does not  exclude an  in t racranial 
injury, and a skull fracture detected on radiographs does not  
necessarily indicate an  associated in t racranial hem atom a; 
therefore, skull radiographs do not change the indicat ion  for 
head CT. Plain  radiographs m ay have a role in  the follow -up 
of fractures in  young children  and as part  of the bone survey 
in  the set t ing suspected nonaccidental injury.

• Plain radiographs of the cervical spine are st ill used rout inely 
for severe TBI pat ients, w ith the addit ion of MRI if ligam entous 
injury or SCIWORA is suspected. Even in  absence of suspected 
SCIWORA though, it  is recom m ended to pract ice basic spinal 
caut ionary m easures and keep the head in  the m idline posi-
t ion for children w ho have a depressed level of consciousness.

• Preoperat ive im aging (Fig. 28.1a, b).

Anesthetic Considerations in 
Children
• It  is essent ial that  the anesthesiology team  have both  pediat-

r ic and polyt raum a experience. Secondary insults cont ribute 
substant ially to worse outcom e and so should be aggressively 
avoided.

• Inadequate m anagem ent  of the respiratory and circulatory 
system s m ay lead to secondary insults such as hypoxia and 
hypotension. Brain  swelling m ay be exacerbated by hypo- or 
hypertension, hypercarbia, and inadequate pain  cont rol.

• The endot racheal tube m ust  be fastened securely, part icu-
larly if the child’s head is to be turned. Loss of the airway is 
of greater consequence in  children  because they deteriorate 
rapidly. The TBI pat ient , in  part icular, has a reduced capacit y 
to tolerate hypoxic insults. Hypocarbia m ay exacerbate the 

Preprocedure Considerations
Radiographic Imaging
CT
• CT scans of the head (6  cervical spine) should be acquired 

as soon as the child is hem odynam ically stable. Abdom inal 
or thoracic CT can be perform ed at  the sam e t im e for poly-
t raum a pat ients if there is a clin ical indicat ion . Rout ine use of 
body scans is not  advocated for several reasons, including the 
increased dose of radiat ion .

• Open subarachnoid cisterns on  a head CT do not indicate 
norm al ICP.

• Part icular at tent ion  should be paid to the posterior fossa on  
head CT. It  is easy to m iss hem atom as here, and the conse-
quences m ay be severe, given the relat ively com pact  size and 
important  anatom ical content  of the compartm ent . Brain-
stem  com pression and hydrocephalus are com m on com plica-
t ions. Such hem atom as are often  associated w ith  a fracture in  
the occipital or suboccipital region and m ay occur in  conjunc-
t ion  w ith  a venous sinus injury.

• The lowest  axial cuts should be reviewed for evidence of an  
ext ra-axial hem atom a ventral to the lower brainstem . Hem a-
tom a in  th is locat ion  m ay be a m arker for clival fracture and/
or a ligam entous injury at  the craniocervical junct ion.

MRI
• Magnet ic resonance im aging (MRI) of the brain  is rarely in-

dicated in  the set t ing of acute t raum a, w ith  the except ion of 
studies perform ed to exclude associated spinal or craniocer-
vical injuries.

• Suspicion of SCIWORA (spinal cord injury w ithout radio-
graphic abnorm alit y) requires an  MRI of the spine.

Fig. 28.1a, b Axial CT (a) bone and (b) soft tissue windows demonstrating a bony defect with protrusion of meninges. This patient fell from a bed, 
striking his head on the concrete  oor, and presented approximately 8 months later with a tender, pulsatile postauricular mass.

a b
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Operative Management
An exhaust ive descript ion  of the full range of em ergency pro-
cedures perform ed in  pediat r ic pat ients present ing w ith  TBI 
would exceed the scope of th is publicat ion . Therefore, we re-
view  som e basic principles that  dist inguish  the surgical ap -
proach to pediat r ic pat ients and o er operat ive pearls relevant  
to speci c procedures. Finally, we provide m ore detailed guid-
ance regarding the repair of grow ing skull fractures—an ent it y 
that  is unique to the pediat ric populat ion .

General Surgical Principles
• Take care w hen incising skin  overlying open fontanels and 

sutures.
• Cont rol bleeding from  the scalp  ap early w ith  the applica-

t ion  of scalp clips. Cont inued ooze during the operat ion  can 
lead to signi cant  blood loss in  young children . Once the 
scalp  ap has been turned, rem em ber to check in term it tent ly 
that  the  ap rem ains dry throughout the operat ion .

• The skin  and scalp of young children  is th inner than in  adults. 
Treat  the t issues gently and do not crush  them  between 
pick-ups. Avoid acute bends in  the re ected scalp  ap as th is 
m ay cut  o  its blood supply. This poses a greater r isk than in  
adults because the scalp  ap is th inner and the blood pres-
sure is lower.

• The dura is often  adherent w here cranial su tures are st ill 
open. Use a dissector to separate the dura from  the bone care-
fully and thoroughly beneath suture lines.

ICP and Other Parenchymal Brain  
Monitors
• ICP and other invasive probes (e.g., brain  t issue oxygen) m ay 

be in t roduced via single or double lum en bolts or inserted 
via a sm all bur hole and tunnelled to exit  the skin . Bolt  sys-
tem s can be used even in  very young children; m easure the 
th ickness of the skull from  the head CT and plan  inser t ion  
accordingly.

• Unless there is a compelling reason to do otherw ise, m onitors 
are placed in  the frontal region on the nondom inant  side.

• For probes that  require accurate placem ent in  w hite m at ter 
(e.g., brain  oxygen m onitors), m easurem ents can be m ade 
from  the head CT. In  pract ice, placem ent  of the probe t ip  
2.5 cm  beneath  the cort ical surface is usually adequate.

• Considerat ion  should be given to the locat ion  of any invasive 
probes (and the scalp incision used) relat ive to the possibilit y 
that  the child m ay need further surgery.

External Ventricular Drains
• Typically, an  EVD is placed in  a standard frontal locat ion  on 

the nondom inant  side, through a precoronal bur hole in  the 
m idpupillary line.

• The catheter is passed w ith  a t rajectory that  is angled toward 
the ipsilateral inner canthus in  the coronal plane and just  an-
terior to the ipsilateral external auditory m eatus in  the sagit-
tal plane.

decreased cerebral blood  ow  often  seen early after TBI, and 
hypercarbia m ay increase cerebral blood volum e and, conse-
quently, ICP.

• Induct ion  of anesthesia m ust  be sm ooth; coughing or buck-
ing m ay have fatal consequences in  pat ients w ho already 
have life-threatening increased ICP.

• Often , anesthesiologists are accustom ed to m aintain ing pa-
t ients at  blood pressures in  the lower range of norm al dur-
ing elect ive surgery. This pract ice m ay be hazardous w hen 
m anaging the TBI child at  r isk of early brain  ischem ia. Also, 
impairm ent  of pressure autoregulat ion  m ay result  in  reduced 
capacity to accom m odate a blood pressure in  the lower range 
of norm al. Large bore in t ravenous access allows adequate 
response to hem odynam ic instabilit y, especially w hen there 
m ay be occult  abdom inal or thoracic injury.

• To est im ate w hat blood pressure is adequate, the anesthesiolo-
gist m ust have access to charts for norm al m ean arterial pres-
sure ranges for age (and, preferably, height and gender as well).

• If a craniotomy or craniectomy is planned, ensure that  blood 
is cross-m atched for possible t ransfusion, especially in  the 
very young. The circulat ing blood volum e of a child is only 
70–85 m L/kg depending on age, so relat ively sm all volum es 
of blood loss in  these pat ients m ay rapidly lead to hem ody-
nam ic instabilit y.

• Placem ent  of cent ral venous and ar ter ial lines is recom m end-
ed for severe TBI pat ients, not  only for adequate in t raopera-
t ive hem odynam ic cont rol, but  also to facilitate in tensive care 
unit  m anagem ent  thereafter.

• If m annitol is required in t raoperat ively to assist  the reduc-
t ion  of brain  swelling, the anesthesiologist  m ust  ensure that  
the pat ient  rem ains euvolem ic throughout and that  there is 
an  adequate response to the m annitol infusion by m onitoring 
urine output .

• Do not  use hypotonic or glucose-contain ing  u ids.

Operative Field Preparation
• The child is posit ioned according to the type of procedure 

planned. If the spine has not been cleared, pay careful at tention  
to protect ing the cervical spine w hile posit ioning for surgery.

• Ant istaphylococcal ant ibiot ics are given rout inely at  the t im e 
of skin  incision.

• The head of the operat ive table is slight ly elevated to prom ote 
venous return .

• Blood pressure should be well m aintained throughout sur-
gery. At  no t im e should the blood pressure be allowed to drop.

• If brain  swelling and increased ICP are suspected, a dose of 
m annitol can  be given just  after induct ion.

• Ensure that  the planned skin   ap allows adequate access for 
the pathology concerned. As a general principle of t raum a 
surgery, a w ider exposure is preferred.

• Prepare the skin  w idely to allow  for an  increase in  the expo-
sure should th is becom e necessary during the operat ion .

• The planned skin  incision is in  lt rated w ith  0.25% local anes-
thet ic and epinephrine 1:400,000.

• Drape and posit ion  the pat ient  so that  the anesthesiologist  
has adequate access to the airway.

• The surgeon should have a clear view  of the anesthesiology 
m onitors during the operat ion .
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• Epidural hem atom as overlying a venous sinus present a 
par t icular hazard in  children  due to the potent ial for rapid 
blood loss in  the set t ing of an  already sm all total blood vol-
um e. If the hem atom a m ust be evacuated, prepare for blood 
loss from  the sinus and m onitor for possible air em boli. Plan  
a skin  and bone  ap that  allows for adequate exposure and 
control of the sinus both  proxim ally and distally. If a sinus 
tear is ident i ed, th is m ust  be controlled w ith  im m ediate 
pressure over the sinus to stem  bleeding, surveillance for 
air em boli, and repair of the sinus using a pericranial patch  
graft . If bleeding is too vigorous to allow  adequate visualiza-
t ion , m aintain  pressure over the tear and temporarily control 
the sinus proxim ally and distally to enable suturing of the 
patch . Maintain  a patent  sinus to prevent addit ional venous 
engorgem ent of the brain .

Surgery for Depressed Fractures
• The principles of depressed fracture m anagem ent  in  children  

are sim ilar to those of adults, w ith  a few  except ions.
• If the depressed fracture is closed, the skin  incision  is planned 

based on the locat ion  of the depressed fragm ent , blood sup -
ply to the  ap, and cosm esis. If the fracture is compound, 
the wound m ust  be debrided and extended in  a curvilinear, 
S-shape to expose the extent of the fracture.

• Bone is m uch th inner and softer in  children . Often  a ping-
pong type fracture can be elevated by drilling a bur hole to 
the side of the fracture and by posit ioning a slight ly angled 
inst rum ent  (e.g., a no. 3 Pen eld or sm all periosteal elevator) 
through the bur hole, elevat ing the fracture from  inside.

• If the dura is torn, a bur hole should be placed at  the m argin  
of the depressed fracture—over in tact  dura. Then the crani-
ectomy, or craniotomy, can  be perform ed to uncover the area 
of dural violat ion . The dural tear is sutured, and bone frag-
m ents, if clean , m ay be laid over the defect .

• Bony defects in  children  usually heal very well w ith  new  
bone grow th , as long as the dura is in tact . Larger lesions m ay 
require later cranioplast y if adequate rem odeling does not  
occur and the result  is a signi cant  cosm et ic and/or func-
t ional defect . The use of autologous bone is opt im al. The 
best  bone is split  calvarial bone, preferably taken from  the 
corresponding locat ion  on the opposite side. The harvested 
bone can be split  through the diploic space, creat ing two 
pieces: one for the defect  and the other to be replaced at  the 
donor site. In  young children , th is m ay not  be possible. Rib 
graft  or cranioplast ic m aterial—resorbable or nonresorbable, 
prefabricated or not  (i.e., m ethylm ethacrylate)—m ay also 
be considered.

• Dural defects m ust  always be repaired to avoid the potent ial 
complicat ions of a CSF leak and/or a grow ing skull fracture.

• Devitalized skin  m ust  be debr ided and the wound thorough -
ly ir r igated . If the skin  cannot  be closed prim arily, the help 
of a p last ic surgeon  m ay be valuable to p lan  a rotated  skin  
 ap .

Decompressive Craniectomy
• Several di erent approaches have been described for decom -

pressive craniectomy (DC). The follow ing re ects a com bina-
t ion  of general principles and personal pract ice.

• The catheter should be passed slowly, ant icipat ing the tact ile 
feedback w hen the ependym a of the ventricle is penetrated.

• If the ventricle is not  entered w ith  the  rst  pass, a slight ly 
m ore m edial t rajectory m ay be at tem pted.

• No m ore than three passes should be at tem pted.
• TBI-related brain  swelling in  children  m ay result  in  com -

pression of the lateral vent ricle; however, w ith  experience, 
the ventr icle st ill can  be cannulated in  m ost  cases. If neuro-
navigat ion  is available, in t roduct ion  of the navigat ion  probe 
through the lum en of the ventricular catheter m ay assist  
accurate placem ent  in  di cult  cases.

• Ant ibiot ic-im pregnated catheters and periprocedural an-
t ibiot ics are opt ions that  m ay reduce the incidence of 
ventr iculostom y-related infect ions.

Craniotomy
• The skin  incision should be planned based on the locat ion  of 

the lesion.
• Typically, for a unilateral lesion, an  ipsilateral quest ion  m ark 

or T-shaped incision is perform ed to enable w ide access to 
the hem isphere.

• In  general, aim  for as large a  ap as possible. The base of the 
skin   ap should be broad enough to ensure adequate perfu-
sion  to the skin .

• When the  ap is turned, w rap and tuck an  ant ibiot ic-soaked 
swab or cot ton  sponge beneath  the  ap to prevent  the cre-
at ion  of an  acute angle that  m ight comprom ise perfusion 
to the  ap. This m ay be a par t icular problem  in  very young 
children . In term it tent ly m oisten  the sponge during the 
procedure.

• Dissect  the  ap in  a subgaleal plane to prepare a free bone 
 ap. Preserve the pericranium  as th is can  be used later for a 
dural graft  if needed.

• The extent of the bony opening is planned according to the 
underlying lesion. If there is generalized swelling, the bone 
should be rem oved dow n to the tem poral base to m axim ize 
the space achieved at  the level of the tentorial hiatus.

• If dural opening is necessary to evacuate a hem atom a, a cru-
ciate incision is perform ed over the hem isphere. Any subdu-
ral hem atom a then m ay be evacuated.

• If evacuat ion  of a contusion is planned, careful preopera-
t ive planning or neuronavigat ion  is required to opt im ize the 
 locat ion  of the cort icectomy. Often  a subdural hem atom a is 
associated w ith  a “burst” lobe in  w hich the contusion can 
be ident i ed at  the surface. A discrete hem atom a can be 
evacuated aggressively. A contusion m ixed w ith  brain  t issue 
should be handled w ith  greater caut ion , depending on sev-
eral  factors, including the eloquence of the involved brain  and 
the degree of brain  swelling. The conservat ive approach of 
 allow ing the contusion/hem atom a to decompress it self m ay 
be all that  is required.

• If the brain  is swollen , the dura should be expanded w ith  a 
dural graft  harvested from  local pericranium . Use nonabsorb-
able sutures and close the dura in  a watert ight  fashion.

• The decision of w hether to replace the bone  ap depends on 
the preoperat ive im aging, in t raoperat ive  ndings, and ant ici-
pated postoperat ive risk for ongoing increased ICP. If the bone 
 ap is left  out , it  should be m anaged as below  for decom pres-
sive craniectomy.
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of the brain . When doing th is, take care to preserve cort ical 
veins, especially bridging veins leading to the sagit tal sinus. 
The harvested pericranial graft  is used to expand the dura.

• Regardless of approach, it  is of utm ost importance that  the 
dura not be opened abruptly if tense to the touch. Otherw ise, 
m assive brain  swelling m ay produce rapid, uncontrolled her-
n iat ion  of the brain  through the dural opening w ith  resultant  
compression  of super cial drain ing veins and progressive en-
gorgem ent of the ent rapped brain. Although, by de n it ion , 
the pat ient  is in  surgery for refractory in t racranial hyper ten-
sion , it  is nearly always possible to control the swelling for the 
short  period of t im e it  takes to open the dura and secure the 
graft  in  place. The surgeon m ust work w ith  the anesthesiolo-
gist  to m axim ize brain  relaxat ion  by the t im e of dural open-
ing. Potent ial in tervent ions include controlling blood pres-
sure, adm inister ing m annitol and/or hypertonic saline at  the 
t im e of skin  incision, elevat ing the head of the bed, and low -
ering the ar terial CO2 (w hile increasing the FiO2). The pericra-
nial graft  m ust  be prepared prior to the dural opening. When 
pressure m anagem ent  has been opt im ized, the dura should 
be opened quickly and the graft  incorporated w ith  suture.

Repair of Growing Skull Fractures (Lep-
tomeningeal Cyst)
• Though not requiring em ergent  in tervent ion, grow ing skull 

fractures do represent a late consequence of t raum a and, as 
such, deserve m ent ion  here.

• Opt im al t reatm ent of a grow ing skull fracture requires un-
derstanding of the pathology (see Indicat ions).

• The dura is always torn; th is tear w idens w ith  t im e as the 
bone edges separate. Usually the dural edges ret ract  well be-
yond the bone edge so that  the dural defect  is larger than the 
bony defect .

• The a ected pat ients are young, so there m ust be adequate 
preparat ion  for blood loss. Do not  underest im ate the poten-
t ial for blood loss in  these operat ions.

