UE%N Iranian Journal of
NS|NEUROSURGERY

Research Paper »
Investigating the Surgical Management of Large Basal
Ganglia Hemorrhage: A Bi-institutional Experience

Rahul Varshney® (9, Binoy Kumar Singh? (), Ajay Choudhary*

1. Department of Neurosurgery, PGIMER & Dr. RML Hospital, New Delhi, India.
2. Department of Neurosurgery, North Eastern Indra Gandhi Regional Institute of Health and Medical Sciences, Shillong, India.

Use your device to scan
and read the article online

(STETIET Varshney R, Singh BK, Choudhary A. Investigating the Surgical Management of Large Basal Ganglia Hemorrhage: A
Bi-institutional Experience. Iran J Neurosurg. 2024; 10:E10. http://dx.doi.org/10.32598/irjns.10.10

http://dx.doi.org/10.32598/irjns.10.10

Article info: :
Received: 26 Jul 2024 ABSTRACT
Accepted: 11 May 2024
Available Online: 08 Oct 2024 Background and Aim: Numerous prognostic factors for spontaneous intracerebral hemorrhage
: have been advocated; however, only a few studies have specifically addressed basal ganglia bleed
prognosis and management. Regarding basal ganglia bleeding, this study determines the predictors
of functional outcomes and predictors of severe disability or death in surgically treated cases.

Methods and Materials/Patients: This was a one-time follow-up study of 271 spontaneous
basal ganglia bleed patients undergoing surgical intervention over 3 years. An electronic hospital
database was used to collect data regarding clinical and radiological parameters and functional
outcomes according to the glasgow outcome scale (GOS) three months after the hemorrhage.

Results: We analyzed 271 cases, with a mean age of 50.8+13.57 years. At the end of 3 months,
53.87% of patients had favorable outcomes (GOS=4, 5), 9.59% had poor outcomes (GOS=2, 3) and
mortality was 37.75% (GOS=1) at the end of 3 months. Independent predictors of poor outcome
were age (odd ratio [OR]=1.81, 95% Cl, 1.09%, 3.02%, GCS OR=6.93, 95% Cl, 1.52%, 31.51%),
hematoma volume more than 60 mL (OR=12.73, 95% Cl, 3.29%, 49.23%, midline shift (OR=2.78,
95% Cl, 1.64%, 4.73%), the left side of bleed (OR=1.81, 95% Cl, 1.11%, 2.94%), intraventricular
hemorrhage (OR=2.94, 95% Cl, 1.72%, 5.02%) and intraventricular hemorrhage associated with
hydrocephalus (OR=22.30, 95% Cl, 6.35%, 78.27%). There was a significant association between
these factors and poor outcomes (P<0.05).

Conclusion: Almost half of the patients with large basal ganglia hemorrhage survivors were severely

disabled or died within three months after the event. Basal ganglia hemorrhage was associated

: with severe disability or death among patients aged over 60 years with left-side bleeding, low
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¢ Hematoma drainage through craniotomies remains a life-saving procedure in critical situations.
¢ In large basal ganglia bleed patients undergoing surgical intervention, almost 50% had good functional outcomes.
¢ Clinical parameters, such as age >60 years and low Glasgow coma scale were associated with poor outcomes.

¢ Preop computed tomography with left-side bleed, midline shift >5 mm, intraventricular hemorrhage and a large
hematoma were associated with poor outcomes.

Plain Language Summary

Bleeding inside the brain accounts for 20% to 30% of all cases of stroke among the Asian population and hypertension
is the leading cause of it. Basal ganglia are the most commonly affected area. An early and accurate prediction of
basal ganglia bleed outcome in the emergency department is crucial for decision-making, as well as in assessing
patient prognosis. There has been ongoing debate on treating and predicting outcomes for patients with basal ganglia
bleeding, with some studies supporting surgical intervention and others rejecting it. However, a large randomized
clinical trial compared to conservative medical treatment showed no significant benefits of surgery. While several
prognostic factors have been proposed for intracerebral hemorrhage, only a few studies have focused on the basal
ganglia. The prognosis for the basal ganglia region differs from that associated with superficial brain bleeds due to
its proximity to vital structures. This study identifies predictors of functional outcomes and mortality in patients who
underwent surgical evacuation of hematoma. We also shared our experiences with surgical outcomes, as many past
studies have found no difference in outcomes between surgical and conservative management. Our observation
showed that almost 50% of patients benefit from surgical evacuation of hematoma in the case of larger bleeds.
Improved surgical techniques, neuroimaging, neuroanesthesia and perioperative monitoring and care have all
contributed to better surgical outcomes.

