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Abstract

Background:

Hemorrhagic brain contusions are common sequelae of severe traumatic head injury occurring in 15-35% of severe head
injuries. Patients with progressive deterioration related to the contusion causing uncontrolled increase in intracranial pressure, or
signs of mass effect are managed by surgical intervention. Different surgical strategies have been adopted according to the
location, type and severity of the contused brain. However, excision of the necrotic tissue carries a significant risk of loss of
neurological function or deterioration. We try to identify this issue and improve surgical maneuver strategy for treating dominant
side temporal contusions, targeting to preserve the neurological function and improve the final functional outcome.

Methods:

A retrospective study on post traumatic dominant temporal contusions were treated at Ain Shams University Hospitals between
January 2018 and June 2021. We included patients with Glasgow Coma Scale scores less than or equal to 10, dominant side
based on handiness, temporal hemorrhagic contusion greater than 20 cm3 in volume. The classic decompressive craniotomy
was done, when the contusions were in the superior temporal gyrus 3-4 cm posterior than the temporal tip and posterior
temporal part were left un-evacuated and the temporal pole was resected whether affected or not with average of 3 cm
extension posteriorly, as well the lateral cortical part of the inferior temporal gyrus with depth of 2 cm from cortical surface
exposing the middle cranial fossa. The middle temporal gyrus was partially excised when the superior temporal gyrus was
severely contused posterior than 4 cm to temporal tip. While middle and inferior temporal contusion were evacuated varied from
from simple superficial debridement of the contused brain to subtotal or total resection if necessary.

Results:

There were 14 patients included retrospectively, 57% were males, average 39 years (19-64 years). Pre-operative CT showed
significant midline shift average 7 mm (5-15mm). The average contusion volume was 32.78 cm3. Average preoperative GCS
score was 9 (7-10) while the postoperative GCS score 24 hours postoperative was 14 (5-15). Only one case of mortality.
Complications were observed in 2 cases (14%), the location in relation to speech deficits postoperative; 60 % of superior and
middle temporal contusions had, whole temporal lobe 100%, middle and inferior 25% and middle temporal contusion was 100%.
The neurological deficits varied from aphasia to expressive dysphasia (57%), resolved completely after 1 year of follow up in 5
patients (62%), 2 cases till 1 year follow up had mild form of nominal dysphasia, while aphasia seen in one patient which
improved later and his KPS back to normal.

Conclusions:

Such strategy was able to achieve the aim of controlling ICP, preserving cerebral perfusion and decreasing the mortality with the
preservation of neurological function in this eloquent area. The strategy might achieve a better functional outcome, and can be
recommended.
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INTRODUCTION

Hemorrhagic brain contusions are common sequelae of
severe traumatic head injury occurring in 15-35% of severe
head injuries(1,2). Although most are small lesions do not
need surgical intervention, only the patients with progressive
deterioration related to the contusion causing uncontrolled
increase in intracranial pressure, or signs of mass effect on
CT scan are managed by surgical intervention(3-5). Both
strategies of conservation and intervention are based on the
control of intracranial tension. Different surgical strategies
have been adopted according to the location, type and
severity of the contused brain. The frequent used
interventions to diminish the intracranial hypertension
include; surgical excision of necrotic contused brain tissue,
decompressive craniectomy (DC), or both(6-8). However,
excision of the necrotic tissue carries a significant risk of
loss of neurological function or deterioration(9,10). We try
to identify this issue and improve surgical maneuver strategy
for treating dominant side temporal contusions, targeting to
preserve the neurological function and improve the final
functional outcome.

METHODS

We retrospectively collected data on post traumatic temporal
hemorrhagic contusions and radiological signs of raised
intracranial pressure (ICP) who were treated at Ain Shams
University Hospitals between January 2018 and June 2021.

We included patients with Glasgow Coma Scale (GCS)
scores less than or equal to 10, dominant side based on
handiness, temporal hemorrhagic contusion greater than 20
cm3 in volume, midline shift of at least 5 mm, and/or
cisternal compression on CT scan. The inclusion and
exclusion criteria are summarized in Table 1.

The volume and location of all contusion hemorrhages were
recorded. Other intracranial pathologies were noted,
including extradural hematoma (EDH), subdural hematoma
(SDH), subarachnoid hemorrhage.

Inclusion criteria were; adults from 18 — 65 years, with
Glasgow Coma Scale (GCS) scores less than or equal to 10.
Post traumatic Temporal cerebral contusions greater than 20
cm3. Midline shift equal or more than 5 mm and/or cisternal
compression in CT scan. Surgical intervention was done
within the first 48 hours. No pre-existing neurologic
condition with residual disability or requiring ongoing
medical attention

Exclusion criteria included; Patients with diffuse contusions
injury pattern, penetrating, brain stem contusions and with
hemodynamic instability. Non dominant temporal lobe.

