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ABSTRACT

Objectives: Intracerebral Hemorrhage (ICH) is a devastating form of stroke and accounts for 10-15% of all cases.
The management of ICH has predominantly been directed towards medical management. Multiple trials have
failed to prove the superiority of surgical evacuation over conservative methods. However, surgery in a carefully
selected set of patients is beneficial in reducing mortality and limiting disability. In this article, we retro-
spectively analysed our ICH register to compare the outcomes of surgical and conservative management of
patients < 70 years having a clot volume above 30 ml.

Patients and Methods: We retrospectively analysed patients with ICH admitted at our centre between January
2015 and December 2017. A total of 119/624 patients with supratentorial hematoma volume > 30 ml, GCS = 5
and age less than 70 were included in this study.

Results: The group was dichotomised into two groups A & B based on the management. Seventy-two (60.5%)
patients underwent surgical intervention in group A and the remaining 47 (39.5%) were managed by best
possible conservative methods in group B. The mean age in Group A was 51.01 years and 55.89 years in group B
(P = 0.012). The volume of hematoma in the surgical group was 46.5 * 14.9ml in comparison to
38.53 + 10.84 ml in the medically managed group (p = 0.002). Mortality at 90 days was 27/47 (57.44%) in the
medically managed group while 23/72 (31.9%) in the surgical group (p = 0.006). Median mRS at discharge and
90 days were nearly identical and there was no significant difference in the dichotomized outcome among the
two different management cohorts (p > 0.05). Mortality was the highest in the 30-50 ml medically managed
group and > 51 ml surgical group (p = 0.024). Age of the patient, GCS on presentation and medical manage-
ment were independent predictors of mortality on logistic regression. The Cox Regression survival analysis of the
two groups showed a clear survival advantage in the surgically managed group adjusting for age and GCS
(p = 0.002) at 90 days.

Conclusion: Surgical Evacuation of spontaneous intracerebral haemorrhage has a survival advantage at 90 days
in moderate to large sized hematomas. It, however, did not demonstrate any quantifiable improvement in
functional outcome. Surgical evacuation of moderate-sized hematomas reduces mortality caused by delayed
perihematomal oedema.

1. Introduction

and reasoning suggest that early evacuation through the shortest tra-
jectory should reduce ICP and limit the harmful effects of haemoglobin

Intracerebral haemorrhage (ICH) is the second leading cause of
stroke, accounting for 10-15% and around 1 million cases every year
worldwide [1]. It accounts for a high mortality of 30-50% and nearly
2/3rds remain disabled [1-3].

Management of ICH poses a considerable dilemma. There is no
convincing evidence of benefit from any medical treatment, and the
role of surgery remains controversial [4]. Surgery has been typically
reserved for young patients with deteriorating GCS scores [5]. Logic
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breakdown byproducts [1,6,7]. It has been, however, observed that
prompt clot evacuation and a clean post-operative scan does not
translate into good clinical outcome. Deep hematomas are inaccessible,
and it is believed that the surgical path to evacuate them might add to
the existing damage. Therefore, most neurologists are more likely to
adopt conservative treatment rather than surgically removing the deep
hematoma. The only conclusive evidence for surgical evacuation re-
mains for cerebellar hematomas > 3 ¢m [8] and lobar hematomas close
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the (< 1 cm) the surface [9].

The first randomised trial was published in 1961 by McKissock [10]
which concluded that surgery might worsen outcomes in ICH. Treat-
ment of ICH has been based on the findings of this study for almost half
a century. Later on Fernandes et al. in 2000 and a few others, observed
benefits from surgery with a reduction in death and dependency by a
factor of 0.63[11,12]. The landmark International Surgical Trial in In-
tracerebral Haemorrhage (STICH) in 2005, again had a negative effect
on surgery. A decade after the STICH trial, the 2015 guidelines for the
management of ICH formulated surgical guidelines largely based on the
conclusions of the STICH trial [8].