In contrast, surgical trials in traumatic intracerebral
hemorrhage (STITCH) trials | and Il have shown that
early surgical evacuation of hematoma does not im-
prove outcomes over initial best medical management.
However, patients at risk of herniation or impaired level
of consciousness were excluded from the study and
almost 26% of patients initially treated conservatively

1. Introduction

ntracerebral hemorrhage (ICH) is associated
with higher mortality and more severe disability
compared to ischemic stroke [1]. The in-hospital
mortality rate with ICH varies from 30-50% [2, 3].
In hypertensive hemorrhages, 60% occur in the

basal ganglia, with a mortality rate of almost 50%. Even
though many studies have been published concerning
the management of ICH, no class [4]evidence has yet
been published. Numerous studies [4, 5] and meta-anal-
yses [6, 7] that assert no difference in outcome regard-
less of whether medical or surgical treatment is used are
entirely rejected by others [8, 9].

Kaya et al. performed a study comparing conserva-
tive medical treatment to open craniotomy for putam-
inal hematomas in patients with a volume greater than
30 ml. Accordingly, mortality was 34% among patients
treated surgically, compared to 63.1% in conservatively
managed patients [8].

underwent surgical decompression. Gregson et al. re-
analyzed the data from STITCH trials and found that
large basal ganglia bleeds will likely benefit from early
surgery [9]. With advancements in postoperative critical
care facilities, the outcome has improved after the sur-
gery. Surgery has the advantage of removing the blood
clot, thus limiting edema development in perihemato-
mal white and grey matter and reducing the mass effect
[10]. Surgical treatment of basal ganglia hemorrhages
ranges from decompressive craniectomies to stereotac-
tic needle aspiration of hematoma [11]. However, cra-
niotomy remains the most common surgical procedure
as it provides an added advantage of intraoperative
homeostasis. Moreover, the superiority of any one of
these methods over the others still needs to be com-
pletely established.
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Due to differences in the incidence of hypertensive
bleeding in the basal ganglia region compared to other
parts of the brain, along with various factors, such as in-
traventricular hemorrhage (IVH), associated hydroceph-
alus and the impact of surrounding edema basal ganglia
hemorrhage warrants distinct attention from cortical
or posterior fossa bleeds. This study investigates the
prognostic factors specifically associated with poor out-
comes in basal ganglia hemorrhage. This study also pro-
vides an overview of our experience in managing basal
ganglia hemorrhage surgical cases. The objective was
to evaluate the functional outcomes using the Glasgow
outcome score (GOS) three months after surgery.

2. Materials and Methods

This study involved 271 patients treated surgically for
basal ganglia bleeding from December 2018 to Novem-
ber 2020 across two institutions. Institutional Review
Board approval was obtained from both centers. Upon
admission to the emergency room, all patients under-
went a computed tomography scan to confirm the di-
agnosis of basal ganglia bleeding. All patients aged 18
years and above with ictus of less than three days who
underwent surgical intervention were identified by re-
viewing electronic medical records. Follow-up scans
were done in all patients based on their neurological
conditions.

Patients with secondary causes of basal ganglia bleed-
ing, subjects with the extension of bleeding into the
brain stem, and individuals with a rebleed and those
requiring a second surgery were excluded from the
study. Additionally, patients with a Glasgow coma scale
(GCS) 3 and fixed dilated pupils on presentation were
excluded from the study. Study physicians recorded the
demographics and clinical information of the patients.
Every patient underwent an assessment utilizing the
first available computed tomography (CT) or magnetic
resonance imaging. The decision for operative interven-
tion was made considering relevant clinical and radio-
logical parameters. Surgery was indicated when signs of
neurological deterioration or the risk of life-threatening
herniation became apparent.

The volume of hematoma was calculated on CT scan
using the ABC/2 method [12], which is based on a sim-
plification of the ellipsoid volume equation in which A
represents the maximum length (in cm) on the largest
hemorrhage slice, B represents the diameter perpen-
dicular to A and C represents the approximate number
of axial slices multiplied by the slice thickness. Addition-
ally, midline shift was calculated using the Foramen of
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Monro as a base point, and any extension of the he-
matoma into the ventricles as well as associated hydro-
cephalus was also noted.

