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Effect of Early Bilateral
Decompressive Craniectomy on
Outcome for Severe Traumatic
Brain Injury

Agir Kafa Travmasinda Erken Bilateral
Dekompresif Kraniektominin Sonuca
Etkisi

ABSTRACT

AIM: Debate continues as to whether decompressive craniectomy (DC) is an
effective treatment for severe traumatic brain injury (STBI). DC is mostly used as
a second tier treatment option. The aim of this study was determined whether
early bilateral DC is effective as a first tier treatment option in patients with STBL

MATERIAL and METHODS: The study compared two groups. Group 1
comprised 36 STBI patients for whom control of intracranial pressure (ICP) was
not achieved with conservative treatment methods according to radiological and
neurological findings. These patients underwent bilateral or unilateral DC as a
second tier treatment. Group 2 comprised 40 STBI patients who underwent early
bilateral DC as a first tier treatment.

RESULTS: Group 2 patients had a mean better outcome than Group lpatients,
especially for patients with a GCS 6-8. Postoperative ICP was lower in Group 2
patients than Group 1 patients.

CONCLUSION: This study indicates that early bilateral DC can be effective for
controlling ICP in STBI patients. It is likely the favorable outcome results for
Group 2 patients reflects the relatively short time between trauma and surgery.
Therefore, these data indicate early bilateral DC can be considered as a first tier
treatment in STBI patients.

KEYWORDS: Severe traumatic brain injury, Decompressive craniectomy,
Intracranial pressure

oz

AMAC: Dekompresif kraniektominin (DK) agir kafa travmasinda (AKT) etkin
bir tedavi yontemi olup, olmadig: tartismasi devam etmektedir. DK genelde
ikinci basamak tedavi segenegi olarak kullanilmaktadir.Bu calismanin amaci,
AKT hastalarda erken bilateral DK birinci basamak tedavi segenegi olarak
etkinligini belirlemektir.

YONTEM ve GEREC: Bu calismada iki grup karsilagtirildi. Grup 1, radyolojik ve
norolojik bulgulara gore konservatif tedavi metodlar: ile kafa ici basing (KIB)
kontrolu saglanamamig 36 AKT hasta icermekteydi. Bu hastalara ikinci basamak
tedavi segenegi olarak bilateral veya unilateral DK yapildi. Grup 2'de, 40 AKT
hastaya birinci basamak tedavi segenegi olarak erken bilateral DK yapildi.
BULGULAR: Grup 2'deki hastalarin iyilesme sonuglari, 6zellikle Glasgow koma
skalas1 6-8 olan hastalar belirgin olmak tizere grup 1den daha iyi olarak tespit
edildi. Postoperatif KIB grup 2 deki hastalarda grup 1 den daha diigtiktii.
SONUC: Bu c¢alisma, AKT hastalarda erken bilateral DK nin KIB kontrolii i¢in
etkin olabilecegini gostermektedir. Grup 2'deki hastalarin sonuglarinin istenilen
diizeylerde olmasi cerrahi ile travma arasindaki kisa intervalin iligkisini
yansitmaktadir. Bu veriler erken bilateral DC AKT olgularda birinci basamak
tedavi segenegi olarak diisiintilmelidir

ANAHTAR SOZCUKLER: Agir kafa travmasi, Dekompresif kraniektomi, Kafa
i¢i basing
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INTRODUCTION

Treatments for STBI patients are largely
inadequate. Mortality and morbidity rates for STBI
patients remain high despite improvements in
emergency care, imaging, critical care, medical and
surgical treatment options, and rehabilitation It may
be possible to achieve better outcomes with
modulations and developments in treatment
principles. In general, STBI patients are initially
treated with first tier standard medical treatment,
and second tier options such as high dose
barbiturate therapy, mild hypothermia, mild
hyperventilation and DC are used if this proves
ineffective in reducing intracranial pressure (ICP)
(10,18,20,21,25,26).

In the present study, we evaluated the effect of
early bilateral DC as a first tier treatment in STBI
patients.

