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sICH were retrospectively reviewed. MIS was performed in 35 patients, and CS was
performed in 35 patients. The surgical technique was selected based on the neu-
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prognostic factors for favorable 3-month clinical outcomes (odds ratio [OR] 0.31,
95% confidence interval [Cl] 0.10-0.96, p=0.04; OR 1.04, 95% CI 1.01-1.08, p=0.02;
OR 26.31, 95% Cl 2.46-280.95, p=0.0T, respectively). Initial hematoma volume and
MIS were significant prognostic factors for a short ICU stay (<7 days; OR 0.95; 95%
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in the MIS group experienced hematoma expansion before surgery or postoperative
rebleeding.

Conclusions: MIS was not inferior to CS in terms of clinical outcomes. The spot sign
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INTRODUCTION

Spontaneous intracerebral hemorrhage (sICH)
accounts for approximately 15-24% of all strokes.” The
sICH is the second most common subtype of strokes
and leads to severe disability or death.” Theoretically,
surgical hematoma removal may reduce mass effects
and secondary brain injuries by relieving perilesional

719 However,

edema and removing noxious chemicals.
the effectiveness of surgery for sSICH remains controver-
sial.¥”"® A few randomized trials failed to prove a role
for surgery in improving clinical outcomes in patients
with low to moderate amounts of hemorrhage, and it
has been pointed out that conventional craniotomy can
cause additional brain injury.””"® Recently, minimally
invasive surgery (MIS), including endoscopic surgery
and stereotactic or navigator-guided aspiration with
chemical or sonographic thrombolysis, has been at-
tempted in order to minimize additional brain injuries
caused by surgery itself and has shown satisfactory out-

Comes‘lzm)ls)m)zs)zzx

' Compared to conventional surgery
(CS) and medical management, MIS has some advan-
tages, such as a shorter operation time and stay in the
intensive care unit (ICU), better cost-effectiveness, less
fatigue associated with medical teams and less invasive-
ness for patients.” Meanwhile, with MIS, it is usually
difficult to remove the entire hematoma and control the
intraoperative bleeding from perforators unless there is
an endoscopic system.”*” Therefore, selection of the ap-
propriate surgical technique between MIS and CS is an-
other important issue. The purpose of this study is to in-
vestigate the effectiveness of MIS compared with CS and
the usefulness of spot sign on computed tomographic
(CT) angiography for predicting hematoma expansion
and rebleeding as well as to determine the surgical tech-

nique in patients with supratentorial sSICH.

MATERIALS AND METHODS

Selection of patients

We retrospectively reviewed 159 patients who under-

went surgery for sSICH between April 2010 and April
2019 under the approval of the institutional review
board. Among them, there were 47 patients with second-
ary ICH caused by cerebral aneurysms, vascular mal-
formations, moyamoya diseases and tumors, and 5 who
underwent decompressive surgery without hematoma
evacuation and 16 with cerebellar ICH were excluded.
Of the 91 patients, 21 patients with supratentorial ICH
more than 100 mL were excluded. Finally, 70 patients
with supratentorial sICH were enrolled in this study, and
they were divided into 2 groups: the MIS (n=35) and CS
(n=35) groups (Fig. 1).

Surgical strategies

Surgical intervention, including CS and MIS, was per-
formed in patients with the following conditions: 1) su-
pratentorial sSICH; 2) hematoma volume between 20 and
100 mL; 3) age of 18 years or more; and 4) neurological

deterioration and Glasgow coma scale of 14 or less. The
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Fig. 1. Flow diagram showing the patient selection process. ICH,
intracerebral hemorrhage.
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operative technique was generally determined according
to the following protocol. When ICH was detected on
initial CT or magnetic resonance imaging, CT angiog-
raphy was subsequently performed to determine spot
signs and some causes of bleeding, such as cerebrovas-
cular diseases and brain tumors. Patients with massive
bleeding (>100 mL), brain swelling and neurological
deterioration underwent emergent CS. Patients with a
hematoma volume less than 100 mL, those with no or
mild midline shifting and brain swelling on initial CT,
or those who had an alert, drowsy or stupor mental sta-
tus underwent follow-up CT within 4 hours from initial
presentation to evaluate hematoma progression. CS was
selected in patients with positive spot signs, hematoma
progression, brain swelling and progressive neurologi-
cal deterioration. MIS was performed in others with no
evidence of hematoma expansion, no or minimal pro-
gression of brain swelling on follow-up CT, and no or
minimal change in mental status.

MIS was conducted via burr hole trephination, cath-
eter insertion toward the center of the hematoma and
manual aspiration of the hematoma with several 10 mL
syringes, with the aid of stereotactic or navigation sys-
tems under local or general anesthesia. MIS aimed to
decrease hematoma burden, consequently relieving
perilesional edema and controlling intracranial cerebral
pressure (ICP). The drainage catheter within the hema-
toma cavity was removed 2 or 3 days after the surgery.
CS included conventional craniotomy and decompres-
sive craniectomy under general anesthesia. The aim of
CS was not only to remove the hematoma and relieve
ICP but also to find and coagulate the bleeding culprit.
According to the degree of brain swelling, craniectomy,

duroplasty and lobectomy were additionally performed.

