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ABSTRACT

AIM: To evaluate the impact of primary decompressive craniectomy (DC) on the functional outcome in patients with post traumatic
acute subdural hematoma (SDH).

MATERIAL and METHODS: A retrospective cohort analysis of 92 patients with post traumatic acute SDH who underwent primary
DC and evacuation of SDH. The primary outcome variable is Glasgow outcome scale at 6 months follow up, while exposure
variables are demographic data (age and gender), initial Glasgow coma scale, Marshall Classification Score of traumatic brain injury,
midline shift, side of the lesion, surgery related complications and time of cranioplasty.

RESULTS: Out of the 92 patients in this study, 89.1% were males and the mean age was 30.2 + 14.4 years. At admission, the
mean Glasgow Coma Scale (GCS) was 5.8 + 2 and mean Marshall score was 4.7 + 0.7, while the average midline shift was 8.8 +
3.5 mm. Right decompressive craniectomy was performed in 46 (50%) patients, while in 2 (2.1%) cases, bi-frontal craniectomy
was performed and left decompressive craniectomy was performed in 44 (47.8%) patients. Mortality was reported in 38 patients
(41.3%) and poor outcome was reported in 24 patients (26.1%), while 30 patients (32.6%) showed good outcome. During the follow
up period, cranioplasty for restoration of the bone defect was completed in 52 patients.

CONCLUSION: Primary decompressive craniectomy after STBI for post-traumatic acute subdural hematoma improved the
favorable outcome whenever the initial GCS >4 among adult patients.

KEYWORDS: Acute SDH, Decompressive Craniectomy, Outcome

ABBREVIATIONS: DC: Decompressive craniectomy, TBI: Traumatic brain injury, STBI: Severe traumatic brain injury, ASDH: Acute
subdural hematoma, GCS: Glasgow coma scale, SDH: Subdural hematoma, CT: Computed tomography, GOS: Glasgow outcome
scale

B INTRODUCTION . Lo . . .
Surgical evacuation is the mainstay of treatment in patients
cute Post traumatic subdural hematoma (SDH) with mass effect; furthermore, the control of the post traumatic
Aincreases the major morbidity and mortality in patients intracranial hypertension may out weight the importance of
with severe traumatic brain injury (STBI) (30,39,51). hematoma evacuation per se (25,51).
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For a long time, craniotomy and hematoma evacuation has
been the main surgical procedure of posttraumatic acute SDH;
furthermore, decompressive craniectomy (DC) may be an
alternative surgical procedure which in addition to hematoma
evacuation, provides an extra space to accommodate the
edematous brain tissue and controls the post traumatic
intracranial hypertension (39).

One third of patients after the initial craniotomy and evacuation
of acute SDH ultimately needs secondary DC (8), so early
planned aggressive intervention in the form of primary DC,
evacuation of the hematoma and duroplasty would prevent
secondary brain insult (46,50,54); however, there is no universal
consensus regarding the appropriate surgical strategy and the
decision to perform either craniotomy or primary DC which
remains a controversial issue till date (36,39,54).

In this study, the outcome of patients who underwent primary
DC and evacuation of acute SDH after severe traumatic brain
injury was retrospectively evaluated to clarify the effect of
primary DC on the functional status after severe traumatic
brain injury associated with acute SDH. The aim of this study
is to evaluate the impact of primary DC on the functional
status in patients who presented with severe traumatic brain
injury and post traumatic acute SDH.

B MATERIAL and METHODS

All  procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee [Kingdom
Hospital ethical committee (NS 17-07-2018) on July 2018] and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards.

This is a retrospective collaborative cohort analysis of 92
patients with severe TBI (Glasgow Coma Scale score <8) with
acute SDH and mass effect who underwent primary DC and
evacuation of the hematoma between 2013 and 2019. The
primary outcome variable is Glasgow outcome scale (GOS)
(21), while exposure variables are demographic data (age and
gender), initial Glasgow coma scale, Marshall Classification
Score of traumatic brain injury, midline shift, side of the lesion,
surgery related complications and time of cranioplasty.

