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ABSTRACT

Background: To investigate the role of decompressive craniectomy in traumatic cerebral contusions in terms of
factors affecting outcome and the various surgical strategies which can be taken into consideration for contusion
resection and cerebral decompression.

Material and Methods: The study was conducted from July 2013 to June 2014 at Department of Neurological
Surgery Hayatabad Medical Complex Peshawar. A total of 35 patients were enrolled. The criteria included
patients with traumatic cerebral contusion(s) who were eligible to undergo surgical decompression. The surgical
procedures for intervention were classified according to the individual patient needs. Demographic data, inclu-
sion parameters, surgical procedures, post-operative outcome and complications were recorded and analysed.

Results: Thirty five patients were included with a mean age of 37.8 £ 13.8 years, 23 (65.7%) males and 12
(34.3%) females. The median Glasgow coma score at arrival was 8 + 2.4, median Glasgow comma score at
discharge was 9 + 5. The median Glasgow outcome score at 3 months was 4 + 1.6 and a mean total hospital stay
of 10.9 £ 8.1 days.

Conclusion: Cerebral contusions comprise one of the most serious kind of traumatic brain insult with long term
physical, mental and economic sequelae while imparting a heavy load of hospital inpatient mortality and mor-
bidity.

Keywords: Head injury, brain contusion, traumatic brain injury, neurosurgery.

Abbreviations: GCS = Glasgow Coma Scale.

INTRODUCTION

Brain trauma is one of the most disabling condition
leading to lifelong physical, cognitive, emotional and
social impairments. Traumatic brain injury even in its
milder form may lead to drastic effects in terms of
morbidity and mortality. In the developed countries
the lifetime cost of brain trauma care is estimated to be
more than 60 billion dollars annually, which is one of
the largest expenditures in healthcare. The situation in
developing countries is worse, as the brunt of patient’s
care falls directly upon the families and individuals
who care for the patient. Worldwide an estimated 10
million people suffer from brain trauma annually."?
Among the various forms which a traumatic brain

lesion may take, contusion is one of the most severe
form, having grave percentage of long-term morbidity
and high mortality. Cerebral contusion are postulated
to result from focal tearing of intracerebral vessels
causing punctate haemorrhages which coalesce to ex-
pand the size and build fluid around itself to induce
intracranial hypertension and even a transtentorial her-
niation.**

Various attempts have been made to postulate
definitive clinical practice guidelines and to present
the best surgical techniques for the treatment of cere-
bral contusions. Scales and classifications were also
described in order to estimate the amount of structural
damage, reach the optimal mode of treatment or to
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take the best course of action when certain situation
develops. However, despite all such attempts, the gui-
delines and practices of the neurotrauma specialists are
still changing all over the world where some favour
surgical intervention while many hold their knife back
until the circumstances warrant its use.>®

It is true that almost 25% of patients with mode-
rate TBI and almost all of those with severe TBI have
intraparenchymal contusions or intracerebral bleeds,
however, only 25% of craniotomies or craniectomies
are performed for the treatment of these lesions. This
demonstrates the prevailing clinical practices of treat-
ing these lesions with medical means and constant
monitoring. However, in cases where the patient’s
condition needs intervention, it is far better to inter-
vene than to withhold invasive treatment.*™*

The most recent clinical recommendations from
Brain Trauma Foundation of the American Associat-
ion of Neurological Surgeons recommend surgical
intervention for cerebral contusions in cases where the
volume exceeds 25 — 30 cc (recently > 50 cc), midline
shift of more than 5 mm on CT scan, deteriorating cli-
nical status of the patient and persistently raised intra-
cranial pressure due to the expansion of the contusion
mass. >

Various operative techniques have been employed
in order to resect the cerebral contusion, to decompress
the ipsilateral hemicranium or to remove the particular
cerebral lobe(s) in order to relieve the persistently rai-
sed intracranial pressure.'>??!