According to the ABC protocol, all patients were ad-
mitted to and managed in a dedicated neuroscience
intensive care unit or stroke unit. Antihypertensive
medications, such as labetalol infusion, were used to
maintain systolic blood pressure below 140 mmHg. Os-
motic diuretics (such as mannitol) were administered
to manage increased intracranial pressure. Anticoagu-
lants and antiplatelets were discontinued for at least
five days whenever feasible. The patients were oper-
ated on in spine position with a 30-degree elevation of
the head and slight rotation toward the opposite side
of the hemorrhage. Using the operating microscope
and considering clot extension and surgeon preference,
the clot was approached either through the prefrontal
or superior temporal gyrus cortex. The hematoma was
evacuated with the help of control suction and gentle
irrigation. Any active bleeding point was coagulated and
hemostasis was achieved. The dura was primarily closed
whenever feasible and patched if necessary.

A decompressive craniectomy with lax duraplasty was
performed in patients whose brains remained tensed
and non-pulsatile even after hematoma evacuation
when replacing the bone was not feasible. In such cases,
wide decompressive craniectomy was done with a bone
flap placed in the abdomen. Patients with IVH under-
went extra ventricular drain insertion or venticuloperi-
toneal shunt placement before or after the operation,
depending on the development of hydrocephalus. Sub-
sequently, patients were monitored in the neurosurgical
intensive care unit postoperatively, and any neurological
or ventilator-associated complications were managed
accordingly. Postoperative CT scans were done in all pa-
tients as needed based on their neurological status.

Follow-up procedure

The follow-up duration was at least three months from
surgery, during which the outcome was assessed using
the GOS. Patients with GOS 4 and 5 were classified as hav-
ing excellent outcomes, while those with GOS scores of
3,2 and 1 were considered to have poor outcomes [13].

Data analysis

Statistical significance was set to P<0.05 to determine
the accuracy of the analyses conducted by Stata soft-
ware, version 5.0.
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All the variables used for prognostication were ab-
stracted from electronic medical records at the time of
admission. Study variables included age, sex, GCS, he-
matoma volume, IVH, midline shift, bleeding side and
addictions (smoking and drinking). Continuous variables
among factors related to outcome were dichotomized
into different categories, which along with dichotomous
variables, were compared using the chi-square tests.
Multivariate regression analyses were performed sub-
sequently, considering the effect of all the variables on
the GOS.

3. Results

Of all 271 patients, 203 were male, and 68 were female
(Table 1). Their age ranged from 20 to 85 years (mean,
50.8+13.57 years; Table 2). A statistically significant dif-
ference was found between the excellent and unfa-
vorable outcomes groups, with people below 60 years
having poor outcomes (GOS=1, 2, 3) rate of 38.67%,
and 53.33% of patients above 60 years having poor out-
comes (P<0.02; Table 2). Among patients younger than
30vyears, 10 out of 13(76.92%) had a favorable outcome,
compared to 3(23.08%) who had poor outcome. The
age-related outcomes highlight that younger patients
with basal ganglia bleed are more likely to achieve an
excellent outcome following treatment.

Top of form

The 60-year cut-off was chosen because basal ganglia
bleeding tends to occur in a relatively younger population
in the Indian subcontinent. Thus, the patients were di-
vided into two groups based on age. Among the patients,
35.10% (n=119) had right-sided bleeding, while 51.66%
(n=131) had a hematoma on the left side (Table 2).

Patients were classified into three groups based on
their GCS, following the same classification as that for
head injury patients with GCS scores ranging from 4 to
15. In the GCS group <8, three patients (27.27%) out of
11 patients had a favorable outcome (GOS=4, 5), while
72.73% had a poor outcome. In patients with GCS>8,
a total of 12 patients (55.35%) out of 224 patients had
GOS 4, 5 (Table 2). Among the patients with a GCS 13-
15, a total of 72.22% (n=26) out of 36 patients had fa-
vorable outcomes, while 27.77% had a poor outcome
(Table 2). Meanwhile, a significant difference in terms of
outcome was observed (P<0.0001) between the three
studied groups based on the GCS score on admission
(Table 2).