Overthe pastdecadein ourinstitutions, primary decompressive
craniectomy and hematoma evacuation for post traumatic
acute SDH was generally agreed on being the main line of
surgical management in such patients. The end point of the
study was death, or 6 months follow up.

Patients with Glasgow Coma Scale >8, patients with isolated
extradural hematoma, patients with previous neurological
deficit, patients with GCS-3 and bilaterally dilated non-reactive
and those with incomplete data were excluded.

The Glasgow Coma Scale (47,48) (Table I) was used to classify
the initial neurological status while Marshall Classification
Score of traumatic brain injury (31) was used to classify the
radiological findings (Table lI).

The six degrees initial neurological condition of the patients’
GCS (GCS 3-8) were further subdivided into three subgroups;
critically severe (GCS 3-4), critically moderate (GCS 5-6) and
critically mild (GCS 7-8).

In this study, the extra-axial fluid collection was reported as
a complication only being significant whenever its thickness
was more than 1 cm, whether the content was blood,
serosanguinous, infected fluid, or mere CSF collection.

The outcome was categorized according to Glasgow Outcome
Scale (21) (Table lll) into good outcome (GOS 4-5), poor
outcome (GOS 2-3) and death (GOS 1), then the functional
status was dichotomized into unfavorable outcome (GOS 1-3)
versus favorable outcome (GOS 4-5).

Statistical Analysis

A statistical analysis was carried out using Stata Software
version 15.1. Descriptive statistical data were summarized as
mean + SD and/or proportions as appropriate. We compared
the mean, or proportion of the exposure factors between
patients with favorable outcome and patients with unfavorable
outcome using t-test, univariate logistic regression test, chi-
square test, Fisher exact test and Kruskal-Wallis equality-of-
populations rank test.

Stratification and a multivariable logistic regression were
performed to eliminate the effects of confounders and to
identify the independent clinical factors associated with
unfavorable outcome and the final multivariable model
included all variables with p-value <0.05.

Table I: Glasgow Coma Score (Score of 13 or Higher Correlates with a Mild Brain Injury, 9 to 12 is a Moderate Injury and 8 or Less a

Severe Brain Injury).

Best Eye Response

Best Verbal Response

Best Motor Response

1 No eye opening No verbal response No motor response
2 Eye opening to pain Incomprehensible sounds Extension to pain
3 Eye opening to verbal command Inappropriate words Flexion to pain

4 Eyes open spontaneously Confused Withdrawal from pain
5 Orientated Localizing pain

6

Obeys Commands
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Table lI: Marshall CT Scale of Traumatic Brain Injury
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Scale CT findings

midline shift of 0 to 5 mm

Category | basal cisterns remain visible
no high or mixed density lesions >25 cm?
midline shift of 0 to 5 mm
Category Il basal cisterns compressed or completely effaced
no high or mixed density lesions >25 cm?®
midline shift of 0 to 5 mm
Category lll basal cisterns compressed or completely effaced
no high or mixed density lesions >25 cm?®
Catedorv IV midline shift > 5mm
gory no high or mixed density lesions >25 cm?
Category V any lesion evacuated surgically
i i i i 3
Category VI high or mixed density lesions >25 cm

not surgically evacuated

Table lll: Glasgow Outcome Scale

Scale Description

GOS-1 Death

GOS-2 Persistent vegetative state: Minimal responsiveness

GOS-3 Severe disability: Conscious but disabled; dependent on others for daily support
GOS-4 Moderate disability: Disabled but independent; can work in sheltered setting
GOS-5 Good recovery: Resumption of normal life despite minor deficits

Table IV: Characteristics of the Study Population

Variables Number (%) Mean = SD

Number of patients 92 (100%)

Age 30.2 + 14.4
Pediatric 4 (4.35%)
Adult 84 (91.3%)
Elderly 4 (4.35%)