The results of the STICH I trial has had such a detrimental impact
that it led to a significant reduction in the hematoma evacuation sur-
geries in Newcastle from 32% in 2002 to 17% in 2007 [13]. However,
in the United States, surgical evacuation rates have remained more or
less constant throughout the decade [14]. There appear to be huge
variations existing between different regions concerning hematoma
evacuation surgeries, with evacuation rates as high as 74% in Lithuania
and as low as 2% in Hungary [4]. The ethical issues and cost have
further diminished the interest of clinicians to perform a prospective
surgical randomised control trial. The Early Surgery versus Initial
Conservative Treatment in Patients with Traumatic Intracerebral He-
morrhage (STITCH trauma) trial is a good failed example of this effort
where the study did not recruit the said number of patients due to
concerns over funding [15]. Most of the other studies, have been small
case series and only 14 planned and systematic trials have been con-
ducted and a total of fewer than 5000 patients have been studied as part
of a trial so far on this rather common medical emergency
[9-11,16-22]. Of late, there has also been a renewed interest in de-
compressive craniectomy for ICH on lines of its ischemic counterpart
with an international multicentric trial, the Swiss Trial of Decom-
pressive Craniectomy Versus Best Medical Treatment of Spontaneous
Supratentorial Intracerebral Hemorrhage (SWITCH) in progress. (23)

However, several recent studies have renewed interest in surgery for
ICH and have had a positive impact on surgery [22,24-28] This article
is an attempt to retrospectively analyse our Spontaneous Intracerebral
haemorrhage (SICH) register and compare the outcomes of surgical and
conservative management of patients with ICH having a clot volume
above 30 ml.

2. Materials and methods

This was a retrospective study conducted at Kasturba Medical
College, Manipal between January 2015 and December 2017. A total of
624 patients were admitted with spontaneous intracerebral haemor-
rhage were treated during this period. All patient data and follow up
details were recorded prospectively in an online SICH register main-
tained at our hospital. Patients with supratentorial hematoma vo-
lume > 30ml, GCS = 5 and age less than 70 were included in this
study. Patients with haemorrhage secondary to vascular malformations,
aneurysms, coagulation abnormalities and traumatic hematomas were
excluded. A computed tomography (CT) of the brain was performed at
the time of admission and 24 h in conservatively managed cases and
postoperatively at 12h in operated cases. Hematoma volume was cal-
culated by the axbxc/2 method [29]. Surgical intervention was offered
to all patients admitted within the above inclusion criteria as a part of
our protocol to manage large supratentorial hematomas after ex-
plaining the risks, benefits and probable long term permanent dis-
ability. Surgery at our centre involved mini craniotomy or a large fronto
temporo parietal decompressive craniectomy. Hematoma evacuation
through the middle frontal gyrus through a small cortisectomy / trans —
sulcal was the standard treatment in both techniques. Conservative
management was continued for all patients who refused surgical eva-
cuation of hematoma and best medical management prescribed by the
2015 AHA guidelines were followed [8]. This included blood pressure
control with intravenous and oral anti-hypertensives with a target
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blood pressure of 140mmbhg, intubation and ventilation of patients with
GCS < 8, intravenous sedation with midazolam and morphine; anti-
edema measures intravenous 20% mannitol 2 g iv/day for three days in
tapered dosing. Oedema when persisting after the third day, in-
travenous 3% hypertonic saline was administered for five days with
regular monitoring of serum osmolality and sodium levels. Outcome
was measured using the modified ranking score at discharge and 90
days. Patients who failed to attend the clinic were evaluated with a
telephonic mRS [30]. Good outcome was defined as an mRS of 0-3 and
poor outcome as 4-6 at 90 days.

A total of 119 patients fulfilled the above criteria and were included
in our analysis. While 72 patients underwent surgical evacuation of
hematoma, 47 patients were managed conservatively. Preoperative
clinical, radiological and postoperative outcome were compared be-
tween the two groups. Descriptive statistics mean, median and standard
deviation were reported for continuous variables. Student t-test applied
for continuous variables and Chi-Square test was used for categorical
data. A p value of < 0.05 was considered significant. Binary Logistic
regression in step forward method was applied to determine the in-
dependent predictors of mortality in our cohort. Cox regression survival
analysis was done to report any survival advantage among the two
groups.

3. Results

Our study included 119 patients, with a mean age of 52.97 + 10.22
years, predominantly male dominated (98:21). The group was dichot-
omized into two groups A & B based on the management. Seventy-two
(60.5%) patients underwent surgical intervention, 54 in the form of
mini craniotomy and 18 decompressive craniectomies. There was no
difference in the mortality or outcome concerning these two surgical
techniques (p = 0.8). The remaining 47 (39.5%) were managed by the
best possible conservative means described earlier. The mean age in
Group A was 51.01 years and 55.89 years in group B (P = 0.012). The
median GCS in the two groups were 9 and ten respectively. Other de-
mographic and clinical parameters of the two groups are summarised in
Table 1.