MATERIAL and METHODS
Patients

The study involved 252 STBI patients (104 female
and 148 male) who were admitted to the Akdeniz
University School of Medicine between January 2003
and November 2008. All patients were assessed
according to age, gender, Glasgow Coma Score
(GCS), presence of systemic injury as Injury Severity
Score (ISS), timing for DC and Glasgow Outcome
Score (GOS).

Patient Selection

Patients were arranged into two groups. Group 1
contained 36 STBI patients treated between January
2003 and February 2006. Group 2 contained 40 STBI
patients treated between March 2006 and November
2008. The patient selection criterion for the study
was the initial GCS; GCS of 8 or below was regarded

as “ severe head injury” as evaluated after the
primary resuscitation in the emergency service.

The patients underwent unilateral or bilateral DC
(as a second tier treatment option) and included
those undergoing surgical decompression after
trauma due to intracranial hypertension with clinical
deterioration that had been resistant to
aforementioned medical therapies in group 1. Early
bilateral DC (as a first tier treatment option) was
performed on patients with opening ICP above 25
mm Hg in group 2.Both of groups were monitored
intraventricularly.

Patient Management

After hospital admission, all patients underwent
primary resuscitation and stabilization as well as
surgical therapy according to the European Brain
Injury  Consortium  (EBIC)-Guidelines  for
management of STBI (19).

All  patients underwent axial cranial
computerized tomography (CCT). CCT scans were
obtained at admission, before surgical
decompression, 24 hours after admission, after each
surgical intervention and before discharge.
Additional scans were obtained if necessary (e.g.,
due to increased ICP or neurological deterioration).

A ventricular catheter was inserted in all patients.
ICP values were monitored continuously and were
recorded before and after DC treatment. All patients
were positioned in a 30° head up position, sedated
initially with benzodiazepine and an opioid. All
patients were normovolemic with normal electrolyte
balance. Mannitol was administered as repeated
boluses (0.25-1g/kg of body weight) according to
serum osmolarity. Cerebrospinal fluid (CSF) was
drained via intraventricular catheter if the
ventricular pressure exceeded 20 mmHg. Barbiturate
therapy and hypothermia were not used. Same
medical therapy was performed for both groups.

For Group 1 patients, surgical treatment was
considered in cases of a large volume hyperdense
lesion as determined by CCT scan. The indications
were as follows: a) a thickness superior to 1 cm in
cases of acute subdural hematoma and a volume
superior to 30 ml in cases of intracerebral hematoma;
b) a deviation from the supratentorial midline > 5
mm with lateral ventricle compression; and c¢)
obliteration of mesencephalic cisterns. The
indication for DC also included appearance or
deterioration of diffuse unilateral or bilateral brain
swelling (according to CT scan) in correlation with
neurological deterioration; dilatation of pupil,
unresponsiveness to light, ICP increase to more than
30 mm Hg, and/or reduction in cerebral perfusion
pressure to less than 60 mm Hg for a period longer
than 15 minutes, and failure to respond to the
maximum medical treatment mentioned above.

For Group 2 patients, after primary resuscitation
and stabilization, early bilateral DC was performed
on patients with opening ICP above 25mm Hg.
Extracerebral clots were also evacuated.
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Exclusion Criteria

DC was not performed on patients with bilateral
dilated and fixed pupils, a GCS of 3, over 70 years
old, or with life-threatening medical conditions.

Decompressive Surgical Procedures

Patients were placed in a supine position and
ventricular punctures were performed at Kocher's
point on the side opposite to the lesion. An external
ventricular drainage catheter (EVD) was connected
to the continuous cerebral perfusion pressure
monitor via a transducer device. This monitoring
system continuously measured mean ventricular
pressure.