Gender
Male 82 (89.1%)
Female 10 (10.9%)

GCS 58+2

Marshal scale 4.7+ 0.7

Midline shift 8.8+35

Right side lesion 46 (50%)

B RESULTS

Out of the 92 patients in this study, 89.1% were males and
their mean age was 30.2 + 14.4 years, 4 patients (4.4%)
were younger than 16 years and 4 patients (4.4%) were older
than 65 years. At admission, the mean Glasgow Coma Scale
(GCS) was 5.8 = 2 and mean Marshall score was 4.7 = 0.7,
while the average midline shift was 8.8 + 3.5 and left sided
decompressive craniectomy was done for 44 patients (47.8%).
During the follow up period, cranioplasty for restoration of the
bone defect was completed in 52 patients (Table IV).

At the end point of the study, mortality was reported in 38
patients (41.3%) and poor outcome was reported in 24
patients (26.1%), while 30 patients (32.6%) showed good
outcome (Table V). The surgery related complications (Table
V) included significant postoperative collections in 18 patients
(19.6%), CSF leak in 6 patients (6.5%), infection in 6 patients
(6.5%), sunken flap in 8 patients (8.7%) and hydrocephalus
in 10 patients (10.9%). The base line criteria of the study
population are summarized in Table IV.

Correlation between GOS and initial GCS was detected by
linear regression analysis (Figure 1), and the regression
coefficient was found to be 0.4.
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Table V: Surgery Related Complications and Outcome

Variable Nh;ll;\l:\e; g;/;)
Surgery related complications ]
Post-operative extra-axial collection 18 (19.6%) g g —— 1
Post-operative infection 6 (6.5%) P
Post-operative CSF leak 6 (6.5%) /,/"/
Sunken flap 8 (8.7%) ™ //’/
Hydrocephalus 10 (10.9%) el
GOS 2.6 +1.6 . y : : : : :
Outcome gcs
Mortality 38 (41.3%) Figure 1: Correlation between GOS and initial GCS.

Poor functional status

24 (26.1%)

Good functional status

30 (32.6%)

Functional outcome status

Favorable outcome 30 (32.6%)

62 (67.4%)

Unfavorable outcome

After dichotomizing the patients into favorable outcome
(GOS 4-5) and unfavorable outcome (GOS 1-3), the exposure
variables were compared and revealed that the initial GCS was
lower in patients with unfavorable outcome with statistically
significant value (p<0.0001- Table V).

After stratification of GCS subgroups, all patients with critically
severe initial neurological status (GCS 3-4) showed unfavorable
outcome, while the likelihood of favorable outcome in patients
with critically moderate initial neurological status (GCS 5-6)
was 30% and in patients with critically mild initial neurological
status (GCS 7-8), the likelihood of favorable outcome was
57.1% (p<0.0001 - Table VI, Figure 2).

Moreover, when statistical analysis was performed between
critically moderate and critically mild initial neurological status
groups, there was statistically significant difference in GOS
(p=0.046 - Table VI).

Although there were no statistically significant differences
in demographic data between both groups [Table 6], after
stratification of the data, unfavorable outcome could be
predicted in elderly patients > 65 years, also favorable
outcome could be predicted in pediatric patients < 16 years
with statistically significant difference (p value = 0.049 - Table
VI, Figure 3).

Despite the tendency of lower mean time for cranioplasty
after DC among favorable outcome group compared to that of
unfavorable outcome patients’ group, there was no statistically
significant difference (61.9 and 85.2 days, respectively,
p=0.058 - Table V, Figure 4).
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Figure 2: Favorable and unfavorable outcome according to the
severity of initial neurological status.
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Figure 3: Favorable and unfavorable outcome according to the
Age group.
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Table VI: Comparison of Demographics and Baseline Clinical Characteristics Between Patients with Favorable and Patients with