Majority of the hematomas were located in the basal ganglia region
(84.03%). The side of the hematoma did not influence our choice of
management (p = 0.957) (Table 2). Larger hematomas > 40 ml were
predominantly managed surgically. The volume of hematoma in the
surgical group was 46.5 * 149ml in comparison to
38.53 + 10.84ml in the medically managed group (p = 0.002). In-
traventricular extension was noted in 44 patients in the surgical group
and 27 in the medically managed group (p = 0.69). Median mRS at
discharge and 90 days were nearly identical, and there was no sig-
nificant difference in the dichotomised outcome among the two

Table 1
Demographic, risk factors and clinical presentation of our group.

Surgery (72) Conservative (47) P

Age in years (mean) 51.01 55.89 0.012
< 50 years 36 (69.2%) 16 (30.8%) 0.086
> 50 years 36 (53.7%) 31 (46.3%)

Sex

Male 62 (63.2%) 36 (37.7%) 0.183

Female 10 (45.4%) 11 (54.6%)

Hypertension 44 (65.6%) 23 (34.4%) 0.191

Diabetes Mellitus 12 (46.1%) 14 (53.9%) 0.09

Ecospirin 5 (62.5%) 3 (37.5%) 0.889
Systolic Blood Pressure (mmHg) 180.97 182.97 0.806

Diastolic Blood Pressure (mmHg) 102.64 102.34 0.908
GCs 9 (47.3%) 10 (52.7%) 0.095
GCS < 8 35 (71.4%) 14 (28.6%) 0.04

Blood Glucose on admission (mg/dL)  176.49 167.65 0.759
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Table 2
Radiological parameters of our dichotomised cohort.
Surgery (72) Conservative (47) P

Side 0.957
Right 41 (60.3%) 27(39.7%)
Left 31 (60.8%) 20 (39.2%)
Volume of hematoma(ml) 46.5 38.53 0.002
30-40ml 35 (49.3%) 36 (50.7%) 0.013
41-50 ml 15 (71.4%) 7 (28.6%)
51-80ml 20 (83.3%) 4 (16.6%)
> 81ml 2 (100%) 0
Intraventricular extension 44 (62%) 27 (38%) 0.69
Growth 6 (75%) 2 (25%) 0.363
Hydrocephalus 14 (48.3%) 15 (51.7%) 0.121
External ventricular drain 1 (20%) 4 (80%) 0.05
Location 0.201
Lobar 9 (47.4%) 10 (52.6%)
Basal Ganglia 63 (63%) 37 (37%)

Table 3

Outcome parameters.

Surgery (72) Conservative (47) P

mRS at Discharge 5 5 0.805
mRs at 3 months 4 6 0.371
Alive 49 (71%) 20 (29%) 0.006
Dead at 3 months 23 (46%) 27 (54%)
Good Outcome 19 (61.3%) 12 (38.7%)
Bad Outcome 53 (60.2%) 35 (39.8%) 0.917

different management cohorts (p > 0.05) (Table 3).

Mortality at 90 days was 27/47 (57.44%) in the medically managed
group while 23/72 (31.9%) in the surgical group (p = 0.006). Among
the dead patients, the mean age was 53 and 59 years (p = 0.054),
median GCS on admission was 7 and 9 (p = 0.13), and hematoma vo-
lume was 50.47 ml and 41.59ml (p = 0.039) in the two groups re-
spectively. On further stratification of GCS, 14/27 (51.85%) patients
with GCS > 8 died in the medically managed group, while only 5/23
(8.6%) died in the surgical group (0.029). In the medically managed
group, 18 deaths were in patients with hematoma volume 30-50
comprising of 66.6% of deaths in this group. Mortality was the highest
in the 30-50 ml medically managed group 23/27, and > 51 ml surgical
group (p = 0.024). Location of Hematoma, survival in days following
ictus, IVE and ICH score among the two groups were similar not
reaching statistical significance. Admission blood glucose was sig-
nificantly higher at 201.39 + 41.24 mg/dl in the surgical group com-
pared to 164.54 + 56.01 mg/dl in the medically managed group.
(Table 4). It was also observed that patients with medically managed
smaller hematomas (31-40 ml) had a mean survival of 20.05 days in
comparison to a mean hospital stay of 13.05days. Binary logistic re-
gression was performed to assesses independent predictors of mortality
in our cohort. Age of the patient, GCS on presentation and medical
management were independent predictors of mortality, while the vo-
lume of hematoma and intraventricular extension failed to reach sta-
tistical significance. Medical management had the highest odds of death
at 4.67 (Table 5). The accuracy of this model was 73.1% with a sensi-
tivity of 82.6% and specificity of 60%. Cox Regression analysis for
survival at 90 days adjusted for age and GCS showed a survival ad-
vantage in the surgical group (Fig. 1).