• The m ost  important  surgical pr inciples of DC are: select  a 
unilateral or bilateral approach as appropriate, m ake the cra-
niectomy as large as possible, and control the brain  swelling 
before opening the dura.

• The choice of a bifrontal or hem icraniectomy depends both  
on personal preference and the nature of the injury. Pre-
dom inantly unilateral hem ispheric injury m ay be bet ter 
suited to hem icraniectom y, w hereas di use injury or fron-
tal contusions m ay be bet ter suited to bifrontal craniectomy. 
Though the speci cs of each technique di er, the principles 
of decom pression are the sam e.

• Duraplasty increases the com plicat ions associated w ith  cra-
niectomy; however, opening and expanding the dura leads 
to substant ially lower ICP, and com plicat ions are generally 
avoidable if done correctly.

• The hem icraniectomy is perform ed sim ilar to the  hem ispheric 
craniotomy. Maxim izing the bony opening helps m inim ize 
the degree to w hich the swollen  brain  pushes against  the 
bony lim its. Pressure at  the bony edges m ay further injure 
the swollen  brain  and const r ict  venous out  ow  of that  seg-
m ent . The tem poral bone is rem oved as low  as possible dow n 
to the base to m axim ize the decom pression at  the level of the 
tentorial incisura. The dura is opened and expanded w ith  a 
large pericranial graft , the edges of w hich can be sutured so 
that  they lie w ith in  the dural edge, to m inim ize the r isk of the 
sharp dural edge cut t ing in to the swollen  brain .

• The bifrontal craniectomy is perform ed through a bicoronal 
skin  incision , posit ioned behind the hairline. The scalp is 
re ected anteriorly, preserving the pericranium  for a dural 
graft . Keyhole and param edian  bur holes lateral to the sagit-
tal sinus are used to create a large bifrontal, single-piece bone 
 ap extending posteriorly to the coronal suture. Pay part icu-
lar at tent ion  w hen separat ing the dura from  the bone, espe-
cially over the m idline, to avoid injury to the sagit tal sinus 
and it s br idging veins. The dura is incised in  a U-shape from  
lateral to m edial. The m idline sagit tal sinus is t ied o  at  the 
frontal base and the falx is sect ioned from  anterior to pos-
terior along the skull base to allow  for m axim al expansion 
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Operative Procedure
Repair of Grow ing Skull Fractures
Positioning (Fig. 28.2)

Figure Procedural Steps

Fig. 28.2 Positioning w ill be dictated by the anticipated need for anatomic access.
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Incision (Fig. 28.3)

Figure Procedural Steps Pearls

Fig. 28.3 A curvilinear, S-shaped, or U-shaped incision is made 
to access the cranial defect.

•  The extent of necessary exposure is planned from the CT 
head  ndings and palpation of the edges of the defect.
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Subcutaneous Dissection (Fig. 28.4a, b)

a

b

Figure Procedural Steps

Fig. 28.4 (a) Subgaleal dissection of the scalp  ap is used to expose the full extent 
of the defect. (b) The periosteum is incised, follow ing the edges of the 
cranial defect. The periosteum is re ected inward, toward the defect. 
Using a sharp periosteal dissector, the periosteum–dura junction is freed 
circumferentially from the edges of the bone margin.
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Craniotomy (Fig. 28.5a, b)

Figure Procedural Steps Pearls

Fig. 28.5 (a) Several bur holes are placed at the periphery of the bony 
defect, overlying normal dura. The exact position of the bur 
holes in relation to the defect depends on the anticipated dural 
retraction beneath the bone edges. Typically, larger lesions 
are associated w ith greater retraction of the dura beneath the 
bone edges. Preserve the periosteum overlying the bone to use 
as a dural graft.

(b) A dissector is introduced through each bur hole and used to 
separate the dura from the overlying bone. A craniotome then 
is used to connect the bur holes, creating a “ring” bone  ap 
(including the defect) that, in turn, is elevated away from the 
underlying dura.

•  The margin should be several centimeters 
from the edge of the bony defect or 
approximately 50% of the width of the defect, 
to create a bone  ap that can be used to cover 
the defect.

•  Prior MRI may give the surgeon an 
approximation of this distance; however, often 
it  is the surgeon’s judgment based on the size 
of the defect.

•  The dural edges are adherent to the 
underlying gliotic brain and must be separated 
from it  circumferentially.

a

b
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Closure of the Dural Defect (Fig. 28.6)

Figure Procedural Steps Pearls

Fig. 28.6 A periosteal graft from normal bone is harvested to close the dural 
defect. The graft is incorporated circumferentially w ith 4-0 braided 
nylon stitches.
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Repair of the Bony Defect (Fig. 28.7a, b)

a

b

Figure Procedural Steps Pearls

Fig. 28.7 (a) The harvested bone  ap can be divided into two halves. If possible, each 
half then can be split w ith an osteotome (though the diploic space) into 
inner and outer tables, yielding a total of four pieces that may be used to 
cover the defect. (b) The bone graft is secured to the surrounding bone 
using resorbable or permanent mini plates. If the bone can be secured with 
sutures, this is preferable. Alternatively, mini plates are used.

•  If the dural defect has been closed 
adequately, any residual bony 
defect will usually close over time.
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was perform ed very early after t raum a (e.g., w ith in  the  rst  
2 hours), repeat  im aging m ay be indicated to detect  hem a-
tom as that  were not  dem onst rated in it ially. When there is a 
hem atom a on  the in it ial scan  that  is t reated nonoperat ively, 
repeat  im aging m ay be necessary to ensure that  the hem a-
tom a has not  en larged. For lesions w ith  m ass e ect  in  the 
poster ior fossa, repeat  im aging m ay be required to exclude 
the developm ent  of hydrocephalus. Also, if the pat ien t  is 
m anaged w ithout  in t racranial m onitoring, there is a lower 
threshold for repeat ing im aging.

• A planned follow-up head CT m ay be considered to look for opti-
mal position of intracranial monitors, evolution of hem atomas/
contusions, and brain swelling. At our institution, this is done 
24–48 hours after admission, depending on stability of the intra-
cranial variables and nature of the initial scan. Decisions are indi-
vidualized; however, in general, earlier scans are indicated when 
there is greater concern about the initial im aging  ndings and 
when there are signi cant perturbations in ICP or brain oxygen.

• Postoperat ive im aging (Fig. 28.8).

Further Management
• Concerns about  ongoing injury to the unprotected brain  have 

driven the t rend toward early replacem ent of bone  aps af-
ter craniectomy. Reim plantat ion  m ay be appropriate w ith in  
4 weeks of the in it ial surgery, provided the brain  swelling has 
subsided, the wound is healed, and the pat ient  is free of in -
fect ion . However, the t im ing of reim plantat ion  should not  be 
accelerated if condit ions are subopt im al, as bone  ap sepsis 
can  create substant ial problem s.

• The bone m ust  not be autoclaved. It  is rem oved from  sealed 
bags and allowed to soak in  a diluted solut ion  of betadine at  
the star t  of surgery.

• The pat ient’s bone is always preferred to ar t i cial subst itutes, 
not  only because of the bet ter  t  but  also because addit ional 
grow th of the skull is expected in  younger children .

• Very young children  m ay be at  increased risk for bone  ap 
resorpt ion  problem s.

Closing
• If the bone is replaced, it  is secured w ith  absorbable or non-

absorbable plates and screws. The size of the screws should 
be m atched to the th ickness of the bone. Long screws risk 
perforat ion  of the dura. On the other hand, screws m ust be of 
a su  cient  length  to achieve adequate bony purchase.

• If the bone is left  out , it  should be handled and processed for 
freezing in  accordance w ith  the inst itu t ion’s bone bank pro-
tocol. Alternat ively, the bone can be placed in  a subcutaneous 
abdom inal pocket . The follow ing caveats apply: com orbid ab-
dom inal t raum a m ay preclude access to th is site; it  m ay be 
di cult  to create an  adequate pocket  in  a young child; and, if 
a bifrontal  ap has been elevated, it  m ay be necessary to split  
the bone dow n the m idline and superim pose the halves to 
create the opt im al contour that  w ill  t  in  the pocket .

• The skin  is closed w ith  a 4-0 m ono lam ent  suture or staples.

Postoperative Management
Monitoring
• Invasive ICP m onitoring is usually rout ine in  children  w ith  

severe TBI. Benign head CT features do not exclude increased 
ICP or the risk that  ICP w ill increase in  the subsequent  days. 
ICP m onitoring is standard at  the authors’ inst itut ion  for any 
child requiring ongoing vent ilat ion , w ithout im m ediate plans 
for extubat ion , after TBI.

• The m onitoring of brain  t issue oxygen and other m easures 
of cerebral hem odynam ics or m etabolism  is less well estab-
lished in  children  than in  adults, but  is increasingly com m on 
in  clin ical pract ice and research .

• Typically, ICP is m ore fragile, or brit t le, in  children  than in  
adults. Because these observed dynam ic changes are largely 
hem odynam ic in  nature, invasive m onitoring of blood pres-
sure and volum e status m ay allow  for bet ter character iza-
t ion  of the pathophysiology in  individual pat ients, and, in  so 
doing, perm it  m ore targeted t reatm ent of elevat ions in  ICP.

Wound Management
• Subgaleal drains m ay be used in  the im m ediate postoperat ive 

period but should be rem oved w ith in  12 hours, if possible, or 
w hen the drainage is below  25 m L per 12–24 hours.

• Compression, cot ton  w rap–type dressings used for wound 
hem ostasis postoperat ively m ay require loosening or cut t ing.

Radiographic Imaging
• As a general pr inciple, the frequency of CT im aging of chil-

dren  should be lim ited because of the long-term  risk of radia-
t ion . Unnecessary follow -up im aging also exposes the child 
w ith  severe injury to potent ial secondary insults associated 
w ith  t ranspor t  out  of the in tensive care unit  environm ent .

• However, if indicated, appropriate im aging m ay be life-
saving. There should always be a clear indicat ion  for repeat  
im aging, such as clin ical deter iorat ion . When the in it ial scan 

Fig. 28.8 Axial CT image demonstrating repair of the dural tear and 
bony defect.
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A detailed review  of these ent it ies is beyond the scope of th is 
chapter.
•  Upper  cer vica l spine in ju r ies

 ◦ Atlanto-occipital dislocat ion  (AOD)
 ◦ Atlantoaxial dislocat ion  (AAD)
 ◦ Atlantoaxial rotatory subluxat ion  (AARS)
 ◦ Translat ional at lantoaxial subluxat ion  (TAAS)
 ◦ Odontoid fractures, including synchondrosis fractures
 ◦ Traum at ic spondylolisthesis of the axis (i.e., hangm an’s 
fracture)

 ◦ Pure ligam entous/soft  t issue injury (previously know n as 
SCIWORA)

 ◦ Com binat ion  of the above pathologies
•  Low er  cer vica l spine in ju r ies

 ◦ Pure ligam entous/soft  t issue injury (previously know n as 
SCIWORA)

 ◦ Osseous anterior and/or posterior colum n injuries (e.g., com -
pression and burst fractures, lam inar/pedicle/facet fractures)

 ◦ Spinal cord disrupt ion
Biom echanical instabilit y result ing from  any of the above inju-
r ies m ay provide an  indicat ion  for operat ive in tervent ion .

The appropriate surgical approach is dictated by the speci c 
injury:
• Occipitocer vica l a r thr odesis

 ◦ Atlanto-occipital dislocat ions, at las fractures, congenital 
occipitocervical anom alies

• At la n toa xia l a r thr odesis
 ◦ Atlas fractures, odontoid fractures, t raum at ic C1–C2 liga-
m entous disrupt ions, and congenital at lantoaxial instabilit y

• Suba xia l cer vica l poster ior  a r thr odesis
 ◦ Poster ior ligam entous disrupt ion , unilateral and bilateral 
facet  dislocat ions, burst  fractures, and spondylolisthesis

• An ter ior  cer vica l a ppr oa ch
 ◦ An anterior approach is rarely indicated (except  possibly 
for decom pression of a burst  fracture) before the age of 12. 
Thereafter, children  assum e a m ore “adult” spine and be-
com e m ore suscept ible to adult-t ype injuries.

Preoperative Considerations
Field and Emergency Room 
Management
Field m anagem ent  follows the basic principles of the Advanced 
Traum a Life Support  (ATLS). Airway, breath ing, and circula-
t ion  (ABCs) m ust  be addressed. Because of a relat ively larger 

Introduction
Spine t raum a in  the pediat ric populat ion  is a relat ively uncom -
m on occurrence (1–2% of all pediat ric fractures1), but  has been 
observed m ore frequently w ith  improvem ents in  em ergency 
care, t ranspor t  services, and t raum a life support .2 Children  dif-
fer from  their adult  counterpar ts w ith  regard to spine anatom y, 
physiology, and body proport ions:
• Ligam ents and join ts can  st retch  and expand considerably 

w ithout tear ing
• Facet join ts are shallow  and horizontally oriented
• Vertebral bodies are wedged anteriorly
• Uncinate processes, w hich lim it  rotat ion , do not form  unt il 

age 10
• Dispropor t ionately larger head in  conjunct ion  w ith  weaker 

and incom pletely developed m uscular and ligam entous sup -
por t ing st ructures
These unique di erences result  in  a spine that  is m ore m al-

leable than that  of an  adult . Pediat r ic cervical spinal injuries 
follow  a predictable pat tern  related to the child’s age. Spinal in-
juries in  children  younger than 8–10 years of age are m ore likely 
to involve the upper cervical spine, from  the occiput  to the th ird 
cervical ver tebra. Most injuries in  th is age group are ligam en-
tous axis-atlanto-occipital dislocat ions or spinal cord injuries 
w ithout radiographic abnorm alit y (SCIWORA). Children  older 
than 8–10 years of age are m ore vulnerable to cervical spine 
injuries involving the lower segm ents (C3–C7); the pat tern  of 
injury in  th is group is sim ilar to the adult  populat ion .3,4

Spinal cord injury (SCI) is a rare occurrence in  the pediat ric 
populat ion  and accounts for less than 4% of the total annual 
incidence of SCI (Nat ional Spinal Cord Injury Stat ist ical Center, 
2004). Neurologic recovery in  children  w ith  SCI tends to be bet -
ter than  in  adults.5 SCI occurring before the adolescent  grow th 
spurt  is a great  r isk factor for the developm ent  of post t raum at ic 
scoliosis.5

Indications
Pediat ric cervical spine injuries can  be divided in to injuries that  
a ect  the upper cervical spine (occiput–C2) and those that  af-
fect  the subaxial spine (C3–C7). Below  is a list  of the injuries 
that  are m ore com m only encountered in  children . As stated 
previously, older children  w ill have a physiologically developed 
adult  spine, and thus, the spine injuries are sim ilar to those 
seen in  adults. There is a myriad of congenital cervical anom a-
lies that  m ay cause or place a child at  r isk for spinal cord injury. 
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fracture. Furtherm ore, a persistent neurocent ral synchondrosis 
of C2 can be m isdiagnosed as a hangm an’s fracture. The at lan-
todental in terval (ADI) in  the child spine is greater than  in  the 
adult , but  should not exceed 5 m m ; th is lim it  is because of the 
th icker child cart ilage that  does not appear in  radiographs. Any 
persist ing doubt  w ith  standard radiographs should be further 
evaluated w ith  CT and MR.
• Preoperat ive im aging (Fig. 29.2a–c).

Medication
Steroid adm inistrat ion in the set t ing of a spinal cord injury is st ill 
controversial and should be based on the institutional protocol. 
A recent system atic review  of the literature found no evidence 
supporting the use of neuroprotect ive interventions for the t reat-
m ent of spinal cord injury in children, including hypotherm ia and 
steroids.7 Furtherm ore, all studies that have evaluated steroids in  
spinal cord injury have speci cally targeted the adult population.

Surgical Timing
The opt im al t im ing for surgical decompression and  xat ion  is 
also cont roversial. A recent  system at ic review  states that  early 
surgical decom pression (i.e., in  less than 72 hours) m ay im prove 
neurologic outcom es—especially in  the set t ing of incom plete 
SCI and w hen perform ed in  less than 24 hours.11 While th is 
review  suggests early decompression m ay bene t  the general 
SCI populat ion , neurologic recovery seem s to be bet ter in  the 
pediat r ic populat ion  than in  adults.

head size, the cervical spine w ill be  exed w hen the child is 
placed supine on a standard horizontal backboard.6 A recessed 
head backboard, or elevat ion  of the t runk by approxim ately 
25 m m , m ust  be considered prim arily in  children aged less 
than 8 years of age w ith  suspected neck injury (Fig. 29.1a, b).6,7 
Once the child arrives in  the em ergency room , the ABCs m ust 
be repeated, and disabilit y and exposure should be added. In  
pat ients present ing w ith  hypotension in  the presence of bra-
dycardia, neurogenic shock m ust be di erent iated from  hypo-
volem ic shock. If a spinal cord injury is present , m anagem ent 
should proceed w ith  vasopressors and m odest   u id resuscita-
t ion . Neurologic impairm ent should focus the em ergency team  
on a possible head or spine injury or both .