Cerebral contusions can occur at any site in the
brain and all of them have grave consequences for pat-
ients, however, contusions in the frontal and temporal
lobes, unilaterally or bilaterally have frequently been
operated upon and have been noted to respond to sur-
gical treatment.”**°

Decompressive craniectomy / craniotomy was first
introduced by Kocher in 1901 for relieving a persisten-
tly raised intracranial pressure. Since then it has been
subjected to multiple studies so that its effect could be
documented. This technique has been receiving a re-
appraisal among the neurotrauma specialists and for
the last two decades multiple randomised controlled
trials as well non randomised clinical studies have
demonstrated that decompressive craniectomy do have
a positive role in relieving the intracranial pressure of
a head trauma patient, when all else fails. However, a
class | evidence is still lacking and the recommenda-
tions are solely based upon class 111 studies.

Decompressive craniectomy for patients with
traumatic contusions is usually limited to those pati-

ents who manifests either persistent intracranial hyper-
tension, GCS < 8, midline shift of > 5 mm and/or a
volume of > 30 cc. In developing countries like Pakis-
tan, due to the lack of invasive intracranial pressure
monitoring equipment and lack of well-equipped neu-
rointensive care units, the clinical examination and fre-
quently repeated CT scan of brain is used in order to
identify expanding haemorrhagic contusion or the seg-
uelae of intracranial hypertension. The grave outcome
of severe TBI, lack of RCTs for surgical treatment of
this subgroup and the general assumption that surgical
decompression of a contusion is the only effective tre-
atment option when conservative means are exhausted;
studies into the effectiveness of decompressive crani-
ectomy for cerebral contusion with regard to various
factors affecting the outcome is the most warranted
scientific effort which must be undertaken by the neu-
rotrauma teams all around the globe.***

MATERIAL AND METHODS

The current study was conducted at the Department of
Neurosurgery, Hayatabad Medical Complex Peshawar,
which is a well — equipped tertiary care department
serving the population of the province of Khyber
Pakhtunkhwa (> 20 million people according to 2012
estimates). The duration of the study was 12 months,
from July 2013 to June 2014. The study was conduc-
ted in a prospective manner, where patients with con-
tusions were received and kept under observation cli-
nically and radiologically. Repeat CT scans were per-
formed two times in the first 24 hours and once eve-
ry day for the first 7 days or as warranted by the clini-
cal findings. Patient who deteriorated clinically, those
in whom the contusion was rapidly expanding due
either to coalescing haemorrhages or surrounding oed-
ema, those with midline shift of > 5 mm on CT scan,
signs of persistent raised intracranial pressure with
compression of the basal cisterns or those who were
presenting with concomitant subdural or extradural
haematoma or highly depressed skull fractures were
operated upon.

The surgical approach was selected as was guided
by the radiological findings and according to the indi-
vidual patient needs. Postoperatively the patients were
admitted to the high dependency unit and were moni-
tored over their clinical and neurological course. Fre-
quent repeat CT scans were obtained and note was
made of the clinical findings.

Data was also collected about the patient demogra-
phics i.e. gender, age, and the clinical variables such as
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arrival GCS, time since injury, systolic BP, pupillary
status, CT based diagnosis, presence of midline shift
(MLS), presence or absence of other intracranial hae-
matomas such as subdural or extradural haematomas,
total volume of contusion, associated trauma and pre-
sence or absence of comorbidities. The surgical indica-
tion and surgical intervention procedure were also
recorded. Postoperative course was recorded in terms
of vitals, postoperative GCS, complication develop-
ment, total hospital length of stay and the GCS of the
patient at the time of discharge. The clinical outcome
was recorded in terms of Glasgow outcome score at 1
month and 3 months period. Presence or absence of
complications were noted and treated accordingly.

Four main types of craniectomies were performed,
namely, bifrontal craniectomy,

o left or right temporal craniectomy,
e |eft or right frontal craniectomy and
e left or right parietotemporal craniectomy.

Craniectomies were classified according to expan-
sion duroplasty at closure or no duroplasty.

Informed consent was taken from all patients who
were included in the study. All the baseline investigat-
ions and radiological tests required were obtained from
the hospital labs.

The data was analysed using SPSS v20.0. Both
parametric and non-parametric tests were performed
for various independent variables with regard to the
dependent variables and note was made of the signify-
cance of each clinical factor that could affect the out-
come.

