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ABSTRACT

The management of raised intracranial pressure (ICP) is crucial in patients
with severe traumatic brain injury (TBI). Decompressive craniotomy (DC)
is a surgical procedure used to relieve brain pressure and improve
outcomes in these cases. This study aimed to analyze the outcomes and
complications of DC in severe TBI patients and investigate their
correlation with various factors. This prospective, observational study was
conducted at a tertiary care center and included 25 patients with severe
TBI who underwent DC. Various demographic, clinical and radiological
variables were recorded and their correlation with patient outcomes was
analyzed using the Glasgow Outcome Scale (GOS). Statistical analysis was
performed to determine the significance of different factors in predicting
the outcome of DC. The majority of patients were males (92%) and a
higher proportion of patients (56%) belonged to the age group of 15-45
years. Road traffic accidents (RTA) were the most common cause of head
injury (88%). Pupillary responses were non-reactive in 56% of patients
and 80% of patients required ventilatory support. The initial Glasgow
Coma Scale (GCS) was less than 5 in 76% of cases. CT findings revealed
subdural hematoma with contusion as the most common lesion (68%).
Patients with non-reactive pupils had a higher percentage of unfavorable
outcomes (p =0.047) and those with a GCS score greater than 5 had more
favorable outcomes (p = 0.032). Early surgery within 8 hrs of trauma
showed better outcomes compared to surgery after 8 hours (p = 0.017).
Age, gender, comorbidities, midline shift, size of craniotomy and
duroplasty did not show statistically significant correlations with
outcomes (p>0.05). The study highlights the Patients with salvageable
GCS, normal or unilateral dilated pupils and those operated on within 8
hrs of trauma had better outcomes. However the impact of comorbidities
and duroplasty on outcomes was not statistically significant. Further
research is required to better understand the complexities of factors
influencing the outcome of decompressive craniotomy in severe
traumatic brain injury. Decompressive craniotomy, severe traumatic
braininjury, raised intracranial pressure, glasgow outcome scale, pupillary
response, timing of surgery.
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INTRODUCTION

The human brain resides within the
nonexpandable compartment of the skull, consisting of
fixed volumes of brain tissue, cerebrospinal fluid (CSF)
andblood. According to the Monroe Kellie doctrine the
sum of these volumes remains constant. When there
is an increase in intracranial pressure (ICP) due to
factors like mass lesions the body attempts to maintain
normal ICP initially by reducing CSF volume. If this
compensatory mechanism is insufficient the brain
decreases blood volume. However, if these measures
fail, brain function begins to deteriorate™™.

Raised ICP can result from various causes such as
cerebraltrauma, infarction, subarachnoid hemorrhage
(SAH) spontaneous hemorrhage and tumors. The speed
and nature of the cause influence the patient’s
outcome. Chronic causes may be better tolerated,
while acute trauma leads to poorer tolerance.
Preventing further brain function deterioration
requires various interventions®™*.

Medical management using agents like steroids,
hyperosmotic agents and mechanical ventilation is the
first line of treatment for raised ICP. However,
pharmacological therapies are slow-acting and not
always permanent. When medical approaches prove
inadequate, surgical treatment becomes necessary.
Decompressive Craniotomy (DC) has emerged as a
popular surgical method involving craniotomy and
removal of the bone flap to relieve brain pressure. To
achieve further decompression the durais also opened
and the bone flap is repositioned at a later date!**.

Kocher first mentioned decompression of brain
parenchyma for raised ICP. Surgical decompression is
the second-line treatment after failed medical
management and is the first-line treatment for rapidly
progressive conditions like severe traumatic brain
injury (TBI) or MCA infarct. Malignant MCA infarct
patients managed conservatively have high mortality
rates, making surgical treatment crucial in severe
intracranial hypertension with mass effect and clinical
deterioration®.

This study aims to analyze patients undergoing DC
for severe TBI, which aims to maintain cerebral blood
flow, prevent brain herniation and avoid clinical
deterioration. Outcomes depend on factors such as
post-traumatic brain edema, hypoxic brain injury,
contusions and extensive brain infarcts. Craniotomy
diameter also affects prognosis, with a size of at least
12 cm providing extra space for brain expansion'®”..