Radiographic Imaging
After a careful neurologic evaluat ion , cervical spinal im aging 
should be obtained. Plain  radiographs, com puted tom ography 
(CT), and m agnet ic resonance im aging (MRI) m ay be consid-
ered. Once a spine injury is detected, clearance and im aging of 
all spine segm ents should be undertaken, considering a signi -
cant prevalence of noncont iguous fractures.4,8

Som e variants of the norm al anatomy or congenital anom alies 
m ay be m isin terpreted as t raum at ic injury.9,10 An anterolisthe-
sis of C2–C3 is a very com m on  nding and could be m isdiag-
nosed as a ligam entous injury w hen, m ost of the t im e, it  is a 
physiologic pseudosubluxat ion  caused by the hyper exibil-
it y of the im m ature cervical spine. A synchondrosis between 
the odontoid and the body of C2—w hich m ay persist  unt il a 
child  is 12 years of age—m ay be m isin terpreted as an  odontoid 

Fig. 29.1a, b Pediatric backboard. Given a relatively larger head size, (a) use of a recessed head backboard or (b) elevation of the trunk by 
approximately 25 mm should be considered to maintain neutral alignment.
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that alterat ions in  anesthet ic depth can a ect the ability to ob-
tain useful signals; the use of bispectral index (BIS) m onitoring 
can m inim ize this e ect . It is im perat ive that the anesthesiologist 
avoid hypotension and hypovolem ia during surgery.

Positioning
Anterior Cervical Approach
• Supine posit ion
• Pad or towel roll between scapulas for slight  neck extension
• Stabilize head w ith  a chin  or forehead st rap
• Neck in  neut ral posit ion  or rotated to cont ralateral surgical 

approach site
• Pull both  arm s together caudally and tape them  on the shoul-

ders for bet ter  uoroscopic view  of the cervical spine
• Use in t raoperat ive  uoroscopy to m ark the correct  level on  

the skin
 ◦ Som e surgeons advocate a left -sided approach because of 
the lower rates of recurrent laryngeal nerve injuries12

Operative Management
Successful in t raoperat ive m anagem ent  of the child w ith  a cer-
vical spine injury depends on a team  approach w ith  the spinal 
surgeon, pediat ric t raum a surgeon, anesthesiologist , and surgi-
cal and radiology technicians.

Anesthesia
In cervical spine injuries w ith gross instability, the neck m ust be 
m aintained in  a neutral posit ion throughout the procedure; in-
tubation m ay be challenging. In-line  beropt ic intubat ion should 
be considered, followed by induct ion of general anesthesia. Care 
to prevent both subluxation and distract ion is imperat ive w hen 
intubat ing, turning, or transferring. Preoperatively, antibiotics 
are adm inistered at least 30 m inutes before the procedure; the 
authors prefer vancomycin and cefazolin. If neurom onitoring 
(e.g., m otor-evoked potent ials [MEPs] and som atosensory-evoked 
potent ials [SSEPs]) is used, the anesthesia team  should be alert  

Fig. 29.2a–c (a) Lateral radiograph and (b) sagit tal and (c) coronal CT 
reconstructions demonstrating an atlanto-occipital dislocation. Note 
the widened intervals between C0–C1 and C1–C2.c

a

b
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Occipitocervical Arthrodesis
Indications
Atlanto-occipital dislocat ions, at las fractures, congenital occipi-
tocervical anom alies.

Atlantoaxial Arthrodesis
Indications
Atlas fractures, odontoid fracture, t raum at ic C1-C2 ligam entous 
disrupt ions, and congenital at lantoaxial instabilit y.

Subaxial Cervical Posterior Arthrodesis
Indications
Poster ior ligam entous disrupt ion , unilateral and bilateral facet  
dislocat ions, burst  fractures, and spondylolisthesis.

 ◦ Longitudinal incision  provides a greater exposure (usually 
w hen three or m ore levels are exposed) w hereas a t rans-
verse incision  heals w ith  bet ter cosm esis

• Care m ust be taken not to distract the injured spine w ith either 
m anipulat ion or inadvertent elevat ion of the head of bed w hen 
the pat ient is in Mayf eld f xat ion.

Posterior Cervical Approach
• Prone posit ion
• Use chest rolls (or a spine table for older children) and a three-

pinion skull clamp or Gardner-Wells tongs in neutral posit ion
• St rap arm s dow n at  the pat ient’s side
• Slight  reverse Trendelenburg posit ioning allows for bet ter ex-

posure, if the pat ient  does not dist ract
• Pad all bony prom inences and apply tight straps over the patient
• The cr it ical period during w hich the spine is at  greatest  r isk is 

the t ransfer to prone posit ion; a t ightly applied r igid collar or 
halo m ay be used to reduce th is r isk.
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Operative Procedure
Occipitocervical Arthrodesis w ith Contoured Rod and Segmental Wire
Positioning and Preparation (Fig. 29.3)

Figure Procedural Steps Pearls

Fig. 29.3 Position the patient prone on a spine table, 
w ith the head  xed to the table in a neutral 
position using either three-pinion head holder 
 xation or Gardner-Wells tongs. Alternately, 
a standard operating table—w ith chest rolls 
oriented transversely across the chest and 
hips—may be used.

•  Do not use traction in AOD cases, especially when  ipping 
the patient and in this  nal position. When in slight reverse 
Trendelenburg, use a bolster at the feet to prevent the body from 
sliding down. As the head is elevated, use  uoroscopy to check 
alignment.

•  Con rm proper neutral positioning of the occiput over the atlas 
with  uoroscopy. If fused in hyper exion, the child may have 
di culty swallowing; if fused in excessive lordosis, the child may 
have di culty ambulating because he cannot see his feet, and 
lower levels may have to be in continual kyphosis to compensate. 
Fusion in neutral or slight  exion may o set the possibility of 
continued anterior growth causing hyperlordosis if a posterior 
fusion is performed in a young child.

•  The surgical  elds are prepared and draped to include the posterior 
inferior one-third of the skull and all the posterior part of the neck. 
Include preparation of the bone graft harvest site at the region of 
the posterior iliac crest.
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Skin Incision (Fig. 29.4)

Figure Procedural Steps Pearls

Fig. 29.4 Make a posterior midline, longitudinal skin 
incision from the base of the occiput to the 
most caudal spinous process desired for the 
cervical fusion.

•  Use lateral  uoroscopy for cervical spine level con rmation.
•  For a short occipitocervical fusion (occiput–C1 or C2) stop the 

incision at C3 level.
•  Do not expose more than needed because there is a high rate of 

fusion in the child spine just by exposing the posterior elements.
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Subcutaneous Dissection (Fig. 29.5)

Figure Procedural Steps Pearls

Fig. 29.5 Extend the dissection deep w ithin the 
relatively avascular intermuscular septum 
(aka ligamentum nuchae). The suboccipital 
region—as well as the entire posterior 
arch of C1, C2, and other desired levels—is 
exposed subperiosteally.

•  Cerebrospinal  uid leak is not an unusual  nding while dissecting. It  is 
very di cult to repair the dural tear primarily. Use gelatin sponge or 
onlay dural graft substitutes. Laminectomy is not recommended for 
repair.

•  While dissecting between C1 and C2 laterally, there is often a robust 
perivertebral artery venous plexus. Bleeding from this plexus may be 
brisk but easily controlled with gelatin sponge.

•  Exercise caution while exposing the C1 posterior arch: do not to expose 
more than 12 mm to 20 mm laterally, depending on age and anatomy, 
to reduce the risk of vertebral artery injury. (Always stay on bone!) In 
young children, there may be a  brous union in the midline of the arch, 
which can be easily breached with monopolar electrocautery.

TH_Ullman_Ch29.indd   476 3/20/15   3:51 PM



29 Special Considerat ions in Pediatric Cervical Spine Injury

477

ba

Fixation Points and Rod and Wire Preparation (Fig. 29.6a, b)

Figure Procedural Steps Pearls

Fig. 29.6 (a, b) A template of the intended shape and size of the 
rod is made w ith a Luque w ire. Two bur holes are made 
on each side of the occiput: 2 cm lateral to the midline 
and 2.5 cm above the foramen magnum. An additional 
pair of bur holes also may be placed above and lateral 
to the foramen magnum. Titanium cables are passed in 
an extradural plane from each bur hole to the adjacent 
bur hole or to the foramen magnum. Sublaminar cables 
are passed around C1 and C2. Thus, for an occiput to C2 
fusion, there are a total of six cables (three on each side). 
The rod is contoured to match the template, creating a 
U-shape that w ill  t the occipitocervical region.

These six cables w ill secure and tighten the rod w ith 
ongoing  uoroscopy. A cross-link may be added at the 
caudal extent of the  xation, below  the spinous process.

•  Some children may have a low-lying tentorium, which 
would put their sinovenous structures lower than 
normal. The suboccipital dura is often quite thin and 
can be easily torn when making the bur holes.

•  A minimum of 1 cm of cortical bone should be left  
intact between the holes for good  xation.

•  A bending instrument may be helpful in bending the 
rod.13

•  Usually a 135-degree head–neck angle and a slight 
cervical lordotic bend will  t  the rod to the surgical 
site.
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Bone Graft (Fig. 29.7)

Figure Procedural Steps Pearls

Fig. 29.7 The wound is irrigated w ith copious amounts 
of antibiotic solution.

The spine and occiput are then decorticated 
and prepared for autogenous, onlay, and 
corticocancellous bone graft harvested from 
the posterior iliac crest.

•  Demineralized bone matrix may be mixed in with the autograft, 
as well as some allograft bone chips, to make a slurry that is then 
applied to all decorticated surfaces. Bone morphogenetic protein 
(BMP), if used, should be applied sparingly and only out laterally, 
away from the dural portion of the spinal canal. Occasionally, if 
anatomy permits, decortication and fusion mass may include the 
facet joints at C1–C2 and occipital condyle–C1.
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Technique: C1 Lateral Mass Screws13 (Fig. 29.8a, b)

Figure Procedural Steps

Fig. 29.8 After posterior approach to the arch of C1, use blunt dissection to expose the posterior arch of C1 and C2. Use 
the bipolar and hemostatic agents to control bleeding from the atlantoaxial perivertebral venous plexus. Using a 
Pen eld no. 4, retract the C2 nerve root caudally in order to expose the C1 lateral mass and the C1–C2 joint space 
just inferior to its arch. Find the medial and lateral borders of the C1 lateral mass by palpation. The inferior aspect 
of the posterior arch of C1 often needs to be drilled dow n to gain further access to this region and to allow  the 
screw  to sit  ush w ith the proper angulation. (a) For the screw  entry point, make a small hole w ith a drill at the 
center of C1 lateral mass. (b) With the aid of a  uoroscopic lateral view  of the high cervical spine, aim the drill 
toward the anterior tubercle of C1 and medialize the trajectory by 5 to 10 degrees, depending on the anatomy of 
the lateral mass of C1. Stop drilling when the drill tip is just short of posterior margin of the anterior tubercle or 
you feel that you have gone through the anterior cortical margin of the lateral mass of C1. Tap the hole and insert 
a partially threaded screw  so that the shaft of the screw in contact w ith the C2 nerve root does not have any 
threads. The screw  length is typically 34 to 36 mm. For particularly unstable or immature spines, bicortical screw  
 xation is paramount and requires controlled tapping to penetrate the anterior cortical surface w ithout risking 
vascular injury. A probe is helpful in determining depth and length of screw.

there can  be enough  surface area for appropriate fusion . The 
suboccipital bone m ay need contouring to allow  the p late to 
lay  ush . Care m ust  be taken  not  to disrupt  the ou ter cor tex 
fu lly (thereby, destabilizing the const ruct ). Carefully, m ake 
the  rst  previously m arked bicor t ical hole w ith  a power drill 
and tap  it . Replace the plate and secure it  w ith  an  appropri-
ate screw. Place the other screw s w ith  the plate in  p lace in  or-
der to guide them . Connect  the p late w ith  rods to the cervical 
 xat ion . The occip ital p late should be fu lly covered by m uscle 
w hen  closing.

Other Options for Occipitocervical 
Fixation
Technique: Occipital Plate
This technique is best  in  skeletally m ature pat ien ts. After sub-
periosteal dissect ion  and exposure of the suboccipital bone 
w ith  Bovie elect rocautery, p lace the p late in  posit ion  and m ark 
m idline using one of the plate aper tures. The p late should be 
p laced closer to the in ion  than  to the foram en m agnum  so 
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Technique: C2 Pedicle Screw  (Fig. 29.9)

Figure Procedural Steps

Fig. 29.9 After exposure of the posterior arch of C2, palpate the medial portion of the C2 pedicle w ith a nerve hook or 
a small Pen eld and make reference of its trajectory. The entry point w ill be in the pars interarticularis of C2, 
lateral to the superior margin of the C2 lamina. (a) Medial and (b) cranial angulation of the screw  trajectory 
is dependent on careful evaluation of the preoperative imaging—usually 15 to 20 degrees and 20 degrees, 
respectively. Again, the course of the vertebral artery on the preoperative CT w ill dictate whether placement 
is advisable; the risks of vascular injury are low.

60 degrees of cranial and either “st raight up” or 15 degrees of 
m edial angulat ion . The opt im al drilling t rajectory is either the 
anterior tubercle or a few  m illim eters superior. Preoperat ive 
review  of the CT is essent ial, w ith  focus on the sagit tal recon-
st ruct ion  to ident ify the vertebral ar tery foram en. The length  of 
the screw  m ust be determ ined on the preoperat ive CT scan. The 
screw  m ust stop before reaching the t ransverse foram en (usu-
ally 14–20 m m ). See also Chapter 12, Fig. 12.15..

Technique: C2 Pars Screw 14

The technique for placem ent of a C2 pars screw  is sim ilar to that  
for a C1–C2 t ransar t icular screw  (see below ), except  the target  
and t rajectory do not extend to the C1–C2 art iculat ion . The en-
t ry point  is just  above the inferior ar t icular facet  of C2 (3 m m  
cranial and 3 m m  lateral to the inferior m edial th ird of the infe-
rior ar t icular surface of C2). Drilling and screw  t rajectory should 
be parallel to the angle of the pars in terar t icular is, w ith  45 to 
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Technique: C2 Translaminar Screw  (Fig. 29.10)

Figure Procedural Steps

Fig. 29.10 After subperiosteal dissection of the C2 posterior arch, the entry point w ill be identi ed at the base of the 
spinous process (i.e., the spinolaminar line), contralateral to the lamina intended for  xation. The lamina itself 
w ill de ne the screw  trajectory; make a slight dorsal angulation to avoid vertebral canal breach. When using 
this technique bilaterally, one entry point must be higher than the other so that one screw  will not intersect 
w ith the other. The lamina must be thick enough to allow the placement of 3.5 mm screw s. Frequently, the 
anatomy requires a hybrid construct w ith di erent instrumentation on left and right. The C2 translaminar 
screw  head location in longer constructs may require o set  xation and may pose occasional rod bending 
challenges.
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Figure Procedural Steps Pearls

Fig. 29.11 Brooks and Jenkins  xation. C1-C2 sublaminar wires are secured 
over bilateral interposition bone grafts to provide a measure of 
stability. A  standard midline longitudinal posterior approach is 
used to expose the arch of the atlas and lamina/spinous process 
of the axis. Two double 20-gauge w ires should be inserted under 
each side of the posterior arch of C1 and the lamina of C2. Two 
tricortical structured bone autografts are harvested from the iliac 
crest and shaped to the size of the posterior space between C1 and 
C2. The w ires, once positioned, are tightened over the graft. 

•  Postoperative rigid immobilization is required 
with a Minerva cast or halo brace. 

•  Despite the appearance and the feeling of 
being very stable at placement, the wiring 
constructs lack the rigidity and stability of the 
Harms or transarticular con gurations.16

Atlantoaxial Arthrodesis
Technique: Brooks and Jenkins15 (Fig. 29.11)
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Technique: Gallie17 (Fig. 29.12)

Figure Procedural Steps Pearls

Fig. 29.12 Gallie  xation. A posterior wire construct is bolstered with 
a notched interposition bone graft shaped to  t above the 
lamina of C2 and over the C1 posterior arch. 

The posterior arch of the atlas and the lamina of C2 are 
exposed no further than 1.5 cm lateral to the midline in order 
to prevent injury to the vertebral arteries. A w ire loop is 
passed upward under the arch of the atlas (1). Then, the free 
ends of the w ire are passed into the loop, notching the arch 
of C1 (2, 3). An interpositional, notched corticocancellous 
graft is harvested from the iliac crest and shaped to  t the 
space above the lamina of C2 and over the arch of C1. The 
free ends (4) of the w ires are passed over the graft, securing 
it. One end will pass around or through the spinous process 
of C2 and then should be tw isted and tightened to the other 
end. Postoperative rigid immobilization is required w ith a 
Minerva cast or halo brace.

•  This technique avoids the need for sublaminar C2 
wires, which may be advisable in cases of congenital 
or acquired spinal stenosis.

•  This technique is one of the least stable constructs, 
which could result in wire breakage and delayed 
deformity.

•  Also, because the wire is sublaminar at C1 and 
around the spinous process at C2, overtightening 
of the wires will cause a posterior translation of C1 
on C2.

•  Multiple other wiring techniques have been 
described, including Sonntag’s modi ed Gallie 
technique.18
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Technique: Posterior C1–C2 Transarticular Screw  Fixation (Fig. 29.13a, b)
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Figure Procedural Steps Pearls

Fig. 29.13 Reduction of C1–C2 to anatomic or near anatomic alignment must 
be achieved preoperatively and con rmed with radiographs. A CT of 
the upper cervical spine is mandatory to rule out an aberrant position 
of the vertebral artery. Slight  exion of the neck helps the exposure. 
A routine midline longitudinal posterior approach is performed to 
expose the posterior elements of C1 to C3. Identi cation of the C2–C3 
facet joint w ill determine the entry point: 2 to 3 mm lateral and 2 to 
3 mm rostral to the inferior, medial portion of the C2–C3 facet joint. 
(a) A small angulation of 10–15 degrees to medial is also made. (b) 
Lateral view   uoroscopy is used to direct the trajectory toward the C1 
posterior tubercle (approximately 60 degrees), running just below  and 
parallel to the dorsal aspect of the pars interacrticularis. The assistant 
w ill use a towel clamp on the spinous process of C2 to manually 
reduce the C1–C2 articulation before the drill crosses the joint.