RESULTS

There were 182 patients of closed head injury dia-
gnosed as having cerebral contusions. Out of these 35
(19.2%) patients were operated according to the defi-
ned criteria. Out of the 35 patients, there were 23
(65.7%) males and 12 (34.3%) females. Mean age was
37.8 years (SD = 13.8), where the minimum age was
12 years and maximum 65 years. There were 18
(51.4%) cases of RTA, 9 (25.7%) cases of fall, 7
(20%) cases of physical assault and 1 (2.9%) cases of
crush injury. Median GCS at presentation was 8 (SD =
2.4) with 60% (21) patients with GCS < 8 and no pat-
ient with a GCS above 13.

The median systolic BP was found to be 120
(SD = 31.8) with 30% (11) patients having a systolic
BP of < 100 mmHg. The diagnoses at CT brain was
bifrontal contusions in 8 (22.9%) patients, followed by
5 (14.3%) patients of right temporal, 5 (14.3%) pati-

ents each of right and left parietotemporal, 4 (11.4%)
patients each of right and left frontal and 3 (8.6%) pat-
ients with left temporal contusions. The surgical pro-
cedure performed were similar to the incidence of
individual diagnoses, i.e. bifrontal craniectomies in 8
patients, 5 right temporal craniectomies, 5 right and 5
left parietotemporal craniectomies, 4 right and 4 left
frontal craniectomies and 3 left temporal craniecto-
mies respectively. Expansion duroplasty was perfor-
med in 25 (71.4%) patients while 10 (28.6%) patients
were closed without dural closure.

Pupillary reactivity was present in 20 (57.1%) pat-
ients with the rest 15 (42.9%) patients found to have
non-reactive pupils either bilaterally or unilaterally.
Midline shift of > 5 mm on CT brain was present in 30
(85.7%) patients. There were 7 (20.0%) cases who also
had a concomitant haematoma along with the presence
of contusion.

Surgical indication included neurologic deteriorat-
ion in 11 (31.4%) cases, increasing size of the contus-
ion in 11 (31.4%) cases and increasing midline shift in
13 (37.1%) cases. Four (11.4%) patients had associa-
ted trauma to other areas of the body, such as the face
and musculoskeletal system. 9 (25.7%) patients pre-
sented with comorbidities present before trauma such
as hypertension, diabetes, asthma etc.

The mean ‘time since injury’ was 6.3 hours (SD =
+ 2.2) which wasn’t found to be significantly related to
outcome at discharge or outcome at 3 months follow
up (p = 0.75). However, it (time since injury) was co-
rrelated positively to the pupillary abnormalities (re-
active vs. non-reactive pupils) which were observed in
these patients (p = 0.03).

The complications recorded were 12 (34.8%)
cases of aspiration pneumonia, 9 (26%) cases of hos-
pital acquired pneumonia, 5 (14.5%) cases of post-
operative CSF leak through the wound, 2 (5.8%) cases
of acute meningitis, 8 (23.2%) cases of progressive
neurologic deterioration despite decompression, 5
(14.5%) cases of postoperative seizures, 3 (8.7%)
cases of adult respiratory distress syndrome, 7 (20.3%)
cases of wound infection and 3 (8.7%) patients deve-
loped hydrocephalous during the course of their ill-
ness. One patient who was a middle aged female deve-
loped acute heart failure for which the cause could not
be ascertained. Some patients usually had a combi-
nation of multiple complications, for example one pat-
ient had adult respiratory distress syndrome with con-
comitant wound infection and postoperative seizures.

A mean contusion volume of 35.0 cc was noted
with a standard deviation of = 9.0 cc. 74.3% (26)
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Table 1: GCS at Discharge.

GCS N Percentage
3 13 37.1
7 1 2.9
8 2 5.7
9 2 5.7
10 1 2.9
11 2 5.7
12 2 5.7
13 2 5.7
14 3 8.6
15 7 20.0
Total 35 100.0

patients presented below a contusion volume of < 40
cc. Mean total hospital stay was 10.9 days (SD = 8.1).
The median GCS at discharge was 9 (SD = 5.0). About
71.4% (n = 25) patients were discharged at a GCS of
< 13 (Table 1). The median GOS at 1 month was 3
(SD = 1.3) while median GOS at 3 months was 4

(SD = 1.6). Only 27.3% (n = 9) patients were noted to
score a GOS of 5 at 3 months (Table 2).

Table 2: GOS at 3 Months.