4. Discussion

Multiple trials and studies have tried to address the role of surgery
in primary ICH, the most notable among them being the STICH trials
[9,11,17,19,22,31,32]. A fair summary of STICH I trial is that except for
possibly those with superficial ICHs, craniotomy at one day or longer
after onset is not better than standard medical management with

Table 4
Subgroup analysis of deceased patients in both the groups.
Surgical Group Medical Group P
(n = 23) (n = 27)

Age
Mean (years) 53 59 0.054
30-40 years 2 (66.7%) 1 (33.3%) 0.449
41-50 years 8 (57.1%) 6 (42.9%)
51-60 years 6 (50%) 6 (50%)
> 61 years 7 (33.3%) 14 (66.7%)
Glasgow Coma Scale
Mean 7 9 0.13
GCS 4-8 18(58.1%) 13 (41.9%) 0.029
GCS 9-15 5(26.3%) 14 (73.7%)
Side
Right 13 (46.4%) 15(53.6%) 0.945
Left 10(45.5%) 12(54.5%)
Hematoma Volume
Mean (ml) 50.47 41.59 0.039
30-50 13(36.1%) 23(63.9%) 0.024
> 51 10(71.4%) 4(28.6%)
Location
Deep Hemorrhage 22(48.9%) 23(51.1%) 0.219
Lobar Hemorrhage 1(20%) 4(80%)
Intraventricular Extension  18(47.4%) 20(52.65%) 0.73
ICH Score (mean) 2.7 2.5 0.205
Survival Days 18.34 14.81 0.047
Blood Glucose 201.39 164.54 0.013
Mortality
At Discharge 9 (42.9%) 12 (57.1%)

After Discharge 14 (48.2%) 15 (51.8%)

Table 5

Logistic Regression analysis of factors influencing mortality.
Parameter OR P 95%CI
Glasgow coma score 0.658 < 0.001 0.545-0.793
Age 1.074 0.003 1.025-1.125
Medical Management 4.679 0.003 1.715-12.765

delayed surgery if necessary [9]. STICH I and the subsequent STICH II
trials were subjected to widespread criticisms especially with regards to
the timing of surgery, large crossovers from medical arm to surgical arm
and the fact that minimally invasive techniques were hardly used. A
Cochrane review by Prasad et al. which included ten trials concluded
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Fig. 1. Cox Regression analysis for conservative and surgical management ad-
justed for age and GCS on presentation.
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that surgery added to medical management reduces the odds of being
dead or dependent compared with medical management alone
(OR = 0.71, 95% confidence interval (CI) 0.58 to 0.88; p = 0.001).
[33].

Age, GCS on presentation, the volume of hematoma, are well-es-
tablished predictors of poor outcome in ICH [34,35]. Our logistic re-
gression model determined Age, GCS and medical management as
predictors of mortality. In our study, we retrospectively analysed pa-
tients < 70 years with hematoma volumes > 30 ml and GCS > 5. Pa-
tients above 70 years and GCS of <4 are known to have a poor outcome
and were excluded from this study cohort [36]. A subgroup analysis of
the STICH data was attempted by Gregson et al. to pool all available
original data from all available surgical trials to carry out an individual
patient data meta-analysis [37]. The meta-analysis concluded that the
outcome is better if surgery is done within 8 h of ictus (p = 0.003),
volume of the haematoma is 20-50 ml. (p = 0.004), GCS is between 9
and 12 (p = 0.0009), patient is aged between 50 and 69 (p = 0.01) and
the hematoma is superficial with no IVH (p = 0.09). In our study,
median GCS of patients who were operated was nine while those
managed conservatively was 10 (P = 0.09). 35/49 (71.4%) of the pa-
tients with GCS < 8 were taken up for surgery while the remaining 14/
49 were managed conservatively. In spite of this disparity medically
managed group accounted for 73.7% (14/19) of the mortality in pa-
tients with GCS 9-15.