While beneficial effects of decompressive
craniotomy are observed in many conditions, some
debate its advantages and suggest potential harm. In
pediatric populations, positive outcomes have been
observed. However the procedure is not without
complications, including early and late complications
such as hemorrhages, infections, hydrocephalus and

structural failures. This study aims to investigate
outcomes and complications after DC and their
correlation with age, sex, clinical profile and timing of
the craniotomy®®. By examining these factors, we
hope to gain a deeper understanding of the role of DC
in managing raised ICP and its impact on patient
outcomes.

Aims and objectives: The primary aim of this
prospective, observational study was to analyze the
overall outcome of patients with severe traumatic
brain injury (TBI) who underwent decompressive
craniotomy (DC).

The specific objectives were:

e To evaluate the correlation between the overall
outcome and various factors such as age, sex and
neurological status at the time of decompressive
craniotomy

e Toassess the impact of the time interval between
trauma and surgery on patient outcomes

e To investigate the association between
comorbidities, including hypertension, diabetes
and cardiac disease and the overall outcome in
patients undergoing decompressive craniotomy

MATERIAL AND METHODS

The study was conducted at Fortis Hospital Mohali
and included 25 patients with severe TBlI who
underwent decompressive craniotomy. The sample
size was determined based on a previous study’s
findings to achieve a power of 90% and a confidence
interval of 95%. Due to possible dropouts, 25 subjects
were included. Patients meeting the inclusion criteria,
which consisted of those with trauma, aged between
18-70 years and exhibiting signs of raised intracranial
pressure such as vomiting, altered consciousness and
headache, were enrolled in the study. Patients with
congenital malformations and/or pre-existing
neurological deficits were excluded.

After obtaining consent, patients were examined
and investigated following a specific study proforma.
Demographic profiles, personal habits, neurological
status and CT findings were documented. Cerebral
decongestants were administered as required. Surgical
details, bone flap and dura status and timing of surgery
were recorded. Pre and post-operative CT scans were
conducted for all patients.

The outcome was assessed at the time of
discharge and at a 3-month follow-up using the
Glasgow Outcome Scale (GOS). Favorable outcomes
were assigned to patients with GOS grades 4 and 5,
while GOS grades 1, 2 and 3 were considered
unfavorable outcomes. Statistical analysis was
performed using IBM SPSS Statistics (version 22.0).
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Mean, medians, standard deviation and standard error
were calculated for quantitative variables. Normality of
data was checked using the Kolmogorov-Smirnov test.
Proportions were compared using Chi-square or
Fisher’s exact test. A p-value of <0.05 was considered
statistically significant.

Multivariate analysis was conducted to explore the
correlation between the outcome of decompressive
craniotomy and factors such as age, sex, comorbidities,
underlying brain pathology and timing of surgery.

OBSERVATION AND RESULTS

The study was conducted in a tertiary care
hospital. Twenty five patients admitted to the hospital
with severe head injury underwent clinical and
radiological evaluation followed by DC. Table 1
presents the socio-demographic characteristics of the
patients included in the study, who were admitted to
the hospital with severe head injuries and
subsequently underwent a surgical procedure called
decompressive craniectomy (DC).

Age groups: There were 14 patients in the age group of
15-45 years and 11 patients were over 45 years old. It
indicates that a majority of patients with severe head
injuries who underwent DC were in the younger age
group of 15-45 years.

Gender: Out of the 25 patients, 23 were males and
only 2 were females, suggesting that males were more
affected by severe head injuries in this study.

Mode of injury: Among the causes of head injuries, 22
patients suffered from road traffic accidents (RTA) 2
patients fell from heights and 1 patient had an assault
injury due to a sword attack.

Co-morbidities: The study observed that 16 patients
had hypertension (HTN) 1 patient had coronary artery
disease (CAD) and 6 patients had diabetes mellitus
(DM). Table 2 provides information on various clinical
variables related to the patients who underwent DC for
severe head injuries.

Respiration: 20 patients were on ventilatory support,
while only 5 patients were able to breathe
spontaneously.

Pupils: Pupillary responses were assessed and it was
found that 14 patients had non-reactive pupils (either
single or bilateral) 9 had bilateral non-reactive pupils,
5 had unilateral non-reactive pupils, and 11 had
bilateral reactive pupils.