The unilateral /bilateral decompression procedure
involved making a large unilateral/bilateral
curvilinear incision in the fronto-temporo-parietal
region, followed by the creation of a myocutaneous
flap and then a craniectomy with elevation of a free
fronto-temporo-parietal bone flap (Figure 1A,B,C,D).
A bone rim was left over the superior sagittal sinus
to prevent complications related to the sinus. Special
care was taken to remove the temporal bone down to
the base of the cranium. The dura was then opened
and accumulated extra-axial fluid was drained. The
dura was then enlarged with the temporal fascia in a
" star " manner. The bone flaps were inserted under
abdominal fat tissues and were replaced 3-6 months
after surgery in surviving patients.

Data Collection

The initial GCS score, intracranial pathological
findings and the time interval between injury and
craniectomy were documented, as were the initial
ICP readings, which were measured after ventricular
tapping. The ventricular pressures obtained after

craniectomy and opening of the dura were
considered to be DC-state ICP. Ventricular pressure
values were collected using the continuous monitor
during surgery and the postoperative period (range
7-15 days). ICP mean values were recorded each
hour. In addition, any instances of hypotension
(systolic arterial pressure <90 mm Hg for > 10 min),
subdural hygroma, hydrocephalus, septic shock, and
meningitis were documented.

Outcome

Patients were evaluated by neurosurgical faculty
staff, house staff, and rehabilitation medicine
physicians at both discharge from the hospital and
follow-up appointments. The neurological outcome
was determined according to the Glasgow Outcome
Score (GOS)8. Under this rating system, a GOS of 1
describes death; a score of 2, a persistent vegetative
state; a score of 3, a severe disability (conscious but
disabled); a score of 4, a moderate disability
(disabled but independent); and a score of 5, an
excellent recovery with return to baseline functional
status. Prognostic evaluations in survivors were
determined using the GOS assessment at 12 months
after the trauma. GOS evaluations were made by the
physician either in person or via the telephone. A
GOS Dbetween 1-3 was categorized as an
"unfavorable" outcome, while a score of 4-5 was
deemed a "favorable" outcome.

Statistical Analysis

Descriptive statistics including mean, standard
deviation and range were calculated for continuous
parameters. Comparisons between groups were
analyzed using Chi square test, Fisher's exact test
and Paired-Samples t-test. Differences were
considered significant when p < 0.05. Data analysis

Figure 1: A) Representative neuroradiological studies obtained in patients with STBI. Craniectomy limits for unilateral DC; 3D CT
appearance. B) Representative neuroradiological studies obtained in patients with STBI. 3D CT showing craniectomy limits for
bilateral DC. C) Representative neuroradiological studies obtained in patients with STBI. CT showing bilateral DC on postoperative
5 months. D) Representative neuroradiological studies obtained in patients with STBI. CT showing unilateral DC on postoperative
4 months.
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was performed using the Statistical Analysis System
program for Windows (Release 9.0).

RESULTS
Patient Population

Group 1 comprised 36 (15 female, 21 male) STBI
patients who underwent unilateral or bilateral DC.
The mean age was 37.6 + 18.4 years (range 17-68 yr),
and the initial mean GCS score was 6.2 £ 1.2 points.
Group 2 comprised 40 (16 female, 24 male) STBI
patients who underwent rapid bilateral DC. The
mean age was 41.3 + 17.2 years (range 22-69 yr) and
the initial mean GCS score was 6.4 + 1.3 points. The
differences between the groups in terms of age and
initial GCS score were not statistically significant
(p=0.786). Group 1 patients underwent surgical DC
35.7 £ 5.6 hours after trauma, while Group 2 patients
underwent bilateral DC 4.3 + 1.5 hours after trauma,
which was a significantly shorter period of time.
Details of patient age, gender, ISS, GCS, ICP, type of
DC, time of DC, and location of evacuated
hematoma are shown in Table I. There was no
difference between the groups in terms of mean ISS
(Group 1 =30 + 3 points, Group 2 =26 + 5).