Once the screw  is in place and reduction is achieved, the contralateral 
screw  is placed, keeping the same reduction. Each screw  should pass 
through four cortical surfaces (the entry point just above the inferior 
C2 face, each surface of the C1–2 joint space, and the anterior C1 
lateral mass), making it a very strong construct. If a vertebral artery 
injury is suspected, continue placing the working screw  and abort 
placement on the contralateral side.

If there is no concern for an arterial injury, then proceed w ith 
placement of the contralateral screw  with the same technique. 
The arthrodesis is reinforced w ith a corticocancellous bone graft 
harvested from the iliac crest and  xed w ith sublaminar wires around 
the posterior elements of C1 and C2. 

•  Frequently, a separate stab incision is 
made caudal to the operative opening 
to allow the proper angulation of the 
drill bit .

•  Tapping with an appropriately sized 
tap is recommended, especially with 
grossly unstable spines to prevent 
distraction of the C1–C2 joint space. 
 
 
 
 
 
 

•  A unilateral transarticular screw, 
married with contralateral wire 
construct, is preferable where a 
suspected or known preexisting 
vertebral artery injury is present. 
 
 

•  There is no need for halo or Minerva 
cast postoperatively. A rigid cervical 
collar only is used.
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Technique: Harms Posterior C1-C2 Fusion w ith Polyaxial Screw and Rod Fixation14 
(Fig. 29.14a, b)

Figure Procedural Steps

Fig. 29.14 Harms posterior C1–C2 fusion w ith polyaxial screw  and rod  xation. C1 lateral mass  xation is coupled with C2 
pars or pedicle screw s. The construct is held together w ith a rod, providing rigid  xation bilaterally.

A standard midline longitudinal posterior approach is used to expose the C1–C2 complex. First, 3.5-mm polyaxial 
screws are inserted in the lateral masses of C1. Next, polyaxial screws are placed bilaterally into the C2 pars 
interarticularis or pedicle (as described above). Manipulation of the implants allows reduction of C1 onto C2 w hen 
necessary. A 3.2- to 3.5-mm rod is placed to connect the screw s and provide rigid  xation. Bone graft is then 
placed over the decorticated posterior elements for de nitive fusion. Intraoperative reduction of subluxation can 
be achieved with placement of the screws either recessed or proud in spite of their polyaxial nature.

(a) Figure demonstrates the desired entry point and (b) the optimal screw  trajectory.

TH_Ullman_Ch29.indd   486 3/20/15   3:51 PM



29 Special Considerat ions in Pediatric Cervical Spine Injury

487

Subaxial Cervical Posterior  Arthrodesis
Technique: Interspinous Wiring Arthrodesis (Fig. 29.15)

Figure Procedural Steps Pearls

Fig. 29.15 A posterior midline longitudinal approach is performed to exposure 
the level of injury; subperiosteal exposure of the laminae and spinous 
processes is made. A through-and-through hole is made w ith a sharp 
towel clip at the base of each spinous process to be fused. A wire is 
passed through the hole at the base of the spinous process above. Then, 
the free ends of the wire are draw n caudally and crisscrossed at the level 
of the interspinous space, before passing through the spinous process of 
the level below, to create a  gure-of-eight pattern. The free ends of the 
w ire are cinched and secured. Decortication of the lamina and spinous 
processes is performed with a bur. Corticocancellous bone grafts are 
placed over the laminae. Rigid external immobilization is used. 

•  With the advent of titanium cable 
systems, a simple loop  xation of the 
spinous processes may provide an easy 
adjunct to the more complex lateral 
screw  xation.

•  The Rogers interspinous wiring and the 
spinous process loop constructs should 
not be used for stand-alone  xation, 
but are ideal as a tension band to 
augment anterior constructs.
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Figure Procedural Steps

Fig. 29.16 Several techniques to achieve lateral mass  xation have been described. Most di er w ith respect to the entry 
point and angulation of trajectory. The most popular are the Roy-Camille  and the Magerl techniques.19–21. (a) 
The entry point for the Roy-Camille technique is at the intersection of two perpendicular lines that equally 
divide the lateral mass into four quadrants. The drill is directed perpendicular to the posterior wall of the 
vertebral body on sagittal view  and 10 degrees lateral on coronal view. Magerl’s entry point is 1 mm medial 
and rostral to the same center point of the posterior surface of the lateral mass. (b, c) The  trajectory is 
oriented parallel to the adjacent facet joint (about 45 to 60 degrees rostral) and 25 degrees lateral. Placing the 
monopolar blade into the joint space may assist the operator w ith the proper orientation in the sagittal plane. 
Careful use of variable drill bits allows for the placement of bicortical screws w hen extra  xation is desired. 
Screw  heads are then connected w ith longitudinal rods. A rigid cervical collar is used postoperatively.

Technique: Posterior Arthrodesis w ith Lateral Mass Screw  Fixation (Fig. 29.16a–c)
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For the occipitocervical ar throdesis that  is detailed in  th is 
chapter, the use of a soft  cervical collar is recom m ended. In  
that  case, there is no need for halo orthosis unless bone qual-
it y is poor or a m etabolic disorder w ith  a h igh nonunion rate 
develops.

• If the child is kept in  a r igid collar, the neck and jaw  line m ust 
be m onitored carefully for skin  breakdow n.

• The r igid collar, if employed, is t ypically worn for the  rst  
6–8 weeks after surgery and then gradually discont inued or 
replaced w ith  a soft  one.

• The surgical drain  is rem oved after 48 hours or w hen output  
has decreased to a m inim um . Because dural tears are com -
m on in  the occiput–C1–C2 dislocat ions, the use of a drain  
m ay be lim ited.

• Postoperat ive in t ravenous prophylact ic ant ibiot ics are term i-
nated after 24 hours.

• Im aging (either plain  X-ray or a CT) is perform ed in  the im -
m ediate postoperat ive period. Fur ther im aging is done w ith  
plain   lm s at  in tervals of 2 weeks, 1 m onth , 3 m onths, and 
6 m onths after surgery. At  that  point , a CT is perform ed to 
assess for fusion.

• Postoperat ive im aging (Fig. 29.17a, b).

Closing
• The m usculature and fascia are reapproxim ated w ith  2-0 

absorbable sutures.
• Subcutaneous t issue is closed w ith  3-0 absorbable suture in  

an  inver ted, in terrupted fashion.
• The skin  is closed w ith  a subcut icular, running m ono lam ent  

absorbable suture.

Postoperative Management
• All these inst rum entat ion  techniques in  children  require a 

protect ive external or thosis (collar). The collar is used not  
only to lim it  m ot ion but  also to lim it  the act ivit y of ener-
get ic children . While pat ients t reated w ith  w ir ing techniques 
t ypically require a r igid external or thosis, pat ients w ith  con-
st ructs that  use screws at  each of the levels m ay not require 
a r igid collar. Speci c recom m endat ions are noted in  the text  
accom panying the descript ion  of each ar throdesis procedure. 

ba
Fig. 29.17a, b (a) AP and (b) lateral radiographs showing the  nal occipitocervical construct.

TH_Ullman_Ch29.indd   489 3/20/15   3:51 PM



VI Special Considerat ions in Pediatric Emergency Neurosurgery

490

 6. Herzenberg JE, Hensinger RN, Dedrick DK, Phillips WA. Em er-
gency t ransport  and posit ioning of young children w ho have an 
injury of the cervical spine: the standard backboard m ay be haz-
ardous. J Bone Join t  Surg Am  1989;71(1):15–22
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BendMeister rod bender for occipitocervical fusion: technical 
note. Neurosurgery 1998;43(2):389–390

 14. Harm s J, Melcher RP. Posterior C1-C2 fusion w ith  polyaxial screw  
and rod  xat ion . Spine (Phila Pa 1976) 2001;26(22):2467–2471

 15. Brooks AL, Jenkins EB. Atlantoaxial ar throdesis by the wedge 
compression  m ethod. J Bone Join t  Surg [Am ] 1978;60:279

 16. Melcher RP, Put t litz CM, Kleinstueck FS, Lotz JC, Harm s J, Bradford 
DS. Biom echanical test ing of posterior at lantoaxial  xat ion  tech-
niques. Spine (Phila Pa 1976) 2002;27(22):2435–2440

 17. Gallie WE. Fractures and dislocat ions of the cervical spine. Am  
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 18. Papadopoulos SM, Dickm an CA, Sonntag VKH. Atlantoaxial sta-
bilizat ion  in  rheum atoid ar thrit is. J Neurosurg 1991;74:1–7

 19. Roy-Cam ille R, Saillant  G, Mazel C. In ternal  xat ion  of the un-
stable cervical spine by a posterior osteosynthesis w ith  plate and 
screws. In : Sherk H, Dunn E, Eism ont F, et  al, eds. The Cervical 
Spine. 2nd ed. Philadelphia, PA: Lippincot t; 1989:390–403

 20. Roy-Cam ille R, Laville C, Benazet  JP. Treatm ent of lower cervical 
spine injuries - C3 to C7. Spine 1992;17:S442–446

 21. Levine Am , Mazel C, Roy-Cam ille R. Managem ent of fracture 
separat ions of the ar t icular m ass using posterior cervical plat ing. 
Spine 1992;17:S447–454

Special Considerations
SCIWORA
SCIWORA is a term  used alm ost  exclusively in  children . It  is an  
outdated term  that  was used previously to describe a child pre-
sent ing w ith  a clin ical spinal cord injury—absent any obvious 
fracture or subluxat ion  on plain  radiographs or CT im aging. In  
young children , the support ing m usculoligam entous st ructures 
and join ts can  absorb forces by st retching and m oving, respec-
t ively. However, th is excess laxity can place the fragile and in-
tolerant  spinal cord at  r isk for injury. High qualit y MRI can al-
m ost  always ident ify the ligam entous and spinal cord injury in  
children  w ho were previously designated as SCIWORA.

Halo Application
The applicat ion  of halos in  the pediat ric populat ion  poses spe-
cial challenges. Due to the th in  caliber of the skull, p ins m ust  be 
placed under less pressure; usually m ore than four pins are re-
quired for adequate  xat ion . Pins need to be m onitored closely 
for infect ion  and skull perforat ion  (see Chapter 11).
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anterior frontal lobectomy, for cerebral contusion, 42, 42f
anterior spinal fusion, 225f

operat ive procedure
closing, 234
diskectomy, 230, 230f
graft  placem ent and fusion, 232, 232f
opening, 227, 227f
plat ing, 233, 233f
posit ioning, 226, 226f
reduct ion , 231, 231f
spinal colum n exposure, 228, 228f
ver tebral body and in tervertebral disk exposure, 229, 229f

anterior tem poral lobectomy, for cerebral contusion, 50, 50f
ant ibiot ics

for in t racranial infect ion , 333, 347
for VS m alfunct ion , 351

ant icoagulat ion , for TCVI, 137–138, 151
ant iplatelet  therapy, for TCVI, 137–138, 151
ant ithrom bot ic therapy, for TCVI, 137–138, 151
AO thoracolum bar system  (of Magerl), 266
arter ial dissect ion , t raum at ic

indicat ions for surgery, 133–135, 134f, 135f
m anagem ent , 137, 142, 143f
preprocedure considerat ions, 137

arter iovenous  stula, t raum at ic
indicat ions for surgery, 134–136
m anagem ent , 142
preprocedure considerat ions, 137

arteriovenous m alform ation  (AVM), ICH associated w ith, 327–328
arthrodesis

at lantoaxial. See at lantoaxial ar throdesis
occipitocervical. See occipitocervical ar throdesis
subaxial cervical posterior. See subaxial cervical posterior 

ar throdesis
ASIA classi cat ion  system . See Am erican Spinal Injury 

Associat ion  classi cat ion  system
aspirin , for TCVI, 137–138, 151
atlantoaxial ar throdesis, 470, 482

Brooks and Jenkins technique, 482, 482f
Gallie technique, 483, 483f
Harm s posterior C1-C2 fusion w ith  polyaxial screw  and rod 

 xat ion , 486, 486f
posterior C1-C2 t ransar t icular screw   xat ion , 484–485, 484f

autologous cranioplasty, 424
AVM. See ar teriovenous m alform at ion

B
basilar ar tery, TCVI of, 135
bicoronal surgical approach, for cerebral contusions, 34

addressing of contusion, 41, 41f
anterior frontal lobectomy, 42, 42f
bur hole placem ent , 38, 38f

A
abdom en, bone  ap storage in , 54, 63, 63f

 ap ret r ieval after, 418, 418f
abscess

epidural. See epidural abscess
in t racerebral. See in t racerebral abscess
spinal. See abscess

ACA. See an terior com m unicat ing ar tery
air em bolism , venous sinus injuries w ith , 153
Allen  classi cat ion , 197
alloplast ic cranioplasty

bifrontal craniectomy operat ive procedure
craniectomy site preparat ion , 435, 435f
im plant t ypes, 436f–438f, 439
posit ioning, 428, 428f
subcutaneous dissect ion , 430–432, 430f, 431f–432f
tem poral defect  repair, 440, 440f
tem poralis m uscle dissect ion , 433–434, 433f–434f
tem poralis t ransposit ion , 441, 441f

closing, 442
indicat ions for, 424, 424f, 425f
postoperat ive m anagem ent

m edicat ion , 442
m onitoring, 442
radiographic im aging, 442

preprocedure considerat ions
m edicat ion , 425
operat ive site preparat ion , 425
radiographic im aging, 424–425

select ion  algorithm  for, 426f
special considerat ions, 442–443, 442f
unilateral craniectomy operat ive procedure

craniectomy site preparat ion , 435, 435f
im plant t ypes, 436f–438f, 439
posit ioning, 427, 427f
skin  incision , 429, 429f
subcutaneous dissect ion , 430–432, 430f, 431f–432f
tem poral defect  repair, 440, 440f
tem poralis m uscle dissect ion , 433–434, 433f–434f
tem poralis t ransposit ion , 441, 441f

Am erican Spinal Injury Associat ion  (ASIA) classi cat ion  
system , 200

anesthesia, pediat ric considerat ions for, 459–460, 472
aneurysm , t raum at ic

indicat ions for surgery, 133, 134f, 135–136, 135f
m anagem ent , 137, 139f, 142
preprocedure considerat ions, 137

aneurysm al ICH, 328
angiography

t raum at ic cerebrovascular injury (TCVI), 137
venous sinus injuries, 153

anterior com m unicat ing ar tery (ACA), TCVI of, 135

TH_Ullman_Index.indd   491 3/20/15   6:49 PM



Index492

operat ive procedure
bolt-t ype m onitor variat ion, 107, 107f
brain  t issue oxygen m onitor variat ion , 112
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
skin  incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

pediat r ic, 458, 459
postoperat ive m anagem ent

further m anagem ent , 116
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116, 117f

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld  preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118
bur hole drainage, for CSDH, 16

bur hole placem ent , 20, 20f
closing, 25
drain  placem ent , 24, 24f
dural opening, 21, 21f
hem atom a evacuat ion , 22f, 23
posit ioning, 19, 19f
skin  incision , 19, 19f

burst  fractures
cervical. See cervical burst  fractures
thoracic, 239
thoracolum bar, 266

C
C1-C2 fusion w ith polyaxial screws and rods

indicat ions for, 179
operat ive procedure

C1 screw  t rajectory and placem ent , 193, 193f
C2 screw  t rajectory and placem ent , 194, 194f
closing, 195
 nal const ruct , 195, 195f
posit ioning and surgical site preparat ion , 191, 191f
t issue dissect ion  and exposure, 192, 192f

for pediat ric cervical spine injury, 486, 486f
postoperat ive m anagem ent

m edicat ion , 195
m onitoring, 195

preprocedure considerat ions
m edicat ion , 179
radiographic im aging, 179, 180f

special considerat ions, 195–196
C1-C2 t ransart icular screw

indicat ions for, 179
operat ive procedure

closing, 190
 nal const ruct , 190, 190f
posit ioning, 186, 186f
screw  t rajectory and placem ent , 189, 189f
surgical site preparat ion, 187, 187f
t issue dissect ion  and exposure, 188, 188f

for pediat ric cervical spine injury, 484–485, 484f

closing, 51
craniotomy, 39, 39f
dural opening, 40, 40f
posit ioning, 35, 35f
skin  incision , 36, 36f
subcutaneous dissect ion , 37, 37f

bifrontal craniectomy
for alloplast ic cranioplasty

craniectomy site preparat ion , 435, 435f
implant  t ypes, 436f–438f, 439
posit ioning, 428, 428f
subcutaneous dissect ion , 430–432, 430f, 431f–432f
tem poral defect  repair, 440, 440f
tem poralis m uscle dissect ion , 433–434, 433f–434f
tem poralis t ransposit ion , 441, 441f

decom pressive, 53
closing, 70
craniotomy, 67, 67f
dural opening, 68, 68f
duraplasty, 69, 69f
incision  planning, 65, 65f
pediat ric, 462
posit ioning, 64, 64f
subcutaneous dissect ion , 66, 66f

blunt  vascular injuries
head. See in t racranial blunt  TCVI
neck. See ext racranial blunt TCVI

bolt-t ype in t racranial m onitors, placem ent  of, 107, 107f
bone  ap replacem ent

closing
abdom inal incision , 422
cranial incision , 422

indicat ions for, 412
operat ive procedure

com pleted const ruct , 421, 421f
 ap replacem ent , 419, 419f
ident i cat ion  and separat ion  of tem poralis m uscle, 