Unfavorable Outcome

Favorable outcome

Unfavorable outcome

30 (32.6%) 62 (67.4%) P

GOs 4.7+0.5 1.6+0.8 <0.0001***
Age(Y) 31112 35.8+18 0.2
Pediatric (< 16 years) 2 (50%) 2 (50%)
Adult (16-65) 28 (35%) 52 (65%) 0.049*
Elderly (65 years <) 0 (0%) 8 (100%)
Gender

Male 28 (34.1%) 54 (65.8%)

Female 2 (20%) 8 (80%) 036
Baseline clinical and radiological findings
Mean GCS 7.3x0.9 51x2 <0.0001***
GCS subgroups

Critically severe (GCS 3-4) 0 (0%) 30 (100%)

Critically moderate (GCS 5-6) 6 (30%) 14 (70%) <0.046" <0.0001***

Critically mild (GCS 7-8) 24 (57.1%) 18 (42.9%)
Marshall scale 4.6 +0.6 4.7+0.8 0.28
Midline shift(mm) 8.4+32 9+37 0.6
Side of decompression

Right side decompression 16 (34.8%) 30 (65.2%)

Left side decompression 14 (31.8%) 30 (68.2%) 0.8

Bifrontal decompression 2 (100%) 0
Time of Cranioplasty (days) 61.9+7.5 85.2 +9.1 0.058
Complications
Extra-axial collection 8 (26.7%) 10 (16.1%) 0.2
Hydrocephalus 2 (20%) 8 (80%) 0.36
CSF Leak 2 (33.3%) 4 (66.7%) 0.9
Sunken flap 2 (25%) 6 (75%) 0.6
Infection 4 (66.7%) 2 (33.3%) 0.7

Surgery related complications; Marshall radiological scale
and midline shift did not show significant difference between
patients with favorable and unfavorable outcome (Table VI).

B DISCUSSION

Evacuation of the post-traumatic acute SDH is the main stay
of management in patients with severe traumatic brain injury,
but the ability to control ICP could be more important than
removal of the subdural blood clot (51). Although DC can
reduce the intracranial hypertension (15,25), its impact on

the clinical outcome is still unclear and is a debatable issue
(20,41,45,54). Controversy and debate resides in whether
DC after STBI would be able to improve the clinical outcome
(5,6) or just decrease the mortality with subsequent severe
disability in return (14,18).

The functional outcome after severe traumatic brain injury is
a multifactorial issue (43). Although initial neurological status,
radiological findings, gender, age, and associated injuries
have been studied with conflicting results (22,33,43), there is a
wide agreement that post traumatic intracranial hypertension
is associated with unfavorable outcome (22,25,33).
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Figure 4: Correlation between time of cranioplasty and GOS.

Decompressive craniectomy could reduce the intracrani-
al hypertension after severe traumatic brain injury (15). In
patients associated with acute SDH, decompressive craniec-
tomy could be performed as a pre-planned primary procedure,
intraoperative decision in case with fulminant intra-operative
swelling or might be secondary after evacuation of the hema-
toma with post-operative persistent intracranial hypertension
(26,42,52,54).

In the randomized study of Hutchinson et al., DC decreased
the mortality from 48.9% at 6 months in patients who were
treated non-surgically to 26.9%, while favorable functional
status was reported in 27.4% after DC versus 26.6% in non-
surgical patients (20).

In the current study, the favorable functional neurological
outcome was detected in 32.6%, which is comparable to
Hutchinson et al.’s study (20). Although the mortality in the
current study was reported in 41.3% of the patients which is
higher than the mortality in the Hutchison et al.’s study (20),
the overall unfavorable outcome which included both mortality
and severe disability is generally comparable (in the current
study 67.4% [41.3% and 26.1%, respectively] versus 72.6%
[26.9% and 45.7%, respectively]).

The higher proportion of mortality rate in the current study
could be attributed to the known higher risk of mortality due to
the presence of acute subdural hematoma in all our TBI cases
which was not present mostly in Hutchinson’s cases (30,51).