Ventricular ICP Changes

For both Groups 1 and 2, an EVD could not be
inserted in only one patient (in group 1). For Group
1, the mean ICP values were 36 + 3.5 (30 - 48) mm Hg
before decompression and 23.3 £ 3.5 (16 - 34) mm Hg
after decompression. This correlated well with the
admission GCS. After DC, Group 1 patients showed
a mean ICP decrease of 35.2%. For Group 1, ICP
decreases after DC were 21.5%, for GOS 1 patients,
40.7% for GOS 2+3, and 43,4% for GOS 4+5 patients
(Figure 2). For Group 2, the mean ICP values were
32.9 £ 5.3 (25 - 46) mm Hg during DC and 17.2 + 3.5
(14 -27) mm Hg after DC. This correlated well with
the admission GCS. After DC, Group 2 patients
showed a mean 47.7% decrease in ICP values was
better than for Group 1. For Group 2, ICP decreases
after bilateral DC were 33.6% for GOS 1 patients,
51.7% for GOS 2+3, and 57.8% for GOS 4+5 patients
(Figure 2). There was a significant correlation
between GOS score and ICP decrease for both
groups.

Outcome

For Group 1, 27.8% of patients had favorable
outcomes and 72.2% had unfavorable outcomes 12
months after the trauma (Table II). For group 2, 50%

Table I: Clinical and Neurological Data in Both Groups

Group 1 Group 2

(n=36) (n=40)
Age ,years, mean +sd | 37.6 +18.4 41.3+17.2
Gender, male / female 21 /15 24 / 16
ISS, mean + sd 30+3 26+ 3
GCS, mean + sd 62+1,2 64+1,3
Average time of DC, 35,7+5,6 43+1,5
hours Mean+ sd (25-47 h.) (2-8 h.)
ICE, mmHg, mean+sd | 36+3,5 32,9+5,3

(before DC) | (during DC)

ICP ,mmHg, mean +sd | 23,3+3,5 172 +3,5
(after DC)
Unilateral DC 22 -
Bilateral DC 14 40
Swelling 10 13
Contusion 14 12
ASDH 7 8
ASDH + Contusion 4 5
ASDH +EDH 1 2

ISS, Injury Severity Score; GCS, Glasgow Coma Score; ICP,
intracranial pressure; ASDH, Acute subdural hematoma; EDH,

Epidural  hematoma;
Computerized tomography.

DC, Decompressive

craniectomy; CT,

Percentage of deercase in
ICP valucs

0 ] L

GOSs1

GOS2+3 GOS4+5 GOS15

—4—Group 1
—8—Group 2

Figure 2: Graph showing summary of ICP decreases of patients
for both groups after DC to GOS.
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of patients had favorable outcomes and 50% had
unfavorable outcomes (Table II). This represented a
statistically significant higher proportion of
favorable outcomes in Group 2.The GCS score was
strongly related to outcome (Table III). The outcome
in patients with an initial GCS score of 6 or above
was significantly better than that in patients with an
initial GCS lower than 6 (Table III). The outcome in
patients younger than 40 years was significantly
better than that in older patients (Table IV).

Operative and Postoperative Complications

Cerebral edema was almost always present to
result in bulging out of the craniectomy. Eleven
patients developed some degree of subdural
hygroma, of which seven required evacuation. Two
patients developed epidural hematomas which
necessitated evacuation. Two patients developed
skim subdural hematomas that were not considered

Table II: Summary and Statistical Evaluation of Outcome
of Both Groups

symptomatic nine patients with hydrocephalus had
been placed a ventriculoperitoneal shunt. Five
patients developed meningitis that was cured with
antibiotics. Hypotension occurred in four patients
for Group 1, in six patients for Group 2 (Table V).
Other complications are listed in Table V.