Glasgow coma scale (GCS): The initial GCS was used to
assess the severity of the head injury. 19 patients had

Table 1: Distribution of socio-demographic variables

Socio-demographic variables Frequency
Age groups

15-45 yrs 14
>45yrs 11
Gender

Females 2
Males 23
Mode of injury

Assault 1
Fall 2
RTA 22
Comorbidities

HTN 8
HTN/CAD 1
DM 6
Total 25
Table 2: Distribution of clinical variables

Clinical variables Frequency
Respiration

Spontaneous 5
Ventilator 20
Total 25
Pupils

N/N 9
N/R 5
R/R 11
Glasgow coma scale

<5 19
6-8 4
>8 2
Ct. Findings

Contusion 9
EDH 1
ICH/SDH 1
Infarct 2
SDH/contusion 8
SDH/SAH 3
SDH/SAH/contusion 1
Midline shift (mm)

<6 7
6-10 7
>10 11
Time from injury to surgery

<8hrs 12
8-12 hrs 11
>12hrs 2
Status of dura after surgery (dduroplasty)

No 17
Yes 8
Glasgow outcome scale

<3 19
4,5 6

a GCS less than 5, 4 patients had a GCS between 6-8,
and 2 patients had a GCS of 8 and above.

Ct findings: CT scans were performed to identify the
specific brain lesions. The most common lesion
observed was subdural hematoma (SDH) with
contusion, seen in 17 patients. Other findings included
epidural hematoma (EDH) intracerebral hematoma
(ICH), infarct and combinations of SDH and other
lesions.

Midline shift: Midline shifts on CT scans were
measured and it was observed that 14 patients had a
midline shift of less than 10 mm, while 11 patients had
a shift of more than 10 mm.

Time from injury to surgery: The time interval
between the injury and surgery was recorded. 12
patients underwent surgery within 8 hrs of the injury,
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Table 3: Comparison of different variables with outcome of the patient Using glasgow outcome scale

Variables GOS groups
<3 4,5 Total p-value
Age category
18-25 years 1 3 4 .057
26-35 years 4 1 5
36-45 years 5 0 5
>45 years 9 2 11
Gender
Female 1 1 2 0.43
Male 18 5 23
DM
No 14 5 19 >0.05
Yes 5 1 6
HTN/CAD
HTN 7 1 8 >0.05
HTN/CAD 0 1
None 11 5 16
Duroplasty
No 14 3 17 344
Yes 3 8
Midline shift
<6mm 5 2 7 .248
6-10mm 4 3 7
>10mm 10 1 11
Size of craniotomy
8-12cm 6 4 10 175
>12cm 13 2 15
Pupil status
N/N 8 1 9 0.047*
N/R 5 0 5
R/R 6 5 11
Duration to surgery
<8hrs 8 4 12 .017*
8-12 hrs 11 0 11
>12 hrs 0 2 2
GCS
<5 16 2 18 .032*
>5 3 4 7

11 patients between 8-12 hrs and 2 patients more than
12 hrs after the injury.

Status of dura after surgery (duroplasty): After
surgery, 17 patients had their dura left open, while 8
patients underwent duroplasty using artificial dural
substitutes or pericranium.

Glasgow outcome scale (GOS): The patient’s outcomes
were assessed using the GOS after discharge. 19
patients had an unfavorable outcome (GOS <3) while
6 patients had a favorable outcome (GOS 4 or 5).
Comparison of different variables were made with
outcome of the patient using Glasgow Outcome Scale
and statistical tests were applied to see for statistical
significance. This table summarizes the comparison of
different variables with the Glasgow Outcome Scale
(GOS) to determine their impact on the final outcome
of the patients.

Age groups: The study found that younger patients
(between 18-25 years) had a better outcome, with only
25% experiencing an unfavorable outcome. However,
the p-value (0.057) indicated that this relationship was
not statistically significant.

Gender: The limited number of female patients (only
2) made it difficult to draw meaningful conclusions

about gender differences in outcomes. The p-value
(0.43) indicated that there was no significant difference
between males and females.

Comorbidities: Patients with comorbidities like
hypertension  (HTN)/coronary artery disease
(CAD)/diabetes mellitus (DM) tended to have a higher
percentage of unfavorable outcomes but the results
were not statistically significant.

Duroplasty: Patients who underwent duroplasty had a
relatively better outcome compared to those who did
not but the p-value (0.344) indicated that this
difference was not statistically significant.