In the meta-analysis of Phan et al., poor outcome and mortality
were lower in patient with severe traumatic brain injury and
subdural hematoma who were treated by craniotomy and
evacuation of the hematoma than those who underwent
decompressive craniectomy as the poor outcome was (50.1%
vs. 60.1%) and the mortality rate was (13.9% vs. 40.5%),
respectively (39). This can be well explained by the higher
proportion of DC over craniotomy for treating TBI cases who
presented with poor initial neurological status GCS scale <8
(39). However, in the current study, all patients presented with
poor neurological status.
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Also in the multicenter study of Leitgeb et al., their outcome is
comparable to the result of the current study as unfavorable
outcome was reported after acute SDH in 65.3% (46.7%,
18.6% mortality and poor functional status, respectively),
while 32.2% showed favorable outcome, and the outcome
was unknown in 2.5% with significantly higher mortality in the
non-operative treatment (30).

Initial neurological status has significant correlation with
outcome after severe traumatic brain injury (7,49). Glasgow
Coma Scale (GCS) is the standardized scale for measurement
of neurological status after TBI (47,48). Kodliwadmath et al
(24) concluded that GCS can predict the risk and prognosis in
patients with traumatic brain injury and significant correlation
with outcome after TBI had been reported (7,35,49). Moreover,
low GCS<8 on admission have poor prognosis and usually
correlates with poor outcome either mortality or vegetative
state (11,35).

In this study, significant correlation between initial neurological
status using GCS scale and functional neurological outcome
have been detected (correlation coefficient was 0.4 with
p-value <0.0001, Figure 1). Moreover, the mean GCS was
significantly lower in patients with unfavorable outcome than
patients with favorable outcome with p-value <0.0001 and
also after stratification of GCS subgroups, all patients with
critically severe initial neurological status (GCS 3-4) showed
unfavorable outcome (Figure 2) which is comparable to the
study of Bagheri et al. (2) where most of their patients who
presented with GCS <5 showed unfavorable outcome (83%).
Nevertheless, Demetriades et al. reported an overall mortality
of 60% among critically low GCS on admission (11); on the
other hand, there were case reports describing the presence
of good functional recovery after decompressive craniectomy
for critically severe initial neurological status (GCS 3-4) (1)
which was not encountered in the current study.

Although DC in adults has successfully decreased intracranial
pressure and decreased mortality, it was associated with more
vegetative and poor functional status (9,16,20). However,
elderly patients are usually associated with poor outcome
after TBI (19). In a retrospective study of surgical outcomes
after acute SDH in elderly patients, mortality was reported in
42% and severe disability in 33% of the patients while only
24% had the ability to leave the hospital to nursing care
special facility and it was found that there is an increased risk
of death after DC in elderly patients over 80 years old, GCS
<8, or cerebral edema (35). Moreover, in the current study,
with small number of elderly cases (only 4 cases) included, all
of them showed unfavorable outcome, while better outcome
was observed in pediatric patients less than 16 years (Figure
3). Nevertheless, this observation regarding both pediatric and
elderly patient groups could not be generalized owing to the
small number of each group that needs further research work.

Great discrepancy in the literature regarding the effect of gender
on the outcome after TBI, as a poorer outcome in women with
TBI than men have been reported (3,27), but no differences
between males and females in either acute complications or
outcome after TBI were also reported (37,40). In our study,
the observed liability of unfavorable outcome among female
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Figure 5: Case
presentation with
favorable outcome.
A) Initial CT brain
shows acute SDH
with midline shift 1
cm. B, C) Follow up
CT brain shows the
early postoperative
findings. D) Follow
up CT brain after one
week. E, F) Post-
cranioplasty follow up
CT brain.

Figure 6: Case
presentation with
unfavorable outcome.
A,B, C) Initial CT
brain shows acute
SDH with midline shift
more than 1 cm.

D) Follow up CT
brain shows the

early postoperative
findings.