Volume of hematoma is also an important predictor of mortality in
ICH. [38,39] However, in our study, it failed to be an independent
predictor of mortality as our study comprised of patients with hema-
toma volume > 30 ml. In this cohort, smaller hematomas had a higher
probability of being managed conservatively (46.5ml vs 38.5ml,
p = 0.002). This bias could be explained by the fact that smaller he-
matomas present with better GCS on presentation and family members
often refuse surgical intervention and opt-in for conservative manage-
ment after considering the risk/benefit ratio of surgery. Our study had a
total of 71 patients with hematoma volume 30-40 ml. Of these, 35 were
managed surgically and 36 were managed conservatively. Mortality
was 9/35 (25.7%) in the surgical group and 18/36 (50%) in the
medically managed group. These patients tend to have a higher mor-
tality than their surgical counterparts. Similarly, in the 41-50 ml sub
group, 4/15 (26.6%) patients in the surgical group and 5/7 (71.4%) in
the medical cohort succumbed at 90 days. Larger hematomas were
predominantly managed surgically with more mortality in the surgical
group. Although smaller hematomas were managed conservatively
larger number of deaths were reported in this group. In our group of 27
medically managed patients who died, 18 were with volume 30-40 and
nine were with volume > 41 ml. The mean duration of survival in these
two groups were 22.94 + 22.94 days and 4.33 + 4.44 days. In addition
to the above analysis, we noticed medically managed (between
30-40 ml) patients who succumbed to the illness, survived for an
average of seven days following their discharge.

We could presume that the higher rates of mortality in con-
servatively managed smaller hematomas could be secondary to peri-
hematomal oedema [40,41] which increases rapidly in the first 48 h
and reaches its peak at two weeks following haemorrhage [42]. Surgery
remains at the forefront in combating oedema by clot evacuation as
mentioned by several authors [43,44]. It improves CBF on the ipsi-
lateral side as shown in a single-photon-emission computed tomo-
graphy (SPECT) study [45]. Hematoma growth is another important
cause of deterioration in patients with small hematomas but more
common within the first few hours [8,46]. A total of 8 patients had
hematoma expansion and two of these were in the medically managed
group. While 2/2 (100%) of these patients managed conservatively
died, 6/6 (100%) survived following surgery.

Previous studies have shown that the SICH patients with in-
traventricular extension were more likely to have a poor outcome in
previous studies [47]. In our study, IVE was seen in 44/72 (61.1%)
patients in the surgically managed group and 27/47 (57.44%) in the
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medical treatment arm. It also did not have any association with mor-
tality (P = 0.73). Similarly, blood glucose has been a poor outcome
predictor in several studies [48-50]. Blood glucose in our dead sub-
group of surgical patients was higher than the medically managed
group. This is following the author's article that higher glucose levels
are a consequence of the severity of SICH [51].

In spite of the difference in numbers in the two groups, surgery
offered a definite survival advantage over the medically managed
group. (49/72, 68.05% in the surgical group vs 20/47, 42.55% in the
medical group, p = 0.006). However, functional outcome measured by
the mRS score did not show any statistical significance at 90 days (Good
Outcome 19 vs 12, Poor Outcome 53 vs 35) in the two dichotomised
groups. Medically managed patients with smaller hematomas and
better GCS had higher rates of mortality.

Limitations :

This is a retrospective observational study from an ICH register and
is bound to have flaws. Patients with smaller hematomas and better
GCS were managed conservatively in comparison to their surgical co-
hort. mRS was measured at 90 days, which is a short duration to assess
functional outcome in ICH after surgery. Perihematoma oedema could
not be measured volumetrically.

5. Conclusion

Surgical Evacuation of spontaneous intracerebral haemorrhage has
a definite survival advantage at 90 days. It failed to demonstrate and
quantifiable improvement in functional outcome. It helps reduce mor-
tality in moderate-sized hematomas (30-50 ml) by combating delayed
perihematomal oedema. Well-designed large volume randomised con-
trol trials focussing on newly developed minimally invasive surgical
techniques are essential to re-establish the supremacy of meticulous
surgical evacuation in improving survival and functional outcome in
ICH.

Data availability

The data used to support the findings of this study are available
from the corresponding author upon request.
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