DISCUSSION

Successful rehabilitation and achieving a
favorable outcome following STBI is directly related
to the degree of primary injury and effectiveness of
early treatment. The common treatment for STBI is to
stabilize the primary injury and eliminate conditions
which may lead to secondary injuries. There are
several treatments for uncontrollable ICP caused by
STBI. In many neurosurgical centers, DC is perceived
as a last resort for treating uncontrollable ICP to
prevent disastrous outcomes (20,22). The value of
this surgical procedure as a second tier treatment

Table IV: Comparison of GOS according to Age

Groupl Group P value
(n=36) 2(n=40)
n (%) n (%)
GOS4+5 | 10(27.8) | 20(50) X2=3.92
P =0,047
GOS2+3| 10(27.8) 15(37.5) | X2=0.81
P=0.36
GOS 1 16 (44.4) | 5(12.5) X2 =9.67
P =0,0018

Group 1 Group 2
n=36 n=40
Age Age 40< | Age 40> | Age 40< | Age 40>
n=19 n=17 n=19 n=21
GOS 1+2+3 10 16 4 16
GOS 4+5 9 1 15 5
P value 0,006 0,001
X2=5.77 X2=10.03

GOS, Glasgow Outcome Scale

Table III: According to GCS Statistical Evaluation of
Outcome of Both Groups

GOS; Glasgow Outcome Scale

Table V: Complications Occurring in the Patients for the
Two Groups

GOS1 GOS2+3 GOS4+5
G1 G2 G1 G2 G1 G2
n=16 | n=5 | n=10 | n=15 | n=10 | n=20
GCS4+5 7 3 2 3 2 3
P value 0.45 0.68 0.55
GCS 6 5 1 3 3 4 5
P value 0.62 0.45 0.33
GCS7+8 4 1 5 9 4 12
P value 0.66 0.46 0.25

G1, Group 1; G2, Group 2; GCS, Glasgow Coma Scale; GOS,
Glasgow Outcome Scale
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Group1 | Group 2
(n=36) (n=40)
n (%) n (%)

Subdural Hygroma 5(13.9) 6 (15)
Epidural Hematoma 1(2.8) 1(2.5)
Subdural Hematoma 1(2.8) 1(2.5)
Posttraumatic Hydrocephalus 4(11.1) 5(12.5)
Posttraumatic Rhinorrhea 2 (5.6) 1(2.5)
Hypotension 4(11.1) 6 (15)
Meningitis 2 (5.6) 3(7.5)
Septic Shock 2 (5.5) 2(5)
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remains controversial. Furthermore, studies so far
are inconclusive regarding the indications for
surgical decompression or optimal surgical
technique.

The observations indicating that it is necessary to
perform DC include dilated pupil, unresponsiveness
to light, uncontrollable ICP values (greater than 30
mm Hg) for a period longer than 15 minutes and
long-term failure to respond to maximal medical
treatment methods (10,25,26). Using these criteria, it
is possible that the positive effects of DC are
involuntarily restricted if indications for DC are
planned as a second tier treatment. From this
perspective, we explored the use of early bilateral
DC as a first tier treatment in order to prevent
secondary injuries that may occur during
unsuccessful ICP treatment with conventional
methods.

Following DC and dura opening, the edematous
brain may herniate through the craniectomy
opening rather than through the tentorial incisura,
which prevents brainstem compression (7,8). More
sufficient decompression and suitable ICP decreases
may be achieved if this extracalvarial movement is
bilateral. Wolfa et al. reported the following formula
for the brain tissue gradient in right frontal mass
lesions: right frontal = left frontal > right temporal =
left temporal > midbrain > cerebellum (28,29). Their
formula for right temporal mass lesions was: right
temporal> left frontal = left temporal > right frontal
> midbrain > cerebellum. Brain tissue pressure
gradients indicate ICP increases for any lesion inside
the head occur bilaterally. For this reason, we
performed early DC as a bilateral frontotem-
poroparietal craniectomy as we believed this would
be more effective in reducing ICP. The pressure
gradients suggest that sufficient decompression may
be achieved with a craniectomy involving frontal,
parietal, and especially temporal regions. In our
opinion, bilateral large craniectomy down to the
base of the cranium prevents brainstem compression
by the temporal lobe and therefore may improve
patient outcome.