416–417, 416f–417f
posit ioning and preparat ion, 413, 413f
skin  incision , 414, 414f
subcutaneous abdom inal bone  ap ret r ieval, 418, 418f
subcutaneous dissect ion , 415, 415f
tem poralis t ransposit ion , 420, 420f

postoperat ive m anagem ent
m edicat ion , 422
m onitoring, 422
radiographic im aging, 422, 422f

preprocedure considerat ions
m edicat ion , 412
operat ive  eld preparat ion , 412
radiographic im aging, 412, 412f

special considerat ions, 422
bone  ap storage, in  abdom inal fat  layer, 54, 63, 63f

 ap ret r ieval after, 418, 418f
bony debridem ent , for com bat  injuries, 391, 391f
brain  debridem ent , for com bat  injuries, 394, 394f
brain  decom pression, for cerebellar infarct ion , 85, 85f
brain  t issue oxygen tension m onitor ing

closure, 116
indicat ions for, 101, 458

bicoronal surgical approach, for cerebral contusions (cont inued)
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preprocedure considerat ions
m edicat ion , 74
operat ive  eld preparat ion , 74
posit ioning, 74
radiographic im aging, 73–74, 75f
ventr iculostomy, 74, 77, 77f

cerebral blood  ow  m onitoring
closure, 116
indicat ions for, 101, 458
operat ive procedure

bolt-t ype m onitor variat ion , 107, 107f
cerebral blood  ow  m onitor variat ion , 112
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
skin incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

pediat ric, 458, 459
postoperat ive m anagem ent

further m anagem ent , 117
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116, 117f

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118
cerebral contusions

bicoronal approach operat ive procedure
addressing of contusion, 41, 41f
anterior frontal lobectomy, 42, 42f
bur hole placem ent , 38, 38f
closing, 51
craniotomy, 39, 39f
dural opening, 40, 40f
posit ioning, 35, 35f
skin incision , 36, 36f
subcutaneous dissect ion , 37, 37f

indicat ions for surgery, 33
m odi ed pterional approach operat ive 

procedure
addressing of contusion, 49, 49f
anterior tem poral lobectomy, 50, 50f
bur hole placem ent , 46, 46f
closing, 51
craniotomy, 47, 47f
dural opening, 48, 48f
posit ioning, 43, 43f
skin incision , 44, 44f
subcutaneous dissect ion , 45, 45f

postoperat ive m anagem ent
m edicat ion , 51
m onitoring, 51
radiographic im aging, 51, 51f

preprocedure considerat ions
choice of surgical approach, 34
m edicat ion , 34
operat ive  eld preparat ion , 34
radiographic im aging, 33, 33f

postoperat ive m anagem ent
m edicat ion , 190
m onitoring, 190

preprocedure considerat ions
m edicat ion , 179
radiographic im aging, 179, 180f

special considerat ions, 195–196
C1 lateral m ass screws, for pediat ric cervical spine injury, 479, 

479f
C2 pars screw, for pediat ric cervical spine injury, 480
C2 pedicle screw, for pediat r ic cervical spine injury, 480, 480f
C2 translam inar screw, for pediatric cervical spine injury, 481, 481f
calvarial reconstruct ion , after depressed skull fracture elevat ion , 

98, 98f
carot id ar tery, TCVI of

endovascular m anagem ent , 138, 141f
indicat ions for surgery, 133–134, 134f
proxim al and distal cont rol, 149, 149f
repair of ar terial injury, 150, 150f
surgical dissect ion , 148, 148f

carot id-cavernous  stula (CCF), t raum at ic, 135–136
cauda equina syndrom e

closure, 309
indicat ions for surgery, 302
operat ive procedure

lum bar diskectomy, 308, 308f
lum bar lam inectomy, 307, 307f
posit ioning, 304, 304f
skin  incision , 305, 305f
subperiosteal dissect ion , 306, 306f

postoperat ive m anagem ent , 309
preprocedure considerat ions

Foley catheter placem ent , 303
m edicat ion , 302
operat ive  eld preparat ion , 303
radiographic im aging, 302, 303f

special considerat ions, t im ing of surgery, 309
cavernous sinus syndrom e, t raum at ic  stula causing, 135–136
CCF. See carot id-cavernous  stula
cerebellar st roke or hem orrhage

closing, 88
indicat ions for surgery, 73
int racerebral, 312–328
operat ive procedure

bony exposure, 79, 79f
bur hole placem ent , 80, 80f
craniectomy, 81, 81f
decom pression of infarcted brain , 85, 85f
dural closure, 87, 87f
dural opening, 83, 83f
epidural hem atom a evacuat ion , 82, 82f
hem ostasis, 86, 86f
in t racerebellar hem atom a evacuat ion , 84, 84f
posit ioning, 76, 76f
skin  incision , 77, 77f
subcutaneous dissect ion , 78, 78f

postoperat ive m anagem ent
m edicat ion , 89
m onitoring, 89
radiographic im aging, 88f, 89
ventriculostomy, 88
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postoperat ive m anagem ent
m edicat ion , 234
m onitoring, 234
radiographic im aging, 234, 235f

preprocedure considerat ions
m edicat ion , 215
operat ive  eld  preparat ion , 215
radiographic im aging, 215

special considerat ions, 234
cervical spine injury, pediat ric. See pediat ric cervical spine injury
cervical t ract ion . See closed spinal t ract ion
Chance fracture. See  exion-dist ract ion  fractures
chronic subdural hem atom a (CSDH)

bur hole drainage operat ive procedure
bur hole placem ent , 20, 20f
closing, 25
drain  placem ent , 24, 24f
dural opening, 21, 21f
hem atom a evacuat ion , 22f, 23
posit ioning, 19, 19f
skin  incision , 19, 19f

character ist ics of, 17, 17f
indicat ions for surgery

all procedures, 16
m inim ally invasive procedures, 16

postoperat ive m anagem ent
m edicat ion , 30
m onitoring, 29
radiographic im aging, 30, 30f, 31f
tw ist  drill craniostomy care, 29, 30f

preprocedure considerat ions
m edicat ion , 17–18
operat ive  eld  preparat ion , 18
radiographic im aging, 16–17, 17f, 18f, 18t

sm all craniotomy operat ive procedure
bur hole placem ent , 20, 20f
closing, 25
drain  placem ent , 24, 24f
dural opening, 21, 21f
hem atom a evacuat ion , 22f, 23
posit ioning, 19, 19f
skin  incision , 19, 19f

special considerat ions, 31
tw ist  drill craniostomy operat ive procedure

catheter placem ent , 28, 28f
closing, 29, 29f
drilling, 27, 27f
posit ioning, 26, 26f
skin  incision , 26, 26f

closed cranial fractures, 90, 99
closed spinal t ract ion

indicat ions for, 170
operat ive procedure

pin  placem ent , 174, 174f
pin  site select ion , 173, 173f
posit ioning, 172, 172f
vest  placem ent , 176f
weight  placem ent and counter t ract ion , 175, 175f

pediat r ic, 490
postoperat ive m anagem ent

m edicat ion , 177
m onitoring, 177

cerebral edem a, during decom pressive craniectomy, 71
cerebrospinal  u id (CSF)

com bat-associated leak of, 398, 400f
penetrat ing head injuries w ith  leak of, 119–120, 132
t raum at ic rhinorrhea of. See t raum at ic CSF rhinorrhea repair

cerebrovascular injury, t raum at ic. See t raum at ic cerebrovascular 
injury

cervical burst  fractures
closing, 212
indicat ions for surgery, 197, 197t , 198f–199f, 200
init ial evaluat ion  of, 200
m echanism s of injury, 197, 198f–199f
m edical m anagem ent of, 200
operat ive procedure, 197t , 200–201

allograft  placem ent , 210, 210f
anterior locking plate placem ent , 211, 211f
corpectomy, 209, 209f
deep cervical invest ing fascia ident i cat ion , 205, 205f
diskectomy, 208, 208f
incision  and subplat ysm al dissect ion , 204, 204f
om ohyoid ident i cat ion , 204, 204f
posit ioning, 203, 203f
prevertebral fascia ident i cat ion , 206, 206f
self-retain ing ret ractor placem ent , 207, 207f

postoperat ive m anagem ent
m edicat ion , 212
m onitor ing, 212
radiographic im aging, 212, 212f

preprocedure considerat ions
operat ive  eld preparat ion , 201
radiographic im aging, 201, 202f

special considerat ions, 212
cervical collar, for pediat ric cervical spine injury, 490
cervical epidural spinal cord com pression, surgical approaches 

to, 291
cervical facet  dislocat ion

anterior approach operat ive procedure, 225f
closing, 234
diskectomy, 230, 230f
graft  placem ent and fusion, 232, 232f
opening, 227, 227f
plat ing, 233, 233f
posit ioning, 226, 226f
reduct ion , 231, 231f
spinal colum n exposure, 228, 228f
ver tebra l body an d  in te r ver tebra l d isk exp osu re, 229 , 

229 f
closed reduct ion , 215
exam inat ion , 214
indicat ions for surgery, 214
operat ive m anagem ent

approach, 215
techniques, 215

poster ior approach operat ive procedure, 216f
closing, 225
decom pression and reduct ion , 220, 220f
fusion preparat ion , 221, 221f
posit ioning, 217, 217f
posterolateral fusion, 224, 224f
rod placem ent , 223, 223f
screw  placem ent , 222, 222f
subcutaneous dissect ion , 218–219, 218f, 219f
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com bat  cranial operat ions, 386, 387f, 396, 396f
CSDH, 16–17, 17f, 18f, 18t , 30, 30f, 31f
decom pressive craniectomy, 53–54, 54f, 70, 71f
depressed skull fracture elevat ion , 90, 91f, 99, 99f
epidural hem atom a, 2, 3f, 14, 15f
frontal sinus injuries, 444, 445f, 456
ICH, 312, 312f, 320, 320f, 327, 327f, 328f
in t racranial infect ion , 331, 332f, 347, 347f
invasive neurom onitoring, 116, 117f
odontoid fractures, 179, 180f
pediat ric cervical spine injury, 471, 472f
pediat ric TBI, 459, 459f
pituitary apoplexy, 370, 371f
spinal epidural com pression, 288, 290f
subdural hem atom a, 2, 3f, 14, 15f
suboccipital t raum a, 73–74, 75f, 88f, 89
surgical debridem ent of penetrat ing head injuries, 120, 121f, 

131, 131f
thoracic fractures, 239
thoracolum bar fractures, 267, 267f
t raum at ic CSF rhinorrhea repair, 444, 445f, 456
venous sinus injuries, 153, 154f, 168, 168f
ventr icular shunt m alfunct ion , 350, 350f, 368, 368f

com puted tom ography angiogram  (CTA)
com bat-associated penetrat ing spine injury, 402
ICH, 312, 313f, 320, 320f
TCVI, 136–137, 136f, 151

com puted tom ography venography (CTV), venous sinus injuries, 
153, 154f, 168, 168f

corpectomy
for cervical burst  fractures, 209, 209f
for thoracic fractures, 251f

corpectomy and diskectomy, 254, 254f
drilling, 253, 253f
pedicle screws, 256, 256f
rem oval of facet  com plex, 252, 252f
r ib head t rap door osteotomy, 255, 255f

cor t icosteroids. See steroids
costot ransversectomy, for thoracic fractures, 264
cranial bone  ap replacem ent . See bone  ap replacem ent
cranial fracture, depressed. See depressed skull fracture elevat ion
craniectomy

for alloplast ic cranioplasty. See bifrontal craniectomy; 
unilateral craniectomy

for cerebellar stroke or hemorrhage or suboccipital trauma, 81, 81f
decom pressive. See decom pressive craniectomy
for depressed skull fracture elevat ion , 95, 95f
for ICH. See m idline suboccipital craniectomy
pediat ric, 458, 460–461
for penet rat ing head injuries, 119–120

cranioplast y
alloplast ic. See alloplast ic cranioplasty
autologous, 424
pediat ric, 458

craniostomy. See tw ist  drill craniostomy
craniotomy

for cerebral contusion
bicoronal approach, 39, 39f
m odi ed pterional approach, 47, 47f

for CSDH, 16
bur hole placem ent , 20, 20f
closing, 25

pin  site m anagem ent , 177
radiographic im aging, 176f, 177

preprocedure considerat ions
m edicat ion , 170
operat ive  eld preparat ion , 170
radiographic im aging, 170, 171f

special considerat ions, 177
com bat-associated penetrat ing spine injury (PSI)

closure, 410
indicat ions for surgery, 398, 399f, 400f, 401f
operat ive technique

decom pression, 408, 408f
dissect ion , 406, 406f
dural explorat ion/repair, 409, 409f
inst rum entat ion/fusion, 410
lam inectomy, 407, 407f
posit ioning, 404–405, 404f–405f

postoperat ive m anagem ent , 410
preprocedure considerat ions

anesthesia issues, 403
associated injur ies, 402
equipm ent/set-up, 402–403
init ial evaluat ion , 402
init ial m edical m anagem ent , 402
neurom onitoring, 403
prepping/incision , 403
radiographic im aging, 402
tact ical scenario, 402

com bat  cranial operat ions
closing, 396
indicat ions for, 386
operat ive procedure

bony debridem ent , 391, 391f
brain  debridem ent , 394, 394f
hem icraniectomy, 393, 393f
pericranial graft , 395, 395f
posit ioning and preparat ion , 388, 388f
scalp incision , 392, 392f
skull base reconstruct ion , 395, 395f
soft  t issue debridem ent , 390, 390f
urgent  hem ostasis, 389, 389f

postoperat ive m anagem ent
m edicat ion , 396
m onitoring, 396
radiographic im aging, 396, 396f

preprocedure considerat ions
consultat ion/teamwork, 386
m edicat ions, 387
operat ive  eld preparat ion , 387
radiographic im aging, 386, 387f

special considerat ions, 397
com pression fractures

thoracic, 239
thoracolum bar, 266

com puted tom ography (CT)
bone  ap replacem ent , 412, 412f, 422, 422f
cerebellar st roke or hem orrhage, 73–74, 75f, 88f, 89
cerebral contusions, 33, 33f, 51, 51f
cervical burst  fractures, 201
cervical facet  dislocat ion , 215, 234
closed spinal t ract ion , 170, 171f
com bat-associated penetrat ing spine injury, 402
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dens fractures. See odontoid fractures
depressed skull fracture elevat ion

closing, 99
indicat ions for, 90, 458
operat ive procedure

calvarial reconst ruct ion , 98, 98f
craniectomy, 95, 95f
dural tear explorat ion , 96, 96f
fracture elevat ion , 96, 96f
posit ioning, 92, 92f
skin  incision , 93, 93f
subcutaneous dissect ion , 94, 94f
venous sinus repair, 97, 97f

pediat r ic, 458, 460
postoperat ive m anagem ent

m edicat ion , 99
radiographic im aging, 99, 99f

preprocedure considerat ions
m edicat ion , 90
operat ive  eld  preparat ion , 90
radiographic im aging, 90, 91f

special considerat ions, 99
diskectomy

for cauda equina syndrom e, 308, 308f
for cervical burst  fractures, 208, 208f
for cervical facet  dislocat ions, 230, 230f
for thoracic fractures, 254, 254f

dom inant t ransverse sinus injuries
closing, 165
indicat ions for surgery, 153
operat ive procedure

craniotomy, 164, 164f
direct  repair, 165, 165f
general considerat ions, 154
posit ioning, 162, 162f
sinus interposit ion  graft , 167
sinus patch , 166, 166f
skin  incision , 163, 163f
tam ponade, 165

postoperat ive m anagem ent
m edicat ion , 168
m onitoring, 168
radiographic im aging, 168, 168f

preprocedure considerat ions
m edicat ion , 153
operat ive  eld  preparat ion , 153–154
radiographic im aging, 153, 154f

special considerat ions, 168
drain  placem ent

for CSDH, 24, 24f, 29, 30f
for epidural or subdural hem atom a, 13, 13f
EVD. See external ventricular drain

dura
closure of

after cerebellar st roke or hem orrhage or suboccipital t raum a 
surgery, 87, 87f

after grow ing skull fracture repair, 467, 467f
after hem atom a evacuat ion , 11, 11f
after in t racranial infect ion , 344, 344f

explorat ion  of, for com bat-associated penet rat ing spine injury, 
409, 409f

drain  placem ent , 24, 24f
dural opening, 21, 21f
hem atom a evacuat ion , 22f, 23
posit ioning, 19, 19f
skin  incision , 19, 19f

for decom pressive hem icraniectomy
bifrontal, 67, 67f
frontotem poroparietal, 59, 59f

for epidural or subdural hem atom a, 7, 7f
for ICH. See frontal craniotomy
for in t racerebral abscess, 343, 343f
pediat ric, 458, 460, 465, 465f
for penet rat ing head injuries, 119–120, 126, 126f
for venous sinus injuries

anterior one-th ird superior sagit tal sinus, 157, 157f
posterior two-th irds superior sagit tal sinus, torcular 

herophili, and dom inant  t ransverse sinus, 164, 164f
CSDH. See chronic subdural hem atom a
CSF. See cerebrospinal  u id
CT. See com puted tom ography
CTA. See com puted tom ography angiogram
CTV. See com puted tom ography venography