GOS N Percentage

1. (Dead) 14 40.0%

2: (Vegetative) 0 0

3: (Moderately Disabled) 4 11.4%

4: (Minor Disability) 8 22.9%

5: (Full Recovery) 9 25.7%
Total 35 100.0

The mortality was 12 (37.1%) patients at discharge
while 2 more patient died of complications at a follow
up of 3 months.

The Pearson correlation was significant for age of
the patient and GCS at discharge (p < 0.001), Co-
morbidities and GCS at discharge (p < 0.001), age and
co-morbidities (p = 0.009) and also GCS at presenta-
tion and pupillary status (p = 0.03) were positively co-
rrelated.

Outcome = GCS at Discharge

10—

N

Frequency
1
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-3 2 A

o 1 2
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Figure 1: Frequency of GCS at Discharge.
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GOS at 3 months
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Figure 2: Expected vs. Observed Probability for GOS at 3 Months.

ANOVA while taking GCS at discharge as the
outcome variable showed statistical significance (p <
0.001) to the following predictors (if kept constant);
Co-morbidities, GCS at presentation, midline shift,
volume of contusion, pupillary reflex, systolic BP, pat-
ients’ age and gender.

Similarly, Pearson correlation remained significant
for GOS at 3 months when linear regression was per-
formed for age (p < 0.001) (Figure 3), co-morbidities
(p < 0.001) and GCS at arrival to pupillary reflex (p =
0.03).

DISCUSSION

Cerebral contusion is a grievous injury which is asso-
ciated with high mortality and prolonged morbidity in
terms of longer hospital stay and lengthy recovery

period. Similarly, many patients who suffers from this
condition remains disabled, physically and behaviou-
rally for a long period or even for the rest of their liv-
es. The premise of decompressing a contused area of
the brain is based on the findings of accumulating in-
creased tissue breakdown (Mathai et al, Kawamata
et al, Katayama et al),”™* coalescing punctate haemorr-
hages into larger haematoma and sequestration of flu-
ids both within and around the contusion. The natural
course of such a condition is understandably local
swelling, increasing intracranial hypertension, reduced
cerebral blood flow, ischemia and even transtentorial
herniation.’

The development of a contusion is divided into
three stages, where stage | (first 24 hours) is denoted
by rapid development of swelling due to tissue break-
down and increase in the local osmolarity of more than

Pak. J. of Neurol. Surg. — Vol. 18, No. 2, Jul. — Dec., 2014

-120-



Mewat Shah, et al

(]
B0
o
o o
o
= o o
o o
8B an- 0
= s o o
=] o 0
o o
e o
o}
0
20 o
[ ] o
o
o}
0 T T T T
1 3 4 5

GOS at 3 months

Figure 3: Age vs. GOS at 3 Months.

400 mosmol/kg. In stage 1l (24-48 hours) the activa-
tion of coagulation and inflammatory cascades start
disrupting the blood brain barrier. The stage Il (> 48
hours — 7 days) is characterized by expanding oedema
with lysis of local RBCs, reactive oxygen species,
inflammatory cytokines and complement activation
which create a state of persistently raised intracranial
pressure and consequently reduced cerebral blood
flow. This has been shown that early intervention into
reducing the expansion of a contusion or its effects on
the rest of the brain tissue eventually improves out-
come. However, on the other hand there are studies
which demonstrates low benefit to the patients who
undergo surgical decompression with or without a cra-
niectomy (Mathai et al).’

The role of repeat CT of the brain, osmotic diure-
tic therapy, hyperventilation and eventually decomp-

ressive craniectomy are to be favoured by the fact that
neurotrauma centres in developing countries like Pak-
istan lacks invasive intracranial pressure monitoring
and even a total lack of dedicated neurointensive care
units. It has been shown that clinical and radiological
evaluation of patients with severe traumatic brain inj-
ury helps in earlier recognition of the red flags for evo-
Iving irreversible neurologic deterioration and timely
intervention by means of surgical decompression and
resection of the contusion may actually save lives, al-
though sometimes at the expense of prolonged or
irreversible disabilities (Kawamata et al, Lobato et al,
Sinha et al).*1>%

Our study demonstrated that in severe traumatic
brain injury associated with cerebral contusions the
mortality and even prolonged morbidity could be redu-
ced effectively only if vigilance is maintained. Patients
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with severe traumatic brain injury and those with con-
tusions are known to have a mortality of more than
70%, which could be reduced to less than 40% by ear-
lier intervention as is evident from our study. Findings
in a study by Sinha et al was a mortality of 50% to
63% postoperatively.™