The age and GCS of the patient are major factors
influencing DC effectiveness. It is generally reported
that the outcome of patients younger than 50 years
or with an initial GCS score of 6 or more is
significantly better than that for older patients or
those with an initial GCS score lower than 6

(12,14,19,24,25,26). Consistent with those reports, our
study found that patients younger than 40 years or
with an initial GCS score 6 or more were more likely
to have favorable outcomes. The factor of greatest
influence on outcome is the time from injury to
surgery. Patients that undergo DC within the first 4
hours following trauma have better outcomes
compared to those who undergo DC after 4 hours
(2,13,25,26,30). Miinch et al. reported a mortality rate
of 30% for patients that underwent DC within 4
hours, compared to 90% for those after 4 hours (25).
Polin et al. reported that patients who underwent
bifrontal DC for post-traumatic cerebral edema
within 48 hours had a 46% favorable outcome rate,
while post-48 hours patients had a 100% mortality
rate (26). For this reason, some authors advocate that
surgery should be undertaken within the first 48
hours of injury, before the period of maximal
cerebral swelling (23,26). Some clinicians suggest
that neurons are not viable when cerebral blood flow
and / or CPP is lower than critical values (6,15,31). In
the present study, Group 2 patients underwent
bilateral early decompressive surgery as soon as
possible after trauma. When compared to Group 1
outcomes, it appears this decision to operate as soon
as possible led to a decreased mortality rate and an
improved favorable outcome rate.

Decompressive craniectomy has been practiced
since the early 19th century by neurosurgeons.
Different types of bone decompression have been
attempted with variations in the location and size of
bone removal depending on the cause of the elevated
ICP (1,3,4,5,11,16,17). In a study of 37 STBI patients
aged under 40 years, Gaab prospectively performed
bilateral DC on 19, and hemicraniectomy on 18
patients. He was unable to find any relationship
between surgery type and clinical outcome (9). Polin
et al., reported a favorable outcome rate of 37% in
patients undergoing bifrontal decompression with
dural expansion. They noted that decompressive
bifrontal craniectomy has provided only a statistical
advantage over medical treatment of intractable
posttraumatic cerebral hypertension (26). DoSung
Yoo reported a mortality rate of 20%, an unfavorable
outcome rate of 25% and a favorable outcome rate of
55% in STBI patients undergoing bilateral frontotem-
poraparieral DC (32). In the present study, Group 2
patients had a mortality rate of 12.5%, an
unfavorable outcome rate of 37.5% and a favorable
outcome rate of 50%. These patients underwent a
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large and bilateral DC, and the data suggest this
choice of procedure may have as much influence on
outcomes as time.

It is possible to evaluate the effect of DC on ICP.
Do-Sung Yoo reported that when bilateral DC was
performed on patients with bilateral diffuse cerebral
edema, ICP values fell as much as 50% compared to
initial levels, and that dural expansion can further
decrease ICP by as much as 35% (32). In a study of
STBI patients, Polin et al. reported that bilateral DC
resulted in a 33% decrease in ICP compared to initial
levels (26). In the present study, we found that early
bilateral DC resulted in a 48% decrease in ICP.

The present data indicate that rapid and large
bilateral DC is more effective than any other type of
decompressive surgery for treating elevated ICP in
STBI patients. Improved ICP resulted in a reduced
mortality rate and an improved favorable outcome
rate, especially in GCS 6-8 patients.

This study was not a randomized or blinded
study because of the observational nature of the
study design. The two groups of patients were
studied at different time periods. The same medical
therapy was performed for both groups. The actual
procedure was different in the two groups.
Generally accepted concept like many the preceding
reports was performed for group 1, however early
bilateral DC was hypothesis. Moreover blinding of
outcome assessment is difficult in surgical studies. It
may be a profound limitation regarding validity of
results. Thus, it may limit the strength of result of
outcome. The limitations was inherent.

CONCLUSION

To obtain favorable outcomes in STBI patients,
early decision making and proper patient selection
are important. Further clinical studies on early
bilateral DC are required to confirm its beneficial
effects on clinical outcomes, and to provide further
evidence as to whether this procedure should be
used as a first tier treatment.
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