S Iranian Journal of
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Hematoma volumes ranged from 30 to 120 cm?,
with a mean of 54.42+23.25 cm?3. Based on volume,
5.53% (n=15) patients had small hematomas (30 cm3),
60.51% (n=164) had medium-sized hematomas (30-60
cm?), and 33.94% (n=92) had large (>60 cm?) hemato-
mas. Among patients with hematoma volumes <30
mL, the majority (n=12), 80% had favorable outcomes,
while three patients (20%) had poor outcomes. In the
group with hematoma volumes between 30-60 mL,
72.56% (n=119) of patients had good outcomes. How-
ever, among patients with ICH volumes >60 mL, 76.08%
(n=22) had poor outcomes (Table 2). Additionally,
49.85% (n=135) of patients had hemorrhage extend-
ing into the ventricles, and 10.32% (n=28) developed
associated hydrocephalus (Table 1). Among these 28
patients, an external ventricular drain was inserted in
20(71.4%) either preoperatively or postoperatively and
eight patients (28.57%) underwent concurrent external
ventricular drain insertion with hematoma evacuation.

Meanwhile, 72.79% of patients had excellent out-
comes with no associated IVH. However, when IVH was
present, only 47.66% had a GOS of 4 or 5. In cases when
IVH was associated with hydrocephalus, an excellent
outcome was present in only 10.7% of patients (Table
2). Thus, a hematoma volume of more than 60 mL, IVH,
and hydrocephalus had a statistically significant impact
on good functional outcomes (P<0.0001; Table 2). A
midline shift of more than 5 mm led to a significantly
worse outcome for 52.32% of patients (n=91) compared
to a midline shift of <5 mm for 28.28% (n=28; P<0.0001;
Table 2).

Only 71(49.65%) of the 143 patients in our study
had favorable outcomes when their hematoma was
located in the dominant hemisphere (left side). Out
of 128 patients with hematoma in the non-dominant
hemisphere, 64.06% (n=82) had a good outcome (Table
2). This difference was statistically significant in terms
of good functional outcomes (P<0.016; Table 2). This
distinction may be attributed to the dominant hemi-
sphere’s involvement in more complex functions, po-
tentially resulting in greater neurological damage when
affected by a hematoma.

A total of 144 patients had a history of either smok-
ing or drinking. Of these, 61.11% (n=88) were smokers,
24.30% (n=35) were drinkers, and 14.58% (n=21) were
both smokers and drinkers. Both study groups did not
show statistically significant differences in terms of out-
comes (P=0.57; Table 2).
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Table 1. The Demographic profile of surgically treated spontaneous basal ganglia bleed patients showing the number and percentage of
patients in each study parameters

Items No. (%)
<60 181(66.78)
Age (y)
>60 90(33.21)
Left 143(52.76)
Side

Right 128(47.2)
Absent 136(50.18)
Intraventricular hemorrhage Present 107(39.48)
With hydrocephalus 28(10.33)

<30 15(5.53)
Volume of hematoma 30-60 164(60.51)
>60 92(33.94)

13-15 36(13.28)
Glasgow coma scale categories 8-12 224(82.65)

<8 11(4.05)

<5 99(36.53)

Midline shift (mm)
55 172(63.46)
Male 203(74.90)
Sex
Female 68(25.09)
Present 144(53.13)
Smoking/alcohol

Absent 127(46.86)

Similarly, no significant difference was observed re-
garding gender in terms of outcomes (P=0.53; Table 2).

Among the 34 patients who underwent decompres-
sive craniectomy 28 patients (82.35%) had hematoma
volume greater than 60 mL, and 25 patients (73.52%)
had midline shift >5 mm.

Regarding GOS, out of 271 patients, 146 patients
(53.87%) showed favorable outcomes (GOS 4, 5), 26
(9.59%) had poor outcomes (GOS 2, 3) and 99 patients
died resulting in a mortality rate of 36.53% (GOS 1).

Univariate analysis showed that older age (P<0.021),
bleeding on the left side of the brain (P<0.016), pres-
ence of IVH (P<0.0001), higher ICH volume (P<0.0001),

GCS under 8 (P<0.0001), and midline shift >5mm
(P<0.0001) were all associated with a poorer outcome
(Table 2). The likelihood of poor outcomes was not dif-
ferent between males and females (P=0.53) or addict-
ed people(P=0.57; Table 2).0Once the confounders were
adjusted, a multivariate analysis was performed, which
demonstrated that individuals over the age of 60 years,
patients with bleeding on the left side of the brain, cases
in which bleeding was associated with IVH and hydro-
cephalus, when the hematoma volume was >60 mL and
patients whose GCS was <8 had poor outcomes. The
P<0.05, as shown in Table 3.
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Table 2. Univariate analysis and GOS showing percentage of patients with excellent and poor functional outcomes in surgically treated

patients with spontaneous basal ganglia bleed

No. (%)
Items No. Total P
GOS (5, 4) GOS (3,2, 1)