D
DC. See decom pressive craniectomy
debridem ent . See surgical debridem ent of penetrat ing head 

injuries
decom pressive craniectomy (DC)

bifrontal operat ive procedure
closing, 70
craniotomy, 67, 67f
dural opening, 68, 68f
duraplasty, 69, 69f
incision  planning, 65, 65f
posit ioning, 64, 64f
subcutaneous dissect ion , 66, 66f

fron totem poropar iet al h em icran iectom y operat ive 
p rocedu re

bone  ap elevat ion , 59, 59f
bone  ap storage, 63, 63f
bur hole placem ent , 58, 58f
closing, 70
dural opening, 61, 61f
duraplasty, 62, 62f
posit ioning, 55, 55f
skin  incision , 56, 56f
subcutaneous dissect ion , 57, 57f
tem poral craniectomy re nem ent , 60, 60f

indicat ions for, 53, 458
pediat ric, 458, 460–461
postoperat ive m anagem ent

m edicat ion , 70
m onitoring, 70
radiographic im aging, 70, 71f

preprocedure considerat ions
m edicat ion , 54
operat ive  eld preparat ion , 54
radiographic im aging, 53–54, 54f

special considerat ions, 71
Denis classi cat ion , 266

craniotomy (cont inued)
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postoperat ive m anagem ent
m edicat ion , 14
m onitoring, 14
radiographic im aging, 14, 15f

preprocedure considerat ions
m edicat ion , 2
operat ive  eld preparat ion , 2
radiographic im aging, 2, 3f

special considerat ions, 15
spinal. See spinal epidural hem atom a
suboccipital t raum a w ith , 73, 73f, 82, 82f

external vent ricular drain  (EVD)
closure, 116
during decom pressive craniectomy, 54
for ICH, 328–329
indicat ions for, 101, 458
pediat ric, 458, 459–460
placem ent  operat ive procedure

anatom ic landm arks for, 102, 102f–103f
bolt-t ype m onitor variat ion , 107, 107f
catheter tunnelling and securing, 110, 110f
drain  variat ion , 109, 109f
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
skin incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

postoperat ive m anagem ent
further m anagem ent , 116
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116, 117f

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118
ext racranial blunt  TCVI

indicat ions for surgery, 133–134, 133t , 134f, 135f
m anagem ent

algorithm  for, 138f
endovascular, 137–138, 139f
m edical, 137

postoperat ive m anagem ent
m edicat ion , 151
m onitoring, 151
radiographic im aging, 151

preprocedure considerat ions, 136–137, 136f
special considerat ions, 151

ext racranial penet rat ing TCVI
indicat ions for surgery, 134
m anagem ent

algorithm  for, 140f
closure, 138
endovascular, 138, 141f

operat ive procedure
carot id ar tery dissect ion , 148, 148f
in it ial dissect ion , 147, 147f
posit ioning, 145, 145f
proxim al and distal ar tery control, 149, 149f

opening of
for cerebellar st roke or hem orrhage, 83, 83f
for cerebral contusions, 40, 40f, 48, 48f
for CSDH, 21, 21f
for decom pressive hem icraniectomy, 61, 61f, 68, 68f
for epidural or subdural hem atom a, 9, 9f
for ICH, 317, 317f, 325, 325f
for in t racranial infect ion , 341, 341f
for in t racranial m onitoring, 108, 108f
for suboccipital t raum a, 83, 83f
for surgical debridem ent  of penet rat ing head injuries, 127, 

127f
tearing of, depressed skull fractures w ith , 96, 96f

dural venous sinus injury. See venous sinus injuries
duraplast y

for decom pressive hem icraniectomy
bifrontal, 69, 69f
frontotem poroparietal, 62, 62f

for surgical debridem ent  of penet rat ing head injuries, 130, 
130f

E
EDH. See epidural hem atom a
endovascular m anagem ent

of ext racranial blunt  TCVI, 137–138, 139f
of ext racranial penetrat ing TCVI, 138, 141f

epidural abscess, 330
closure, 347
indicat ions for surgery, 331
operat ive procedure

abscess rem oval, 340, 340f
bone  ap elevat ion , 339, 339f
incision , 336, 336f
pericranial  ap harvest , 337, 337f
posit ioning, 334–335, 334f–335f
t em p oralis d ivision  an d  bu r  h ole  p lacem en t , 338,  

338 f
postoperat ive m anagem ent

fur ther m anagem ent , 348
m edicat ion , 347
m onitoring, 347
radiographic im aging, 347, 347f

preprocedure considerat ions
m edicat ion , 333
operat ive  eld preparat ion , 333
radiographic im aging, 331, 332f

special considerat ions, 348
spinal. See spinal epidural abscess

epidural hem atom a (EDH)
cerebellar st roke or hem orrhage w ith , 73, 73f, 82, 82f
indicat ions for surgery, 2, 458
operat ive procedure

bone  ap replacem ent , 12, 12f
closing, 14
craniotomy, 7, 7f
drain  placem ent , 13, 13f
hem atom a evacuat ion , 8, 8f
posit ioning, 4, 4f
skin  incision , 5, 5f
subcutaneous dissect ion , 6, 6f

pediat ric, 458, 460
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skin  incision , 56, 56f
subcutaneous dissect ion , 57, 57f
tem poral craniectomy re nem ent , 60, 60f

G
Gardner-Wells tongs

indicat ions for, 170
operat ive procedure

pin  placem ent , 174, 174f
pin  site select ion , 173, 173f
posit ioning, 172, 172f
weight  placem ent and counter t ract ion , 175, 175f

postoperat ive m anagem ent
m edicat ion , 177
m onitoring, 177
pin  site m anagem ent , 177
radiographic im aging, 176f, 177

preprocedure considerat ions
m edicat ion , 170
operat ive  eld  preparat ion , 170
radiographic im aging, 170, 171f

special considerat ions, 177
grow ing skull fracture repair

closing, 469
general surgical principles, 460
indicat ions for, 458
operat ive procedure, 462

bony defect  repair, 468, 468f
craniotomy, 466, 466f
dural defect  closure, 467, 467f
incision , 464, 464f
posit ioning, 463, 463f
subcutaneous dissect ion , 465, 465f

postoperat ive m anagem ent
m onitoring, 469
radiographic im aging, 469, 469f
wound m anagem ent , 469

preprocedure considerat ions
anesthesia, 459–460
operat ive  eld  preparat ion , 460
radiographic im aging, 459, 459f

H
halo ring t ract ion

indicat ions for, 170
operat ive procedure

pin  placem ent , 174, 174f
pin  site select ion , 173, 173f
posit ioning, 172, 172f
vest  placem ent , 176f
weight  placem ent and counter t ract ion , 175, 175f

pediat r ic, 490
postoperat ive m anagem ent

m edicat ion , 177
m onitoring, 177
pin  site m anagem ent , 177
radiographic im aging, 176f, 177

preprocedure considerat ions
m edicat ion , 170
operat ive  eld  preparat ion , 170
radiographic im aging, 170, 171f

special considerat ions, 177

repair of ar terial injury, 150, 150f
skin  incision , 146, 146f

postoperat ive m anagem ent
m edicat ion , 151
m onitor ing, 151
radiographic im aging, 151

preprocedure considerat ions, 137
special considerat ions, 151

F
facetectomy, for thoracolum bar fractures, 272–273, 272 f
facet  fusion, for thoracolum bar fractures, 281, 281f
facet  join t  dislocat ion . See cervical facet  dislocat ion
facets, anatomy of, 237
 brin  sealant  applicat ion , for frontal sinus surgery,  454, 454f
 exion-dist ract ion  fractures

thoracic, 239
thoracolum bar, 266

 uoroscopy, for pituitary apoplexy, 373–374, 373f, 374f
foreign body rem oval, for in t racranial penet rat ing injury, 144, 

144f
fracture-dislocat ion  injury

thoracic spine, 239
thoracolum bar, 266

fracture elevat ion . See depressed skull fracture elevat ion
frontal craniotomy, for supratentorial ICH

craniotomy, 316, 316f
dural opening, 317, 317f
hem atom a evacuat ion , 318–319, 318f, 319f
posit ioning and skin  incision , 314, 314f
subcutaneous dissect ion , 315, 315f

frontal lobe contusion. See cerebral contusions
frontal lobectomy, for cerebral contusion, 42, 42f
fron tal sinus cran ializat ion , after  in t racran ial in fect ion , 344, 

344 f
frontal sinus injuries

closing, 456
indicat ions for surgery, 444
operat ive procedure

bicoronal incision, 446, 446f
cranial bone  ap replacem ent , 455, 455f
 brin  sealant  applicat ion , 454, 454f
fragm ent  rem oval and cataloguing, 448, 448f
frontonasal duct  packing, 452, 452f
frontonasal duct  patency con rm at ion , 449, 449f
pericranial  ap elevat ion  and rotat ion , 453, 453f
poster ior table rem oval, 450, 450f
sinus m ucosa burning, 451, 451f
subperiosteal dissect ion , 447, 447f

postoperat ive m anagem ent , 456
preprocedure considerat ions, 444, 445f
special considerat ions, 456

frontotem poroparietal decom pressive hem icraniectomy, 53
bone  ap elevat ion , 59, 59f
bone  ap storage, 63, 63f
bur hole placem ent , 58, 58f
closing, 70
dural opening, 61, 61f
duraplasty, 62, 62f
pediat ric, 462
posit ioning, 55, 55f

extracranial penet rat ing TCVI (cont inued)

TH_Ullman_Index.indd   498 3/20/15   6:49 PM



Index  499

operat ive procedure
bone  ap elevat ion , 339, 339f
du ral closu re  an d  cran ializat ion  of fron t a l sin u s, 344, 

344 f
dural opening, 341, 341f
incision , 336, 336f
open craniotomy, 343, 343f
pericranial  ap harvest , 337, 337f
posit ioning, 334–335, 334f–335f
stereotact ic approach, 345–346, 345f–346f
tem poralis division  and bur hole placem ent , 338, 338f

postoperat ive m anagem ent
further m anagem ent , 348
m edicat ion , 347
m onitoring, 347
radiographic im aging, 347, 347f

preprocedure considerat ions
m edicat ion , 333
operat ive  eld preparat ion , 333
radiographic im aging, 331, 332f

special considerat ions, 348
intracerebral hem orrhage (ICH), 312. See cerebellar st roke or 

hem orrhage
infratentorial. See infratentorial ICH
supratentorial. See supratentorial ICH

intracranial blunt  TCVI
indicat ions for surgery, 134–136
m anagem ent , 142, 143f

algorithm  for, 142f
postoperat ive m anagem ent

m edicat ion , 151
m onitoring, 151
radiographic im aging, 151

preprocedure considerat ions, 137
special considerat ions, 151

intracranial hypertension, decom pressive craniectomy for.  
See decom pressive craniectomy

intracranial infect ion
closure, 347
indicat ions for surgery, 331
operat ive procedure

bone  ap elevat ion , 339, 339f
dural closure and cranializat ion  of frontal sinus, 344, 344f
dural opening, 341, 341f
epidural abscess rem oval, 340, 340f
incision , 336, 336f
open craniotomy, 343, 343f
pericranial  ap harvest , 337, 337f
posit ioning, 334–335, 334f–335f
stereotact ic approach to in t raparenchym al abscess, 

345–346, 345f–346f
subdural em pyem a rem oval, 342, 342f
tem poralis division  and bur hole placem ent , 338, 338f

postoperat ive m anagem ent
further m anagem ent , 348
m edicat ion , 347
m onitoring, 347
radiographic im aging, 347, 347f

preprocedure considerat ions
m edicat ion , 333
operat ive  eld preparat ion , 333
radiographic im aging, 331, 332f

halo vest  t ract ion , 170, 172, 176f
head injuries

penet rat ing. See penet rat ing head injuries
TBI. See t raum at ic brain  injury
TCVI. See t raum at ic cerebrovascular injury

hem atom a evacuat ion
CSDH, 22f, 23
epidural, 8, 8f, 82, 82f
ICH

infratentorial, 326, 326f
supratentorial, 318–319, 318f, 319f

in t racerebellar, 84, 84f
spinal epidural, 294, 294f
subdural, 10, 10f

hem icraniectomy
for com bat head injuries, 393, 393f
decom pressive. See frontotem poroparietal decom pressive 

hem icraniectomy
hem orrhage

cerebellar. See cerebellar st roke or hem orrhage
intracerebral. See in t racerebral hem orrhage
venous sinus injuries w ith , 153

heparin , for TCVI, 137
hydrocephalus, after decom pressive craniectomy, 70
hydroxyapat ite cem ent  com pound, for alloplast ic cranioplasty, 

438f, 439, 442

I
ICA. See in ternal carot id ar tery
ICH. See in t racerebral hem orrhage
ICP m onitoring. See in t racranial pressure m onitoring
infect ion

epidural. See epidural abscess
in t racranial. See in t racranial infect ion
penet rat ing head injuries w ith , 119–120, 132
shunt , 351
spinal. See spinal epidural abscess

infratentorial ICH
closing, 327
indicat ions for surgery, 320
m idline suboccipital craniectomy operat ive procedure

craniectomy, 323–324, 323f–324f
dural opening, 325, 325f
hem atom a evacuat ion , 326, 326f
posit ioning, 321, 321f
skin  incision  and subcutaneous dissect ion , 322, 322f

postoperat ive m anagem ent , 327, 327f, 328f
preprocedure considerat ions

in it ial m anagem ent , 320
m edicat ion , 320
operat ive  eld preparat ion , 320
radiographic im aging, 320, 320f

special considerat ions, 327–329
internal carot id ar tery (ICA), TCVI of

endovascular m anagem ent , 138, 141f
indicat ions for surgery, 133–134

interspinous w ir ing ar throdesis, for pediat ric cervical spine 
injury, 487, 487f

in t racerebellar hem atom a, 73, 73f, 84, 84f
in t racerebral abscess, 330

closure, 347
indicat ions for surgery, 331
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m edicat ion , 102
operat ive  eld  preparat ion , 102, 102f–103f
radiographic im aging, 101

SjVO2 m onitor placem ent  operat ive procedure
posit ioning, 113, 113f
skin incision and insert ion , 114, 114f
veri cat ion  of posit ion, 115, 115f

special considerat ions, 118

J
jugular venous saturat ion  (SjVO2) m onitoring

closure, 116
indicat ions for, 101
operat ive procedure

posit ioning, 113, 113f
skin  incision and insert ion , 114, 114f
veri cat ion  of posit ion, 115, 115f

postoperat ive m anagem ent
further m anagem ent , 116–117
m edicat ion , 116
m onitor ing, 116
radiographic im aging, 116

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld  preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118

K
Kocher’s point , 102, 102f–103f

L
lam inectomy

for cauda equina syndrom e, 307, 307f
for com bat-associated penetrat ing spine injury, 407, 407f
for spinal epidural com pression, 288, 291

m etastat ic disease, 297, 297f
SEA, 295–296, 295f, 296f
SEH, 293–294, 293f, 294f

for thoracic fractures, 246, 246f
leptom eningeal cyst

closing, 469
general surgical principles, 460
indicat ions for surgery, 458
operat ive procedure, 462

bony defect  repair, 468, 468f
craniotomy, 466, 466f
dural defect  closure, 467, 467f
incision , 464, 464f
posit ioning, 463, 463f
subcutaneous dissect ion , 465, 465f

postoperat ive m anagem ent
m onitor ing, 469
radiographic im aging, 469, 469f
wound m anagem ent , 469

preprocedure considerat ions
anesthesia, 459–460
operat ive  eld  preparat ion , 460
radiographic im aging, 459, 459f

leptom eninges opening, for in t racranial m onitoring, 108, 108f

special considerat ions, 348
t ypes of, 330

int racranial penet rat ing TCVI
indicat ions for surgery, 136
m anagem ent , 142, 144, 144f

algorithm  for, 143f
postoperat ive m anagem ent

m edicat ion , 151
m onitoring, 151
radiographic im aging, 151

preprocedure considerat ions, 137
special considerat ions, 151

int racranial pressure (ICP) m onitoring
closure, 116
indicat ions for, 101, 458
m onitor placem ent operat ive procedure

bolt-t ype m onitor variat ion , 107, 107f
catheter tunnelling and securing, 110, 110f
EVD variat ion , 109, 109f
in t raparenchym al probe variat ion , 111, 111f
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
skin  incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

pediat ric, 458, 459
postoperat ive m anagem ent

further m anagem ent , 116
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116, 117f

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118
invasive neurom onitoring

closure, 116
indicat ions for, 101, 458
int racranial m onitor placem ent  operat ive procedure

bolt-t ype m onitor variat ion , 107, 107f
brain  t issue oxygen m onitor variat ion , 112
catheter tunnelling and securing, 110, 110f
cerebral blood  ow  m onitor variat ion , 112
EVD variat ion , 109, 109f
in t raparenchym al probe variat ion , 111, 111f
m icrodialysis catheter variat ion , 112
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
skin  incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

pediat ric, 458, 459
postoperat ive m anagem ent

further m anagem ent , 116–118
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116, 117f

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102

int racranial infect ion  (cont inued)
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skin incision , 105, 105f
tw ist  drill craniostomy, 106, 106f

pediat ric, 458, 459
postoperat ive m anagem ent

further m anagem ent , 117–118
m edicat ion , 116
m onitoring, 116
radiographic im aging, 116

preprocedure considerat ions
coagulat ion  param eters, 101
equipm ent  availabilit y, 102
m edicat ion , 102
operat ive  eld preparat ion , 102, 102f–103f
radiographic im aging, 101

special considerat ions, 118
m iddle cerebral ar tery (MCA), t raum at ic aneurysm  of, 136
m idline suboccipital craniectomy, for infratentorial ICH

craniectomy, 323–324, 323f–324f
dural opening, 325, 325f
hem atom a evacuat ion , 326, 326f
posit ioning, 321, 321f
skin incision  and subcutaneous dissect ion , 322, 322f

m odi ed pterional surgical approach, for cerebral contusions, 34
addressing of contusion, 49, 49f
anterior tem poral lobectomy, 50, 50f
bur hole placem ent , 46, 46f
closing, 51
craniotomy, 47, 47f
dural opening, 48, 48f
posit ioning, 43, 43f
skin incision , 44, 44f
subcutaneous dissect ion , 45, 45f

m onitoring. See invasive neurom onitoring
MRA. See m agnet ic resonance angiogram
MRI. See m agnet ic resonance im aging