Midline shift: Patients with midline shifts greater than
10 mm had poorer outcomes than those with smaller
shifts but the p-value (0.248) suggested that this
finding was not statistically significant.

Size of craniotomy: The size of the craniotomy did not
show a significant correlation with the GOS.

Pupils: Patients with non-reactive pupils had a higher
percentage of unfavorable outcomes compared to
those with reactive pupils. The p-value (0.047)
indicated that this relationship was statistically
significant.
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Time from injury to surgery: Patients who underwent
emergency surgery (within 8 hrs) had poorer outcomes
than those who had surgery after 8 hrs. The p-value
(0.017) showed that this difference was statistically
significant.

Glasgow coma scale (GCS): GCS was the most
important determinant of GOS, with lower GCS scores
associated with higher percentages of unfavorable
outcomes. The p-value (0.032) indicated that this
relationship was statistically significant.

DISCUSSIONS

The study was conducted at a tertiary care center
and included 25 patients with severe traumatic brain
injury (TBI) and evidence of raised intracranial pressure
(ICP) who underwent decompressive craniotomy (DC).
The majority of patients were males and the age
distribution showed that 14 patients were younger
than 45 years, while 11 were older than 45 years.
Similar trends of male preponderance and a higher
incidence of head injury in the age group of 15-45
years were reported in previous studies®*".

The study investigated various factors that could
influence the outcome of DC in TBI patients. Age was
found to have an impact on the prognosis, with an
increasing percentage of unfavorable outcomes in
older patients. However the relationship between age
and outcome was not linear and statistically not
significant. Previous studies have shown varying results
regarding the relationship between age and outcome
in TBI patients™ ¥, Some studies have reported better
outcomes with younger age groups, while others have
suggested better outcomes with older age groups™.

Comorbidities like hypertension, diabetes mellitus
and cardiovascular disease did not independently
affect the outcome, as their presence did not show a
significant difference in the overall results. This finding
is consistent with previous studies that have shown
mixed results regarding the impact of comorbidities on
the outcome of TBI patients™ . The severity of
midline shift on CT scan was analyzed as a predictor of
outcome. Patients with greater midline shift tended to
have a worse prognosis but the relationship was not
statistically significant. Previous studies have shown
conflicting results regarding the correlation between
midline shift and outcome in TBI patients™*’*.,

Duroplasty the closure of the dura after the
craniotomy, did not show a significant difference in
outcomes compared to leaving the dura open. Some
studies have suggested that duroplasty may be
beneficial in controlling intracranial hypertension and
improving outcomes in TBI patients™**!. However,
other studies have not found a clear advantage of
duroplasty®*??. The timing of surgery was crucial, with
better outcomes observed in patients operated on

within 8 hrs of trauma compared to those operated on
after 8 hrs. Early surgery within 6 hrs of trauma is
considered crucial in TBI cases to prevent life-
threatening brain swelling®.. Previous studies have
also emphasized the importance of early surgical
intervention in improving the outcome of TBI
patients?%,

The initial Glasgow Coma Scale (GCS) at admission
was found to be a significant predictor of outcome.
Patients with a GCS score greater than 5 had a more
favorable outcome compared to those with a lower
score. This finding is supported by other studies that
have highlighted the importance of GCS in predicting
the outcome of TBI patients™**?°, Pupillary changes
were also identified as important independent
predictors of mortality, with bilateral non-reactive
pupils associated with a poorer prognosis. Pupillary
changes have been recognized as significant indicators
of prognosis in TBI patients in previous studies as
well*27,

While some previous studies support the benefits
of decompressive craniotomy in improving outcomes
for severe TBI patients®®®, others have found
conflicting results®**!. The varying findings in different
studies highlight the complexity of factors influencing
the outcome of decompressive craniotomy in severe
traumatic brain injury.

CONCLUSION

The study suggests that decompressive craniotomy
may be beneficial in carefully selected TBI patients with
salvageable GCS, normal or unilateral dilated pupils
and those who have failed medical management. Early
surgery within 8 hrs of trauma appears to yield better
outcomes. The study also highlights the importance of
initial GCS and pupillary status as significant predictors
of prognosis in TBI patients. However, further research
is needed to better understand the complex factors
influencing the outcome of decompressive craniotomy
in severe traumatic brain injury.
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