<60 111(61.32) 70(38.67) 181

Age (y) <0.021
>60 42(46.66) 48(53.33) 90
Left 71(49.65) 72(50.34) 143

Side <0.016
Right 82(64.06) 46(35.93) 128
Absent 99(72.79) 37(27.20) 136

IVH Present 51(47.66) 56(52.33) 107 <0.0001
With hydrocephalus 3(10.71) 25(89.28) 28
<30 12(80) 3(20) 15

V°'“”1§r‘r’1fahema' 30-60 119(72.56) 45(27.43) 164 <0.0001
>60 22(23.91) 70(76.08) 92
13-15 26(72.22) 10(27.77) 36

GCS categories 812 124(55.35) 100(44.64) 224 <0.0001
<8 3(27.27) 8(72.72) 11
<5 71(71.71) 28(28.28) 99

Midline shift (mm) <0.0001
>5 82(47.67) 90(52.32) 172
Male 114(56.15) 89(43.84) 203

Sex 0.53
Female 29(42.64) 39(57.35) 68
Present 79(54.86) 65(45.13) 144
Smoking/alcohol 0.57

Absent 74(58.26) 53(41.73) 127

Abbreviations: GOS: Glasgow outcome scale; GCS: Glasgow coma scale; IVH: Intraventricular hemorrhage.

4, Discussion

Despite advances in medical science in stroke man-
agement, basal ganglia hemorrhage remains one of the
most incapacitating and disabling forms of stroke. While
many trials and met analyses published earlier for spon-
taneous ICH include both lobar and deep-seated hem-
orrhages, the factors deciding management, either sur-
gical or conservative, and prognostication for the two,
cannot be generalized. IVH, more commonly associated
with basal ganglia hemorrhage than lobar hemorrhage,
significantly impacts survival. Various studies in the past
have advocated IVH as an independent predictor of mor-
tality. Similarly, post-IVH hydrocephalus is more likely in
basal ganglia hemorrhage than in cortical bleeding, lead-

ing to poor outcomes. The importance of surrounding
edema and its impact on nearby structures cannot be
ruled out. Basal ganglia bleed faces the major brunt due
to critical structures in the vicinity. In this study, we in-
vestigated surgical outcomes and identified prognostic
factors specifically related to basal ganglia hemorrhages
in patients who underwent surgical evacuation with or
without extraventricular drainage or ventriculoperoto-
neal shunt. The management of spontaneous ICH has
been the subject of several trials and meta-analyses in
the past. In the STITCH trial [4], the most notable stroke
trial, the superiority of surgical management over first-
line conservative best medical treatment was also not
confirmed. However, the trial’s findings could not be
generalized because there was a significant cross-over
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Table 3. Multivariate logistic regression analysis of factors associated with poor outcomes in surgically treated patients of basal ganglia

Factors OR SE (95% ClI) P
<60 Reference
Age Group (y) 0.023"
260 181 0.241 (1.09-3.02)
Right Reference
Side 0.017°
Left 1.81 0.249 (1.11-2.94)
Absent Reference
IVH Present 2.94 0.273 (1.72-5.02) <0.001"
Hydrocephalus 22.30 0.641 (6.35-78.27)
<30 Reference
el B feiE 30-60 1.51 0.669 (0.41-5.61) 0.536
toma
>60 12.73 0.690 (3.29-49.23) <0.001"
13-15 Reference
GCS Categories 08-12 2.10 0.216 (0.97-4.55) 0.061
<8 6.93 0.773 (1.52-31.51) 0.012"
<5 Reference
Midline shift (mm) <0.001"
>5 2.78 0.270 (1.64-4.73)
Male Reference
Sex 0.863
Female 0.95 0.283 (0.55-1.66)
Absent Reference
Smoking/Alcohol 0.573
Present 1.15 0.246 (0.71-1.86)

Abbreviations: OR: Odd ratio; SE: Standard error; Cl: Confidence interval; IVH: Intraventricular hemorrhage; GCS: Glasgow coma scale.