N
neck, zones of, 138, 141f
neck t raum a

blunt TCVI. See ext racranial blunt TCVI
penetrat ing TCVI. See ext racranial penet rat ing TCVI

neurologic exam inat ion , for spinal fractures, 238
neurom onitoring. See invasive neurom onitoring
neurovascular injury, t raum at ic. See t raum at ic 

cerebrovascular injury

O
occipital decom pressive hem icraniectomy. See 

frontotem poroparietal decom pressive hem icraniectomy
occipitocervical ar throdesis, 470, 473

bone graft , 478, 478f
 xat ion  points and rod and w ire preparat ion , 477, 477f
posit ioning and preparat ion , 474, 474f
skin  incision , 475, 475f
subcutaneous dissect ion , 476, 476f

occipitocervical  xat ion , for pediat r ic cervical spine injury
arthrodesis. See occipitocervical ar throdesis
C1 lateral m ass screws, 479, 479f
C2 pars screw, 480
C2 pedicle screw, 480, 480f
C2 t ranslam inar screw, 481, 481f
plate, 479

lobectomy, for cerebral contusion
anterior frontal, 42, 42f
anterior tem poral, 50, 50f

lumbar epidural spinal cord compression, surgical approaches to, 291

M
Magerl technique. See C1-C2 t ransart icular screw
m agnet ic resonance angiogram  (MRA), TCVI, 136–137, 136f
m agnet ic resonance im aging (MRI)

cauda equina syndrom e, 302, 303f
cerebellar st roke or hem orrhage or suboccipital t raum a, 

73–74, 75f
cervical burst  fractures, 201, 202f
cervical facet  dislocat ion , 215
closed spinal t ract ion , 170
com bat-associated penet rat ing spine injury, 402
CSDH, 17, 18t
decom pressive craniectomy, 54
intracranial infect ion , 331, 332f, 347, 347f
pediat ric TBI, 459
pituitary apoplexy, 370, 372f
spinal epidural com pression, 288, 289f
surgical debridem ent of penetrat ing head injuries, 120
thoracic fractures, 239
thoracolum bar fractures, 267
ventricular shunt m alfunct ion , 350, 350f

MCA. See m iddle cerebral ar tery
m etastat ic epidural spinal cord com pression (MESCC)

anesthesia, 289–290
closure, 300
et iologies of, 287
incidence of, 286
indicat ions for surgery, 288
pathophysiology of, 287
posterior and posterolateral posit ioning and incision , 292, 292f
postoperat ive m anagem ent

adjuvant  t reatm ents, 300
m edicat ion , 300
m onitoring, 300
radiographic im aging, 300

preprocedure considerat ions
m edicat ion , 288
radiographic im aging, 288, 289f, 290f

presentat ion  of, 287
special considerat ions, 300–301
surgical approaches

anter ior, 291
general principles, 290–291
posterior, 291

transpedicular approach operat ive procedure
lam inectomy, 297, 297f
lateral and vent ral tum or rem oval, 299, 299f
pediculectomy, 298, 298f

m ethylprednisolone, for SCI, 215, 267, 302
m icrodialysis catheter m onitoring

closure, 116
indicat ions for, 101, 458
operat ive procedure

bolt-t ype m onitor variat ion , 107, 107f
m icrodialysis catheter variat ion , 112
opening of dura and leptom eninges, 108, 108f
posit ioning, 104, 104f
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postoperat ive m anagem ent , 489, 489f
preprocedure considerat ions

m edicat ion , 471
operat ive  eld  and em ergency room  m anagem ent , 470–471, 

471f
radiographic im aging, 471, 472f
surgical t im ing, 471

special considerat ions, 490
subaxial cervical posterior ar throdesis for, 470, 487

interspinous w iring ar throdesis, 487, 487f
posterior ar throdesis w ith  lateral m ass screw   xat ion, 488, 

488f
pediat r ic TBI

closing, 469
general surgical principles, 460
indicat ions for surgery, 458
operat ive procedures

craniotomy, 461
decom pressive craniectomy, 461–462
depressed skull fracture surgery, 461
EVD, 460–461
grow ing skull fracture repair. See grow ing skull fracture 

repair
ICP and other parenchym al brain  m onitors, 460

postoperat ive m anagem ent
m onitoring, 469
radiographic im aging, 469, 469f
wound m anagem ent , 469

preprocedure considerat ions
anesthesia, 459–460
operat ive  eld  preparat ion , 460
radiographic im aging, 459, 459f

pedicle cannulat ion , for thoracolum bar fractures, 272–273, 272f
pedicle screws

for occipitocervical  xat ion , 480, 480f
for thoracic fractures

posterior decom pression, 248–249, 248f, 249f
t ranspedicular corpectomy, 256, 256f

for thoracolum bar fractures
open posterior decom pression, 274, 274f
percutaneous posterior decom pression, 282, 282f

pediculectomy, for spinal epidural com pression, 298, 298f
PEEK. See polyetheretherketone
penet rat ing head injuries, 119

com bat-associated. See com bat  cranial operat ions
surgical debridem ent  for. See surgical debridem ent  of 

penetrat ing head injuries
TCVI. See in t racranial penet rat ing TCVI

penetrat ing neck injuries, TCVI. See ext racranial penetrat ing TCVI
penetrat ing spine injuries, com bat-associated. See com bat-

associated penet rat ing spine injury
percutaneous posterior spinal decom pression, for thoracolum bar 

fractures
bone t rephine needle placem ent , 278–279, 278f
closure, 284
facet  fusion, 281, 281f
guidew ire placem ent , 280, 280f
posit ioning and pedicle target ing, 277, 277f
rod placem ent  and deform ity correct ion , 283, 283f
screw  placem ent , 282, 282f

perforat ing head injuries, 119

occlusion, t raum at ic vascular. See vascular occlusion
odontoid fractures

C1-C2 lateral m ass fusion w ith  polyaxial screws and rods 
operat ive procedure

C1 screw  t rajectory and placem ent , 193, 193f
C2 screw  t rajectory and placem ent , 194, 194f
closing, 195
 nal const ruct , 195, 195f
posit ioning and surgical site preparat ion , 191, 191f
t issue dissect ion  and exposure, 192, 192f

C1-C2 t ransart icular screw  operat ive procedure
closing, 190
 nal const ruct , 190, 190f
posit ioning, 186, 186f
screw  t rajectory and placem ent , 189, 189f
surgical site preparat ion , 187, 187f
t issue dissect ion  and exposure, 188, 188f

indicat ions for surgery, 179
odontoid screw  operat ive procedure

cervical dissect ion  and entry site preparat ion , 182–183, 
182f–183f

closing, 185
com pleted const ruct , 185, 185f
posit ioning, 181, 181f
screw  t rajectory and placem ent , 184, 184f

postoperat ive m anagem ent
m edicat ion , 185, 190, 195
m onitoring, 185, 190, 195

preprocedure considerat ions
m edicat ion , 179
radiographic im aging, 179, 180f

special considerat ions, 195–196
open cranial fractures, 90, 99
orthoses

for cervical spine injur ies, 490
for thoracic fractures, 238

P
parenchym al brain  m onitors. See invasive neurom onitoring
parenchym al injury, penet rat ing head injuries w ith , 128–129, 

128f–129f
pediat ric cervical spine injury

anesthesia, 472
at lantoaxial ar throdesis, 470, 482

Brooks and Jenkins technique, 482, 482f
Gallie technique, 483, 483f
Harm s posterior C1-C2 fusion w ith  polyaxial screw  and rod 

 xat ion , 486, 486f
poster ior C1-C2 t ransart icular screw   xat ion , 484–485, 484f

closing, 489
indicat ions for surgery, 470, 473, 482, 487
occipitocervical  xat ion

ar throdesis. See occipitocervical ar throdesis
C1 lateral m ass screws, 479, 479f
C2 pars screw, 480
C2 pedicle screw, 480, 480f
C2 t ranslam inar screw, 481, 481f
plate, 479

posit ioning based on approach
anterior cervical, 472–473
posterior cervical, 473
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rod placem ent , 223, 223f
screw  placem ent , 222, 222f
subcutaneous dissect ion , 218–219, 218f, 219f

pseudoaneurysm , 133
PSI. See com bat-associated penet rat ing spine injury

R
radiographic im aging

alloplast ic cranioplasty
postoperat ive, 442
preprocedure, 424–425

bone  ap replacem ent
postoperat ive, 422, 422f
preprocedure, 412, 412f

cauda equina syndrom e, preprocedure, 302, 303f
cerebellar st roke or hem orrhage

postoperat ive, 88f, 89
preoperat ive, 73–74, 75f

cerebral contusions
postoperat ive, 51, 51f
preoperat ive, 33, 33f

cervical burst  fractures
postoperat ive, 212, 212f
preprocedure, 201, 202f

cervical facet  dislocat ion
postoperat ive, 234, 235f
preprocedure, 215

chronic subdural hem atom a
postoperat ive, 30, 30f, 31f
preoperat ive, 16–17, 17f, 18f, 18t

closed spinal t ract ion
postoperat ive, 176f, 177
preprocedure, 170, 171f

com bat-associated penetrat ing spine injury, preprocedure, 402
com bat  cranial operat ions

postoperat ive, 396, 396f
preprocedure, 386, 387f

decom pressive craniectomy
postoperat ive, 70, 71f
preoperat ive, 53–54, 54f

depressed skull fracture elevat ion
postoperat ive, 99, 99f
preoperat ive, 90, 91f

epidural or subdural hem atom a
postoperat ive, 14, 15f
preoperat ive, 2, 3f

frontal sinus injuries
postoperat ive, 456
preprocedure, 444, 445f

grow ing skull fracture repair
postoperat ive, 469, 469f
preprocedure, 459, 459f

ICH
postoperat ive, 327, 327f, 328f
preprocedure, 312, 312f, 313f, 320, 320f

in t racranial infect ion
postoperat ive, 347, 347f
preprocedure, 331, 332f

invasive neurom onitoring
postoperat ive, 116, 117f
preprocedure, 101

pericallosal branch aneurysm s, 135
pericranial  ap

elevat ion  and rotat ion  of, 453, 453f
harvest  of, 337, 337f

pericranial graft , for com bat injuries, 395, 395f
pet rocavernous segm ent  aneurysm s, 135
pituitary apoplexy

indicat ions for surgery, 370
operat ive procedure

abdom inal fat  graft , 383, 383f
draping and operat ing m icroscope, 375, 375f
dural incision  and pituitary tum or resect ion , 

380, 380f
 uoroscopy, 373–374, 373f, 374f
hem ostasis and closure, 382, 382f
m ucosal  ap, 376, 376f
posit ioning, 373, 373f
sella exposure, 378–379, 378f–379f
sella  oor reconstruct ion , 381, 381f
sphenoid bone ident i cat ion , 377, 377f

postoperat ive m anagem ent , 384
preprocedure considerat ions

m edicat ion , 371
operat ive  eld preparat ion , 371
radiographic im aging, 370, 371f, 372f

special considerat ions, 384
PMMA. See polym ethylm ethacrylate
polyetheretherketone (PEEK), for alloplast ic cranioplasty, 436f, 

439, 442–443
polym ethylm ethacrylate (PMMA), for alloplast ic cranioplasty, 

438f, 439, 442
porous polyethylene, for alloplast ic cranioplasty, 436f, 439, 

442–443, 442f
posterior spinal decom pression

for thoracic fractures, 241f, 242f
lam inectomy, 246, 246f
ligam ent  rem oval, 247, 247f
pedicle screw  entry point , 248, 248f
pedicle screw  placem ent , 249, 249f
posit ioning and localizat ion , 243, 243f
rod placem ent , 250, 250f
skin , subcutaneous, and subperiosteal dissect ion , 244, 244f
spinous process rem oval, 245, 245f

for thoracolum bar fractures
bone graft ing, 276, 276f
closure, 284
decom pression, 271, 271f
exposure, 270, 270f
facetectomy and pedicle cannulat ion , 272–273, 272f
percutaneous. See percutaneous posterior spinal 

decom pression
posit ioning, 269, 269f
rod placem ent , 275, 275f
tapping and screw  placem ent , 274, 274f

posterior spinal fusion, 216f
operat ive procedure

closing, 225
decom pression and reduct ion , 220, 220f
fusion preparat ion , 221, 221f
posit ioning, 217, 217f
posterolateral fusion, 224, 224f
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shunt  tap, for VS m alfunct ion , 350
sinking scalp  ap syndrom e, 71
sinus injur ies

frontal. See frontal sinus injuries
venous. See venous sinus injuries

sinus interposit ion  graft
of anterior one-th ird superior sagit tal sinus, 161, 161f
of posterior two-th irds superior sagit tal sinus, torcular 

herophili, and dom inant t ransverse sinus, 167
sinus ligat ion , of anter ior one-th ird superior sagit tal sinus, 159, 

159f
sinus m ucosa, burning of, for frontal sinus surgery, 451, 451f
sinus patch

of anterior one-th ird superior sagit tal sinus, 160, 160f
of posterior two-th irds superior sagit tal sinus, torcular 

herophili, and dom inant t ransverse sinus, 166, 166f
sinus repair, after depressed skull fracture elevat ion , 97, 97f
sinus stenosis, after venous sinus injury, 168
sinus throm bosis, after venous sinus injury, 168
SjVO2 m onitoring. See jugular venous saturat ion  m onitoring
skull base reconstruct ion , for com bat injur ies, 395, 395f
skull fractures

depressed. See depressed skull fracture elevat ion
grow ing. See grow ing skull fracture repair

SLIC guidelines, 197, 197t
sphenoid bone, ident i cat ion  of, 377, 377f
spinal cord, anatomy of, 237
spinal cord injuries w ithout radiographic abnorm alit y 

(SCIWORA), 470, 490
spinal cord injury (SCI)

com bat-associated, 398, 400f, 401f
neurologic exam inat ion, 238
pediat r ic, 470
steroids for, 215, 239, 267, 302, 471

spinal decom pression
com bat-associated penet rat ing spine injury, 408, 408f
posterior. See poster ior spinal decompression

spinal epidural abscess (SEA)
anesthesia, 289–290
closure, 300
et iologies of, 286
incidence of, 286
indicat ions for surgery, 288
lum bar lam inectomy operat ive procedure

lam inectomy, 295, 295f
nerve root ret ract ion  and abscess rem oval, 296, 296f

pathophysiology of, 287
posterior and posterolateral posit ioning and incision, 292, 292f
postoperat ive m anagem ent

adjuvant  t reatm ents, 300
m edicat ion , 300
m onitor ing, 300
radiographic im aging, 300

preprocedure considerat ions
m edicat ion , 288
radiographic im aging, 288, 289f, 290f

presentat ion  of, 287
special considerat ions, 300
surgical approaches

anterior, 291
general pr inciples, 290–291
posterior, 291

odontoid fractures, preprocedure, 179, 180f
pediat ric cervical spine injury

postoperat ive, 489, 489f
preprocedure, 471, 472f

pediat ric TBI, preprocedure, 459, 459f
pituitary apoplexy, preprocedure, 370, 371f, 372f
SjVO2 m onitor posit ion  veri cat ion , 115, 115f
spinal epidural com pression

postoperat ive, 300
preprocedure, 288, 289f, 290f

suboccipital t raum a
postoperat ive, 88f, 89
preoperat ive, 73–74, 75f

surgical debridem ent  of penetrat ing head injuries
postoperat ive, 131, 131f
preoperat ive, 120, 121f

t raum at ic cerebrovascular injury (TCVI)
postoperat ive, 151
preoperat ive, 136–137, 136f

thoracic fractures
postoperat ive, 262, 262f, 263f
preprocedure, 238–239

thoracolum bar fractures
postoperat ive, 284, 284f
preprocedure, 267, 267f

t raum at ic CSF rhinorrhea repair
postoperat ive, 456
preprocedure, 444, 445f

venous sinus injuries
postoperat ive, 168, 168f
preoperat ive, 153, 154f

vent ricular shunt  m alfunct ion
postoperat ive, 368, 368f
preprocedure, 350, 350f, 351f

reperfusion, of TCVI, 137–138
rib head t rap door osteotomy, for thoracic fractures, 255, 255f
r ibs, anatomy of, 237