Description of surgical procedures

The choice of surgical approach was at the decided by of the
consultant neurosurgeon. This surgical strategy was mainly
applied to brain contusion of the dominant superior and
posterior temporal as being eloquent regions of the brain.

Decompression with duraplasty

The classic decompressive craniotomy was done by making
areverse question mark skin incision, with the following
extensions: frontal to the midpupillary line, posterior 3 cm
posterior to the tragus; superior, 2 cm lateral to midline
“away from edge of the superior sagittal sinus” and inferior
exposing floor of the middle cranial fossa at the with partial
temporal craniectomy; removal of a portion of the inferior
part temporal bone (greater then 3 cm cranio-caudal and 5
cm antro-posterior)(6,9,11-14). Durotomy was done over
the entire of the middle frontal and temporal lobe. When
subdural hematoma seen were evacuated if present with
widening of durotomy.

When the intra-parenchymal dominant temporal
hemorrhagic contusions were in the superior temporal gyrus
3-4 cm posterior than the temporal tip and posterior temporal
part were left un-evacuated and the temporal pole was
resected whether affected or not with average of 3 cm
extension posteriorly, as well the lateral cortical part of the
inferior temporal gyrus with depth of 2 cm from cortical
surface exposing the middle cranial fossa, also the middle
temporal gyrus was partially excised when the superior
temporal gyrus were severely contused posterior than 4 cm
to temporal tip. To provide adequate room in middle fossa
for contused temporal lobe decompression. While middle
and inferior temporal contusion were evacuated varied from
from simple superficial debridement of the contused brain to
subtotal or total resection if necessary. Meticulous
hemostasis was done using different hemostatic agents.
Duroplasty was achieved using a pericranium graft. The
portion of cranium was placed back without tight fixation.
Cranioplasty was performed approximately 3 months after
discharge.

Postoperative management

The postoperative care was concordance with the principles
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of the AANS guidelines for management of severe head
injury regardless of their surgical intervention(15,16). All
severe patients were kept sedated and intubated
postoperatively and ventilated. Extubation was done if
patient GCS improved enough. Head CT was performed
after the patient was surgery 8 hours post. Central venous
and Foley catheters were inserted into all patients for fluid
balance monitoring. Gastroprotective and anticonvulsants
were prophylactically given. Mannitol infusion (1 g/kg every
6—12 h) and furosemide (20-40 mg every 612 h) were used
to decrease the ICP for 5 days in average. Cerebral perfusion
pressure was maintained by keeping mean blood pressure
around 90Hg. Postoperative complications such as delayed
hematoma, hematoma enlargement, cerebral infarction,
intracranial infection, hydrocephalus, brain herniations and
CSF leakage were observed.

Data collection

In a standard fashion, we retrospectively identified patients
and collected data on initial GCS score, acute hospital
course, preoperative deficits, post-operative deficits, length
of hospital stay, mortality and long-term outcomes for 12
months. Radiographic data were obtained from the pre-
operative CT scans. The contusion volume was calculated
using semiautomated tools for volumetric assessment by
Synapse PACS Fujifilm Global. While midline shift was
defined as midline shift greater than or equal to 5 mm.

Complications and Prognosis Evaluation

Neurological outcome was assessed for each patient before
discharge , at 1,3, 6 and 12 months follow-up based on the
KPS score. Either by face-to-face interviews with patients or

caregivers.
Statistical analysis

All data were analyzed by SPSS22 (IBM SPSS Statistics
Version 22, International Business Machines Corp.,
Armonk, NY, USA). Results are expressed as mean +
standard deviation. All normally distributed continuous data
were analyzed using unpaired t-tests and expressed as means
and standard deviation. P < 0.05 were considered
statistically significant.

RESULTS

Demographic data and preoperative head CT
characteristics

There were 14 patients included retrospectively, whom
underwent the described surgical procedure, 57% were
males, average 39 years (19-64 years). Pre-operative CT
showed significant midline shift average 7 mm (5-15mm) in
most of the patients. The average contusion volume was
32.78 cm3. Associated SDH or SAH presented in 35% or
14% of patients, respectively. Average preoperative GCS
score was 9 (7-10) while the postoperative GCS score 24
hours postoperative was 14 (5-15). Only one case of
mortality which involved the whole temporal lobe and
preoperative GCS 7 and postoperative was GCS 5. Length of
stay 9 days in average (6-18), complications were observed
in 2 cases (14%) chest infection and wound infection Table
1. Regarding the location in relation to speech deficits
postoperative; 60 % of superior and middle temporal
contusions had, whole temporal lobe 100%, middle and
inferior 25% and middle temporal contusion was 100%.