“<0.05 was considered statistically significant.

from the conservatively managed group to the surgi-
cally treated group, resulting in reduced unfavorable
outcomes observed in conservatively managed patients.
Furthermore, the STITCH Il trial [14] was biased in pa-
tient selection as it excluded patients with low GCS, hav-
ing an IVH, or those at risk of herniation (>3300)

Top of form

In 1990, Batjer et al. [15] performed a randomized
clinical trial in 21 patients with hypertensive putam-
inal hemorrhage. They concluded that despite the best
available treatment, the outcome was worse. However,
with advancements in intraoperative techniques and

post-operative critical care, the survival rate in such pa-
tients has gradually increased over some time.

A conservative approach has been advocated in most
studies when a patient presents with a hematoma vol-
ume of up to 10 cm?, minimal neurological deficit, se-
vere coagulopathy, or underlying medical conditions, or
when the patient with advanced age (over 80), makes
surgery intolerable. However, in cases of a large, life-
threatening ICH, evacuation is necessary. Minimally
invasive endoscopic approaches have become increas-
ingly prevalent over the past few years for spontaneous
ICH, while others have advocated decompressive crani-
ectomies for large hematomas with midline shift, GCS
score <8 and raised ICP not responding to medical man-
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agement. In 2012, Zhou et al. [16] performed a meta-
analysis and found that minimally invasive procedures
were superior to craniotomies. However, methodologi-
cal flaws in the research have been raised [17], war-
ranting further discussion to determine the efficacy of
these procedures. Decompressive craniectomies were
performed in only a few patients in our study, most
undergoing craniotomies and hematoma evacuation.
Ensuring a clear and unobstructed view is crucial for
complete hematoma evacuation. Craniotomy also facili-
tates easy hemostasis, leading to improved outcomes
and reduced mortality rates. Among the 271 patients in
our study, 237(87.45%) underwent craniotomies, while
34(12.54%) underwent decompressive craniectomies
with hematoma evacuation.

In this studythe mortality within the first three
months was 36.53%. However, in a study by Lahti et al.
the mortality for deep-seated bleed was 16.3% [18].
This difference could be because they included hemor-
rhages of all sizes. In our study, we only included those
patients requiring surgery for whom hematoma volume
and GCS score were major deciding factors, with rela-
tively larger volume hematoma and poor GCS requiring
surgery. Yilmaz et al. reported a mortality rate of 56%
for deep-seated hemorrages [19]. The improvement
in surgical outcomes observed in our study may be at-
tributed to advancements in preoperative and postop-
erative critical care, improved surgical techniques, and
neuroanesthesia, all of which have led to better results.
Gonzalez-Pérez et al. reported an increase in mortality
rates with an increase in age. According to them, case
fatality increased with age, reaching 29.7% for individu-
als aged 20-49 years and 54.6% for those aged 80-89
years [20]. According to the study by Kwon et al. univari-
ate analysis revealed that age exhibited no significant
effect, despite being strongly associated with clinical
outcomes [21]. Possibly explained considering that the
incidence of spontaneous ICH in the western population
is higher in older populations, the atrophic brain in such
patients counteract the effects of raised ICP due to the
hematoma. However, in the Indian subcontinent, cor-
tical atrophy does not significantly affect the outcome
due to the relatively increased incidence of basal ganglia
bleeds in the younger population. The mean age among
deceased patients was significantly higher, with no dif-
ferences in mortality rate based on sex. Thus mortality
at three months was strongly correlated with age, with
a mortality rate of 53.3% in patients >60 years.
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Our research confirms previous findings that IVH with
or without subsequent hydrocephalus is associated
with adverse outcomes. Due to the vicinity of lateral
ventricles to basal ganglia thus, with an increased inci-
dence of IVH in basal ganglia bleeds than cortical bleed,
early rupture of hemorrhage into ventricles is common,
compromising the normal pressure regulation of the
cranial vault. It has been demonstrated in animal stud-
ies [22] that the likelihood of animal death increases
proportionately with the amount of blood injected into
the ventricles. Blood in the ventricular system at the tis-
sue level causes inflammation, fibrosis and subsequent
hydrocephalus [22], further increasing mortality and
morbidity rates.