E) Delayed follow up
CT brain immediately
before cranioplasty.
F) Post-cranioplasty
follow up CT brain.
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patients could not be relied on, owing to the small number of
female patients included in this study (11%, 10 patients).

Different radiological scales were used to assess the severity
of TBI as the initial radiological evaluation can predict outcome
in patients with TBI (34,38). Marshal CT score was used as
radiological predictors for the outcome after TBI (14), and
higher score was found to be significantly associated with early
mortality (23). In this study, there was no initial radiological
significant difference between patients with favorable and
unfavorable outcome as all patients in this study had subdural
hematoma which made them to have nearly similar Marshall
score (Table VI).

The midline shift in the initial CT scan of the brain may indicate
the severity of mass effect and liability for herniation. In this
study, the degree of midline shift in the preoperative imaging
between patients with favorable and patients with unfavorable
outcome was compared and showed no significant difference
between both patient groups.

Functionally significant Brodmann’s areas such as Broca’s area
and Wernicke’s area are found in the dominant hemisphere
which is usually on the left side, so left sided lesions may have
worse outcome than right sided lesion; but in this study, there
was no difference in the functional outcome between right and
left side DC (Table VI).

Complications after DC involve blooming of contusions,
contralateral acute subdural hematoma, infection, sunken
flap and hydrocephalus (32). In our study, the most common
complications were extra-axial collections, infection,
hydrocephalus and sunken flap, but there was no significant
difference in the post-operative complications (Table VI)
between patients with favorable and patients with unfavorable
outcome.

The reported frequency of extra-axial fluid collection is as
high as 25-60% (32), while in our study, it was reported in
18 patients (19.6%). The extra-axial fluid collection after DC
could be attributed to alteration in CSF dynamics together with
increase in the cerebral perfusion pressure after removal of the
bone flap (29,53). Hydrocephalus after DC for TBI has been
reported to range from 10% to 40% (32), while in our study,
the incidence of hydrocephalus was reported in 11% without
observed influence on the functional outcome. Sunken flap is a
delayed underreported complication after DC in the literature,
although it has been reported in 10% of DC cases by Kurland
et al. (28). In the current study, it was reported in 8 patients
(8.5%). Sunken flap was observed whenever cranioplasty
has been delayed and could be attributed to unopposed flap
compression by the atmospheric pressure especially after
subsidence of raised ICP (13). Post-operative infection has
been reported in 1-10% of patients after DC (17,44). In the
current study, infection was encountered in 6 patients (6.5%),
which is comparable to other literatures. Several factors could
influence the infection rate such as large scalp incision; small
based flap pedicle that might lead to wound breakdown and
secondary infection (32,44).

Restoration of the skull bone after DC improves the
hemodynamics of the brain and CSF flow, facilitates the
rehabilitation and enhances the physical and cognitive
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recovery (4,10,12), but the timing of cranioplasty is still a
controversial issue and in this study, there is a tendency for
better outcome with earlier restoration of skull bone defect
(Figure 4), yet it is still statistically insignificant (correlation
coefficient is 0.007 and p value is 0.1).

Despite the presence of several studies in the literature
discussing the value of DC, the current study to the best of
our knowledge, involved only patients with severe traumatic
brain injury (GCS 3-8), while most of other research studies
were dealing with TBI in general; which might lead to
pooling of results between mild, moderate and severe TBI
patients. In addition, the current study has discussed almost
all the important clinical and radiological factors that might
affect the functional outcome among severe TBI patients
in particular which were not frequently addressed in other
previous studies. Nevertheless, in the current study, severe
TBI patients (GCS < 8) have been further subdivided into three
subgroups; critically severe (GCS 3-4), critically moderate
(GCS 5-6), and critically mild (GCS 7-8).

B CONCLUSION

Primary decompressive craniectomy after STBI for post-
traumatic acute subdural hematoma improved the favorable
outcome whenever the initial GCS >4 among adult patients.
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