S
SCI. See spinal cord injury
SCIWORA. See spinal cord injuries w ithout  radiographic 

abnorm alit y
SDH. See subdural hem atom a
SEA. See spinal epidural abscess
SEH. See spinal epidural hem atom a
sella

exposure of, 378–379, 378f–379f
reconstruct ion  of, 381, 381f

shuntogram , for VS m alfunct ion , 350–351
shunt  revision , for VS m alfunct ion

distal catheter revision , 360–364, 360f, 361f, 362f, 363f, 364f
externalizing of distal catheter, 366, 366f
posit ioning and preparat ion, 353, 353f
skin  incision  and wound dissect ion , 354–355, 354f–355f
valve and distal catheter evaluat ion , 359, 359f
vent ricular catheter placem ent , 358, 358f
vent ricular catheter placem ent  and tunnelling for external 

drainage, 365, 365f
vent ricular catheter reservoir evaluat ion , 356, 356f
vent ricular catheter revision , 357, 357f
wound closure, 365, 367, 367f

radiographic im aging (cont inued)
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dural opening, 341, 341f
em pyem a rem oval, 342, 342f
incision , 336, 336f
pericranial  ap harvest , 337, 337f
posit ioning, 334–335, 334f–335f
tem poralis division  and bur hole placem ent , 338, 338f

postoperat ive m anagem ent
further m anagem ent , 348
m edicat ion , 347
m onitoring, 347
radiographic im aging, 347, 347f

preprocedure considerat ions
m edicat ion , 333
operat ive  eld preparat ion , 333
radiographic im aging, 331, 332f

special considerat ions, 348
subdural hem atom a (SDH)

chronic. See chronic subdural hem atom a
indicat ions for surgery, 2, 458
operat ive procedure

bone  ap replacem ent , 12, 12f
closing, 14
craniotomy, 7, 7f
drain  placem ent , 13, 13f
dural closure, 11, 11f
dural opening, 9, 9f
hem atom a evacuat ion , 10, 10f
posit ioning, 4, 4f
skin incision , 5, 5f
subcutaneous dissect ion , 6, 6f

pediat ric, 458, 460
penetrat ing head injuries w ith , 129
postoperat ive m anagem ent

m edicat ion , 14
m onitoring, 14
radiographic im aging, 14, 15f

preprocedure considerat ions
m edicat ion , 2
operat ive  eld preparat ion , 2
radiographic im aging, 2, 3f

special considerat ions, 15
suboccipital t raum a

closing, 88
indicat ions for surgery, 73
operat ive procedure

bony exposure, 79, 79f
bur hole placem ent , 80, 80f
craniectomy, 81, 81f
decom pression of infarcted brain , 85, 85f
dural closure, 87, 87f
dural opening, 83, 83f
epidural hem atom a evacuat ion , 82, 82f
hem ostasis, 86, 86f
in t racerebellar hem atom a evacuat ion , 84, 84f
posit ioning, 76, 76f
skin incision , 77, 77f
subcutaneous dissect ion , 78, 78f

postoperat ive m anagem ent
m edicat ion , 89
m onitoring, 89
radiographic im aging, 88f, 89
ventr iculostomy, 88

spinal epidural com pression, m etastat ic. See m etastat ic epidural 
spinal cord com pression

spinal epidural hem atom a (SEH)
anesthesia, 289–290
closure, 300
et iologies of, 286
incidence of, 286
indicat ions for surgery, 287
pathophysiology of, 287
posterior and posterolateral posit ioning and incision , 292, 292f
postoperat ive m anagem ent

adjuvant  t reatm ents, 300
m edicat ion , 300
m onitoring, 300
radiographic im aging, 300

preprocedure considerat ions
m edicat ion , 288
radiographic im aging, 288, 289f, 290f

presentat ion  of, 287
special considerat ions, 300
surgical approaches

anterior, 291
general principles, 290–291
posterior, 291

thoracic lam inectomy operat ive procedure
hem atom a rem oval, 294, 294f
lam inectomy, 293, 293f

spinal fractures
cervical. See cervical burst  fractures
thoracic. See thoracic fractures
thoracolum bar. See thoracolum bar fractures

spinal fusion
anterior. See an terior spinal fusion
posterior. See posterior spinal fusion

spinal injury
com bat-associated. See com bat-associated penet rat ing spine 

injury
pediat ric. See pediat ric cervical spine injury

spinal t ract ion , closed. See closed spinal t ract ion
spinous process rem oval, for thoracic fractures, 245, 245f
stent ing

of ext racranial blunt  TCVI, 137–138, 139f
of ext racranial penetrat ing TCVI, 138, 141f

steroids
for CSDH, 31
for in t racranial infect ion , 333
for SCI, 215, 239, 267, 302, 471

st roke
cerebellar. See cerebellar st roke or hem orrhage
decom pressive craniectomy for. See decom pressive 

craniectomy
spontaneous ICH causing. See in t racerebral hem orrhage

subaxial cervical posterior ar throdesis, 470, 487
interspinous w ir ing ar throdesis, 487, 487f
posterior ar throdesis w ith  lateral m ass screw   xat ion , 488, 

488f
subdural em pyem a, 330

closure, 347
indicat ions for surgery, 331
operat ive procedure

bone  ap elevat ion , 339, 339f
dural closure, 344, 344f
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craniotomy, 126, 126f
dural opening, 127, 127f
duraplasty, 130, 130f
incision  planning, 123, 123f
posit ioning, 122, 122f
subcutaneous dissect ion , 124, 124f

postoperat ive m anagem ent
m edicat ion , 131
m onitoring, 131
radiographic im aging, 131, 131f

preprocedure considerat ions
general, 120
m edicat ion , 120
operat ive  eld  preparat ion , 120–121
radiographic im aging, 120, 121f

special considerat ions, 132
syndrom e of the t rephined, 71

T
tam ponade, for venous sinus injuries

anterior one-th ird superior sagit tal sinus, 158, 158f
posterior two-th irds superior sagit tal sinus, torcular herophili, 

and dom inant t ransverse sinus, 165
TBI. See t raum at ic brain  injury
TCLIS. See Thoracolum bar Injury Classi cat ion  and Severit y Score
TCVI. See t raum at ic cerebrovascular injury
tem poralis

dissect ion  of, for alloplast ic cranioplasty, 433–434, 433f–434f
t ransposit ion  of

for alloplast ic cranioplasty, 441, 441f
for bone  ap replacem ent , 420, 420f

tem poral lobe contusion. See cerebral contusions
tem poral lobectomy, for cerebral contusion, 50, 50f
thoracic epidural spinal cord com pression, surgical approaches 

to, 291
thoracic fractures

closure, 262
evaluat ion  and diagnosis, 237

neurologic exam inat ion , 238
physical spine exam inat ion , 238

indicat ions for conservat ive m anagem ent , 238
indicat ions for surgical m anagem ent , 237–238
operat ive procedure select ion  guidelines, 239
posterior decom pression operat ive procedure, 241f, 242f

lam inectomy, 246, 246f
ligam ent  rem oval, 247, 247f
pedicle screw  ent ry point , 248, 248f
pedicle screw  placem ent , 249, 249f
posit ioning and localizat ion , 243, 243f
rod placem ent , 250, 250f
skin , subcutaneous, and subperiosteal dissect ion , 244, 244f
spinous process rem oval, 245, 245f

postoperat ive m anagem ent
m edicat ion , 262
m onitoring, 262
radiographic im aging, 262, 262f, 263f

preprocedure considerat ions
m edicat ion , 239
operat ive  eld  preparat ion , 239–240
radiographic im aging, 238–239

special considerat ions, 264

preprocedure considerat ions
m edicat ion , 74
operat ive  eld preparat ion , 74
posit ioning, 74
radiographic im aging, 73–74, 75f
vent riculostomy, 74, 77, 77f

superior sagit tal sinus injuries
anterior one-th ird operat ive procedure

craniotomy, 157, 157f
general considerat ions, 154
posit ioning, 155, 155f
sinus in terposit ion  graft , 161, 161f
sinus ligat ion , 159, 159f
sinus patch , 160, 160f
skin  incision , 156, 156f
tam ponade, 158, 158f

closing, 165
depressed skull fracture elevat ion  w ith , 97, 97f
indicat ions for surgery, 153
poster ior two-thirds operat ive procedure

craniotomy, 164, 164f
direct  repair, 165, 165f
general considerat ions, 154
posit ioning, 162, 162f
sinus in terposit ion  graft , 167
sinus patch , 166, 166f
skin  incision , 163, 163f
tam ponade, 165

postoperat ive m anagem ent
m edicat ion , 168
m onitoring, 168
radiographic im aging, 168, 168f

preprocedure considerat ions
m edicat ion , 153
operat ive  eld preparat ion , 153–154
radiographic im aging, 153, 154f

special considerat ions, 168
suppurat ive in t racranial throm bophlebit is, 348
supratentorial ICH

closing, 320
frontal craniotomy operat ive procedure

craniotomy, 316, 316f
dural opening, 317, 317f
hem atom a evacuat ion , 318–319, 318f, 319f
posit ioning and skin  incision , 314, 314f
subcutaneous dissect ion , 315, 315f

indicat ions for surgery, 312
postoperat ive m anagem ent , 327, 327f, 328f
preprocedure considerat ions

in it ial m anagem ent , 313
m edicat ion , 313
operat ive  eld preparat ion , 313
radiographic im aging, 312, 312f, 313f

special considerat ions, 327–329
surgical debridem ent  of penetrat ing head injuries

closing, 131
indicat ions for, 119–120
operat ive procedure

approach to parenchym al injury, 128–129, 128f–129f
bur hole placem ent , 125, 125f

suboccipital t raum a (cont inued)
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sinus patch , 166, 166f
skin incision , 163, 163f
tam ponade, 165

postoperat ive m anagem ent
m edicat ion , 168
m onitoring, 168
radiographic im aging, 168, 168f

preprocedure considerat ions
m edicat ion , 153
operat ive  eld preparat ion , 153–154
radiographic im aging, 153, 154f

special considerat ions, 168
t ranexam ic acid, for CSDH, 16, 31
t ranspedicular approach for m etastat ic disease

lam inectomy, 297, 297f
lateral and vent ral tum or rem oval, 299, 299f
pediculectomy, 298, 298f

t ranspedicular corpectomy, for thoracic fractures, 251f
corpectomy and diskectomy, 254, 254f
drilling, 253, 253f
pedicle screws, 256, 256f
rem oval of facet  com plex, 252, 252f
r ib head t rap door osteotomy, 255, 255f

t ransthoracic vertebrectomy, for thoracic fractures, 257f
dissect ion , 259, 259f
fusion and inst rum entat ion , 261, 261f
posit ioning and approach planning, 258, 258f
vertebrectomy, 260, 260f

t raum a, suboccipital. See suboccipital t raum a
traum at ic brain  injury (TBI)

decom pressive craniectomy for. See decom pressive 
craniectomy

invasive neurom onitoring for, 101, 116–118
pediat ric. See pediat ric TBI
penet rat ing. See penet rat ing head injuries

t raum at ic cerebrovascular injury (TCVI)
indicat ions for surgery, 133–136, 133t , 134f, 135f
m anagem ent

extracranial blunt , 137–138, 138f, 139f
extracranial penetrat ing. See ext racranial penet rat ing TCVI
intracranial blunt , 142, 142f, 143f
in t racranial penetrat ing, 142, 143f, 144, 144f

postoperat ive m anagem ent
m edicat ion , 151
m onitoring, 151
radiographic im aging, 151

preprocedure considerat ions, radiographic im aging, 136–137, 
136f

special considerat ions, 151
traum at ic CSF rhinorrhea repair

closing, 456
indicat ions for, 444
operat ive procedure

bicoronal incision , 446, 446f
cranial bone  ap replacem ent , 455, 455f
 br in  sealant  applicat ion , 454, 454f
fragm ent rem oval and cataloguing, 448, 448f
frontonasal duct packing, 452, 452f
frontonasal duct patency con rm at ion , 449, 449f
pericranial  ap elevat ion  and rotat ion, 453, 453f
posterior table rem oval, 450, 450f

surgical approaches
anterior, 240
posterior, 240
posterolateral, 240

transpedicular corpectomy operat ive procedure, 251f
corpectomy and diskectomy, 254, 254f
drilling, 253, 253f
pedicle screws, 256, 256f
rem oval of facet  com plex, 252, 252f
r ib head t rap door osteotomy, 255, 255f

t ransthoracic ver tebrectomy operat ive procedure, 257f
dissect ion , 259, 259f
fusion and inst rum entat ion , 261, 261f
posit ioning and approach planning, 258, 258f
vertebrectomy, 260, 260f

thoracic spine, anatomy of, 237
thoracolum bar fractures

classi cat ion , 266–267, 267t
indicat ions for surgery, 267
open operat ive procedure

bone graft ing, 276, 276f
closure, 284
decom pression, 271, 271f
exposure, 270, 270f
facetectomy and pedicle cannulat ion , 272–273, 272f
posit ioning, 269, 269f
rod placem ent , 275, 275f
tapping and screw  placem ent , 274, 274f

percutaneous operat ive procedure
bone t rephine needle placem ent , 278–279, 278f
closure, 284
facet  fusion, 281, 281f
guidew ire placem ent , 280, 280f
posit ioning and pedicle target ing, 277, 277f
rod placem ent  and deform ity correct ion , 283, 283f
screw  placem ent , 282, 282f

postoperat ive m anagem ent
m edicat ion , 284
m onitoring, 284
radiographic im aging, 284, 284f

preprocedure considerat ions
m edicat ion , 267
operat ive  eld preparat ion , 268
radiographic im aging, 267, 267f
surgical m anagem ent , 267–268

special considerat ions, 284
Thoracolum bar Injury Classi cat ion  and Severit y Score (TCLIS), 

266–267, 267t
thoracoscopy, for thoracic fractures, 240
thoracotomy, for thoracic fractures, 240
t itanium  m esh, for alloplast ic cranioplasty, 437f, 439, 442–443
t itanium  plate, for alloplast ic cranioplasty, 437f, 439, 442–443
torcular herophili injur ies

closing, 165
indicat ions for surgery, 153
operat ive procedure

craniotomy, 164, 164f
direct  repair, 165, 165f
general considerat ions, 154
posit ioning, 162, 162f
sinus in terposit ion  graft , 167
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postoperat ive m anagem ent
m edicat ion , 168
m onitoring, 168
radiographic im aging, 168, 168f

preprocedure considerat ions
m edicat ion , 153
operat ive  eld  preparat ion , 153–154
radiographic im aging, 153, 154f

special considerat ions, 168
vent ricular drainage. See external ventricular drain
vent ricular shunt  (VS) m alfunct ion

indicat ions for surgery, 349, 350f
postoperat ive m anagem ent , 368, 368f
preprocedure considerat ions

diagnost ic im aging, 350, 350f, 351f
invasive diagnost ic procedures, 350–351
m edicat ion , 351
operat ive  eld  preparat ion , 351, 352f

shunt  revision  operat ive procedure
distal catheter revision , 360–364, 360f, 361f, 362f,
363f, 364f
externalizing of distal catheter, 366, 366f
posit ioning and preparat ion , 353, 353f
skin  incision  and wound dissect ion , 354–355, 354f–355f
valve and distal catheter evaluat ion , 359, 359f
vent ricular catheter placem ent , 358, 358f
vent ricular catheter placem ent  and tunnelling for external 

drainage, 365, 365f
vent ricular catheter reservoir evaluat ion , 356, 356f
vent ricular catheter revision , 357, 357f
wound closure, 365, 367, 367f

special considerat ions, 368
vent riculostomy, for cerebellar st roke or hem orrhage or 

suboccipital t raum a
postoperat ive, 88
presurgical, 74, 77, 77f

ver tebral ar tery injury (VAI)
cervical facet  dislocat ion  w ith , 234
traum at ic, 133–135, 138, 143f

ver tebral body (VB), anatomy of, 237
ver tebrectom y, t ran st h oracic. See t ran st h oracic 

ver tebrectom y
VS m alfunct ion . See vent ricular shunt  m alfunct ion

W
warfarin , for TCVI, 137

X
X-ray

cervical burst  fractures, 201
cervical facet  dislocat ion , 215, 234, 235f
closed spinal t ract ion , 176f, 177
com bat-associated penet rat ing spine injury, 402
CSDH, 16
pediat r ic cervical spine injury, 471, 472f, 489, 489f
pediat r ic TBI, 459
SjVO2 m onitor posit ion  veri cat ion , 115, 115f
thoracic fractures, 238–239, 262, 262f, 263f
thoracolum bar fractures, 267, 284, 284f
vent ricular shunt  m alfunct ion , 350, 351f, 368

sinus m ucosa burning, 451, 451f
subperiosteal dissect ion , 447, 447f

postoperat ive m anagem ent , 456
preprocedure considerat ions, 444, 445f
special considerat ions, 456

tum or resect ion
pituitary tum ors, 380, 380f
spinal tum ors, 299, 299f

tw ist  drill craniostomy
for CSDH

catheter placem ent , 28, 28f
closing, 29, 29f
drilling, 27, 27f
posit ioning, 26, 26f
postoperat ive m anagem ent , 29, 30f
skin  incision , 26, 26f

for in t racranial m onitoring, 106, 106f

U
unilateral craniectomy, for alloplast ic cranioplasty

craniectomy site preparat ion , 435, 435f
implant t ypes, 436f–438f, 439
posit ioning, 427, 427f
skin  incision , 429, 429f
subcutaneous dissect ion , 430–432, 430f, 431f–432f
tem poral defect  repair, 440, 440f
tem poralis m uscle dissect ion , 433–434, 433f–434f
tem poralis t ransposit ion , 441, 441f

V
VAI. See ver tebral ar tery injury
vascular occlusion, t raum at ic

endovascular m anagem ent of, 137, 139f
indicat ions for surgery, 133–134

VB. See ver tebral body
venous air em bolism , venous sinus injuries w ith , 153
venous sinus injuries

anterior one-th ird superior sagit tal sinus operat ive procedure
craniotomy, 157, 157f
general considerat ions, 154
posit ioning, 155, 155f
sinus in terposit ion  graft , 161, 161f
sinus ligat ion , 159, 159f
sinus patch , 160, 160f
skin  incision , 156, 156f
tam ponade, 158, 158f

closing, 165
depressed skull fractures causing, 90, 99
indicat ions for surgery, 153
poster ior two-th irds superior sagit tal sinus, torcular herophili, 

and dom inant t ransverse sinus operat ive procedure
craniotomy, 164, 164f
direct  repair, 165, 165f
general considerat ions, 154
posit ioning, 162, 162f
sinus in terposit ion  graft , 167
sinus patch , 166, 166f
skin  incision , 163, 163f
tam ponade, 165

t raum at ic CSF rhinorrhea repair (cont inued)
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