The preoperative hematoma volume is the primary
deciding factor for surgical evacuation. Many studies
have advocated that preoperative hematoma volume
on CT scans less than <20 mL can be managed conser-
vatively since it causes little mass effect. Broderick et
al. [23] in 1991 reported 93%, 64% and 23% mortality
rates for hematoma volumes >60 mL, 30-60 mL and 30
mL, respectively. Similar mortality and morbidity rates
have been reported by multiple cohorts, describing a
solid correlation between hematoma volume and sur-
vival or functional outcome in spontaneous ICH patients
[24, 25]. The pressure effect of the hematoma on the
surrounding brain tissue causes initial damage to the
brain. Subsequently, the lysis of erythrocytes liberates
various inflammatory mediators which cause secondary
damage to the brain [26, 27, 28]. All these pathological
effects increase proportionately with the size of the he-
matoma. Thus early surgery has the theoretical advan-
tage of preventing both types of damage.

Hematoma volumes less than 30 mL were associated
with good postoperative functional outcomes [29]. Con-
versely, patients with larger hematoma volumes (90 mL)
and the highest GCS score of 6 were linked to poorer
outcomes (P<0.039) [30].

Our outcome rates were similar to Broderick’s in the <
30 mL group and the >60 mL group; however, we had a
better outcome in the middle group (30-60 mL) regard-
ing GOS. This can be attributed to many patients in the
second group lying close to the minimum range value,
thus having relatively less hematoma volume.

Similar to head injuries, GCS strongly predicts clinical
outcomes in spontaneous ICH patients [31]. Apart from
prognostication; it also helps decide the management
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line in patients with deep-seated hemorrhages. In con-
trast, a GCS Score of 13 or higher favors conservative
management; surgery is recommended for patients
having a GCS score below 12 [32]. Thus, GCS scores
are an essential part of the treatment decision-making
process, and lower scores indicate that aggressive treat-
ment options such as surgery should be considered.

In our study majority of patients (82.65%) had GCS
scores between 8-12. Patients with GCS score <8 experi-
enced a worse outcome, with a mortality rate of 54.54%.
This finding is consistent with a meta-analysis published
by Gregson et al. which included 1541 randomized pa-
tients with spontaneous ICH. The meta-analysis sug-
gested that surgery may be most beneficial for those
with an intermediate GCS between 9-12, while its risks
may outweigh the benefits for those with a higher or
lower GCS [9]. Therefore, surgery should be reserved
for patients with a GCS between 9 and 12, as this group
stands to gain the most from an intervention. This find-
ing underscores the importance of weighing surgery
risks against the potential benefits for each patient with
a higher or lower GCS.

While foramen of Monro displacement was not nearly
as indicative of stroke mortality, displacement at the
septum pellucidum and coma level were strong indica-
tors of mortality [33].

Top of form

Missori et al. concluded that the amount of brain shift
at the level of the corpus callosum was related to sur-
vival in surgically treated patients with ICH. However,
brain shift at Monro’s foramen was not associated with
positive outcomes [34]. However, due to the limited
sample size, they also advocated the need for further
investigation with a larger sample size, considering
the location and volume of hematoma and associated
co-morbidities. We included all the factors mentioned
above in our study. We found that midline shift at the
level of the foramen of Monro were significantly asso-
ciated with excellent or poor surgical outcomes, with
52.32 % of patients having midline shifts greater than
5mm at the level of foramen Monro having a poor out-
come. Thus, choosing an appropriate surgical approach
and route with the least cortical damage may improve
functional outcomes. Like any other mass lesion that
causes a rise in intracranial pressure, thereby increasing
mortality or morbidity, basal ganglia bleeding also car-
ries the same potential. Therefore, large hypertensive
basal ganglia bleed requires early surgical evacuation,
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minimizing the harmful effect of raised ICP and improv-
ing the local circulation.

5. Conclusion

Hematoma drainage through craniotomies remains a
life-saving procedure in critical situations. Surgical evacu-
ation is an effective treatment option for large hyper-
tensive basal ganglia hemorrhages. Surgical outcomes
for these hemorrhages are influenced by factors such as
hematoma volume, preoperative GCS score, presence of
IVH, and the location of the bleeding (left side). Predic-
tors of a favorable surgical outcome include a hematoma
volume of less than 60 mL, absence of IVH, a GCS score of
13-15, age <60 years and a bleed on the right side.

Limitations

This study faced some limitations. The two institu-
tions’ postoperative critical care differences may have
influenced the outcomes. Other factors, such as co-
morbidities or the use of oral anticoagulants, may also
affect surgical outcomes, but they were not explicitly
addressed in our study. Additionally, the relatively short
follow-up period increases the possibility of patients
transitioning from a poor outcome group to a favorable
outcome group over time.
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