Regarding functional KPS score and location shown in Table
2. KPS in relation to location Figure 1 and contusion
preoperative volume Figure 2. Regarding the neurological
deficits varied from aphasia to expressive dysphasia (57%) ,
resolved completely after 1 year of follow up in 5 patients
(62%), 2 cases till 1 year follow up had mild form of
nominal dysphasia, while aphasia seen in one patient which
improved later and his KPS back to normal Table 3.
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Figure 1 Table 1
KPS compared to location. Demographics
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Severe brain hemorrhagic contusions are often associated
with mass effect not related to hemorrhage mass effect
which increase within 12 to 48 hours after the first insult.
The mechanisms of the rapid progress of the mass effect is
not fully explained by the theories of vasogenic and
cytotoxic edema (17). The damage of membranes and
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cytoplasmic particles lead to high osmolality within the
damaged brain. The elevated osmosis forces across the
periphery of the brain tissues cause accumulation of water in
the contused brain tissue, which is a main cause of rapid
deterioration(18). As well as the elevated intracranial
pressure and the diminished perfusion may result in brain
ischemia, up to mortality(19-21). Cases with hemorrhagic
brain contusions represent 40.5 to 43% of the whole
population of TBI, and the mortality ranges from 12.5 -
28.0%. In common practice its known that surgical
intervention should be done as early as possible, when
criteria are fulfilled (20,22-24). The surgical maneuvers
differ from institution to another. However, DC when done
early considered to help in decreasing the possibility of
secondary cerebellar damage, decreasing brain swelling, and
improve the functional and survival outcome (25-30).
Kawamata et al. reported that massive brain welling is
caused solely by hemorrhagic contusion, and surgical
excision of the damaged tissue help in manipulation of the
increased ICP and the final outcome(31).

Most of the studies in literature indicated that excision of
contused tissues with DC was the most appropriate strategy
for contusions located in non eloquent brain area. However
the mortality diminished applying this strategy, the excised
parts were usually manifested by different degree of deficits,
from mild symptoms as memory impairments, abnormal
behavior, abnormal cognition up to manifesting deficits as
hemiplegia and aphasia(19,32-34). It was considered not the
best strategy choice for all the conditions. On the other side
managing large contusion without removal of the necrotic
tissue has been accepted as skull bones decompression can
significantly diminish the intracranial pressure nd improve
functional and survival outcome(21,24,35-38).

In our research we tried to perform the classical DC in
patients, where contusions involve or surround the temporal
dominant eloquent areas, without excision of the contused
tissue, to avoid as possible the postoperative manifesting
neurological deficits as aphasia. A satisfactory outcome was
accomplished in decreasing the mortality and avoidance the
functional burden of aphasia and decreasing dysphasia.
Binghui et al., reported almost the same surgical strategy for
the sever localized cerebral hemorrhagic contusion in
eloquent areas, their prognosis reached 68.2%, and mortality
diminished to 6.8%. They also reported that in some cases
the classical DC alone could not treat the intracranial
hypertension then the excision of the safe tissues was done.

Our study focused on group of cases with dominant temporal
contusions and achieved a satisfactory functional outcome
and a lower death rate as observed in this study. The
excision of the possible temporal lobe parts not only
decreased the intracranial hypertension in our report, but
also give a room for the non-excised contused tissues, to
avoid further deterioration of function which was confirmed
in many studies as well(24).

The most important finding in our study is that the morbidity
and no-need for reoperation rate were lower compared to
cases series in literature; mortality rate of temporal contusion
was 32-56% (31,39). While, mortality rate in ours was only
13.2%, which is significantly less.

There were 8 patients with speech deficits varied from
aphasia to expressive dysphasia (57%), the location in
relation to speech deficits postoperative; 60 % of superior
and middle temporal contusions, whole temporal lobe 100%,
middle and inferior 25% and middle temporal contusion was
100%. Which resolved completely after 1 year of follow up
in 5 patients (62%), 2 cases till 1 year follow up had mild
form of nominal dysphasia, while aphasia seen in one patient
which improved later and his KPS went back to normal.

The better functional recovery as assessed by KPS was
observed, probably due to the preservation of the
surrounding contusion tissue areas and creating a room for
contused tissues keeping the perfusion penumbra,
maximizing the possible recovery of the surviving cases
Figure 3-4.

STUDY LIMITATIONS

Our study had several limitations. First, the study included
cases enrolled from a single institute. Also, a large number
of cases with multiple brain contusions, were excluded to
diminish the potential associated factors. Finally, the
retrospective manner and the small number of patients in the
study, decreased our ability to reach statistically significant
results.

CONCLUSIONS

The aim of surgery in brain contusion is to control increased
intracranial hypertension, and to preserve the neurological
functions . Such strategy was able to achieve the aim of
controlling ICP, protecting cerebral perfusion and
diminishing the mortality with the preservation of
neurological function in this eloquent area. The strategy
might achieve a better functional outcome, and can be
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recommended.

List of abbreviations

DC Decompressive Craniotomy
GCS Glasgow Coma Scale

ICP Intra Cranial Pressure

KPS Karnofsky Performance Scale
SAH Sub Arachnoid Hematoma
SDH Sub Dural Hematoma

TBI Traumatic Brain Injury
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