Decompressive craniectomy for patients with sev-
ere TBI and contusions should be focused primarily on
salvaging the malignant intracranial hypertension whi-
ch could lead to rapid death, and also keeping in mind
the neurologic dysfunction which could be associated
with wide cerebral lobe resection. There should also be
consideration of factors which clearly affect the out-
come in such patients, such as age, extensive trauma to
other systems, comorbidities and the effect of struc-
tural brain injury located in eloquent areas. Without
consideration of the above factors, it would certainly
be an effort in vain and patients will be a subject of
irrelevant surgical exploration. Studies by Binghui et
al and Sinha et al took approximately the same demo-
graphic and clinical variables which could affect the
outcome and they concluded that i) Cerebral contus-
ions should be aggressively managed and intervention
contemplated earlier if a good postoperative outcome
has to be suspected and, ii) in performing contusion
resection, the safest method would be to focus on the
contusion focus instead of gross cerebral lobe resec-
tion. This strategy would result in higher percentage of
patients scoring favourable outcome on the GOS.***%

Our study has demonstrated achievement of a
GOS at 3 months (Table 2) of good outcome (GOS =4
and 5) in about 50% of patients (48.6%), while only
12.1% of patients remain at unfavourable outcome
(GOS = 2 and 3). The mortality of 40% is lower than
the reported mortality of the non-operative groups
(95% mortality for severe TBI in a study by Ghalige
et al).?*?® Factors such as age, time between injury and
initiation of treatment, time of the surgical intervention
after admission, GCS at presentation, pupillary abnor-
malities and trauma to eloquent cerebral cortical areas
and also the presence or absence of subarachnoid hae-
morrhage, acute subdural and extradural haematomas
are shown to clearly affect the outcome after decomp-
ressive craniectomy in these patients. This is consis-
tent with the findings of Tjahjadi et al and Saini et al
who found that lower GCS, age, CT changes of cere-
bral swelling, and midline shift are associated with
poor outcome or earlier surgical intervention.®**?
Decompressive craniectomy therefore, should only be
sought in those patients who present with localised
intraparenchymal lesions who do not respond to medi-

cal therapy of increasing ICP and those who needs ear-
lier rescue from the devastating effects of malignant
intracranial hypertension. Such observations are also
recorded by Mathai et al, Sinha et al and Akyuz
et al.>**2%% An epidemiologic study by De Silva et al
found a 30% mortality for patients from economically
advanced countries and more than 50% mortality from
low or middle income countries with severe TBI. Sim-
ilarly the good outcome (GOS = 4, 5) for severe TBI
groups were ranging from 35% to 48% which is con-
sistent with findings of the current study.”’

The commonest complication in our study were
respiratory abnormalities, such as aspiration pneu-
monia (34.8%), hospital acquired pneumonia (26%)
and TBI associated adult respiratory distress syndrome
(8.7%). Similarly, wound infection was observed in
20%, CSF leaks in 14% while hydrocephalous was
observed in 8.7% patients. A study by Ban et al into
complications associated with decompressive craniec-
tomy were similar but at a lower rate than were obser-
ved in our study. For instance the postoperative wound
infection was observed in 4.5% while postoperative
epilepsy was observed in 3.4% of cases. These find-
ings were not concurrent with our study where a very
high percentage of postoperative wound infection was
noted.?

These complications need special consideration.
Earlier safety of the airway and respiratory function is
of prime importance and specifically in unconscious
patients the airway need to be managed long before
arrival at hospital emergency. This shows that profess-
ional rescuers at the trauma scene should be well ver-
sed in earlier and effective endotracheal intubation and
the risks associated with not establishing the airway.
Rapid and efficient rescue could translate into drama-
tic improvements in patient outcome irrespective of
the kind of surgical intervention.

CONCLUSION

The study shows the grievous nature of severe TBI and
the occurrence of cerebral contusion is a definitive risk
for higher mortality and prolonged disability. Surgical
intervention at the right moment can however, change
the course of this fatal condition and lead to improved
outcomes in cohorts of severe traumatic brain injury.
Further studies into the effectiveness of decompressive
craniectomy and the factors which affect the final
outcome are required in order to establish a definitive
course of action in such patients.
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