Clinical and radiological evaluation

The patients’ baseline characteristics are summarized
in Table 1. Clinical status was evaluated with the
Glasgow Coma scale and modified Rankin scale
(mRS)."” There were no significant differences between
the 2 groups in terms of age, sex, underlying diseases,

smoking, antithrombotic use, and preoperative clinical

Table 1. Baseline characteristics and surgical outcomes

Characteristics MIS group CSgroup  pvalue
Number of patients 35 35
Age, years 58.5+13.3 57.7+13.1 0.78
(27-84) (28-84)
Male 22 (62.9) 17 (48.6) 0.23
Underlying diseases
Hypertension 18(51.4) 16 (45.7) 0.63
Diabetes mellitus 7(20.0) 4(11.4) 0.32
Current Smoking 13(37.1) 7(20.0) 0.11
Use of antithrombotics 7(20.0) 12 (34.3) 0.18
Hematoma volume
Initial volume (A), mL 54.8+19.3 68.4+18.1 <0.01
(20.396.7)  (28.6-100.0)
Removed volume (B), ML 25.1+18.8 53.6£31.0 <0.01
(0.3-82.1) (-65.3-94.5)
B/Ax100, % 46.226.6 76.5+41.8 <0.01
(0.3-100)  (-110.5-100)
Operation time, hours 0.98+0.38 3.80+1.00 <0.01
(0.33-2.08)  (1.58-6.58)
ICU stay, days 6.416.5 13.0£132  <0.01
(0-25) (1-68)
Complications in the ICU
Rebleeding 0(0) 3(8.6) 0.24
Pneumonia (8.6) 8(22.9) 0.19
Urinary tract infection (5.7) 2(5.7) 1.00
Deep vein thrombosis 0(0) 1(29) 1.00
or pulmonary
thromboembolism
Modified Rankin Scale
Preoperatively 43t09(2-5) 45t06(3-5 021
1 month after surgery 3.8t09(1-5) 39+1.3(0-5) 084
3 months after surgery  3.7¢1.1(0-5) 3.6¢1.5(0-5) 0.78
Mortality
1 month after surgery 1(2.9) 4(11.4) 0.36
3 months after surgery 1(2.9) 5(14.3) 0.20

Data are presented as the mean+SD (range) or number (%).

MIS, minimally invasive surgery; CS, conventional surgery; ICU, intensive
care unit

status. However, patients in the MIS group had a smaller
initial hematoma volume than patients in the CS group.
CT scans were performed preoperatively, immediately
after surgery and when necessary. The hematoma vol-
ume was estimated by summing the volumes of each CT
slice (area of hemorrhage in each slice [cm®]xthickness

of each slice [0.3 or 0.5 cm]). The presence of spot signs
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and tiny enhancing foci within the hematoma on CT
angiography was evaluated by a radiologist and neuro-

surgeon.””

Statistical analysis

Statistical analyses were performed with IBM SPSS
Statistics for Windows Version 25.0 (IBM Corp., Ar-
monk, NY, USA). Continuous variables are expressed as
the meantstandard deviation (range), and categorical
variables are expressed as the number of patients (per-
centage). Mann-Whitney U, Pearson’s Chi-squared and
Fisher’s exact tests were used for the comparison of base-
line characteristics and outcomes between the 2 groups.
For the comparison of serial mRS scores, the Wilcoxon
signed rank test was adopted. The prognostic factors of a
favorable clinical outcome (postoperative 3-month mRS <3)
and short ICU stay (<7 days) were assessed with uni-
variate and multivariate logistic regression models.
Prognostic factors with a p value <0.20 in the univariate
analysis were selected for the multivariate analysis. A p

value <0.05 was considered statistically significant.

RESULTS

Clinical outcomes

The clinical states in the preoperative and postopera-
tive periods are presented in Table 1 and Fig. 2. Irrespec-
tive of group, the clinical status progressively improved
in terms of mRS scores from the preoperative period to
the 3-month postoperative period, with a significant dif-
ference (Fig. 2).

The comparison of the mRS scores at each time period
between the 2 groups was not significant. The 1-month
and 3-month mortality rates were similar in both groups
(2.9% vs. 11.4%; p=0.36, 2.9% vs. 14.3%; p=0.20, respec-
tively).

In the multivariate analysis (Table 2), better preopera-
tive neurological status, higher amount of removed he-
matoma volume and a short stay in the ICU of 7 days or
less were significant prognostic factors for the favorable

3-month clinical outcomes (mRS <3; odds ratio [OR]

6 p=0.02 p=0.66

CS group

MIS group

Modified Rankin Scale

2
p<0.01 ‘ ‘ p=0.47

Preoperatively 1 month after surgery 3 months after surgery

Fig. 2. Comparison of clinical states with the modified Rankin
Scale between the minimally invasive surgery (MIS) and con-
ventional surgery (CS) groups preoperatively as well as 1 and 3
months postoperatively.

0.31, 95% confidence interval [CI] 0.10-0.96, p=0.04;
OR 1.04, 95% CI 1.01-1.08, p=0.02; OR 26.31, 95% CI
2.46-280.95, p=0.01, respectively).

ICU stay and related complications

The MIS group had a significantly shorter ICU stay
(6.4+6.5 days vs. 13.0£13.2 days; p<0.01) than the CS
group, however, ICU-related complications occurred
similarly in both groups (Table 1). The multivariate anal-
yses demonstrated that initial hematoma volume and
MIS as operation technique (over CS) were significant
prognostic factors for a short ICU stay (<7 days; OR 0.95;
95% CI 0.91-0.99; p=0.01; OR 3.91, 95% CI 1.03-14.82,
p=0.045, respectively) (Table 3).

Radiological outcomes

Patients in the MIS group had a smaller preopera-
tive hematoma volume than patients in the CS group
(54.8£19.3 mL vs. 68.4+18.1 mL; p<0.01), and the hema-
toma evacuation rate was lower in the MIS group than
in the CS group (46.2+26.6% vs. 76.5+41.8%; p<0.01)
(Table 1). Two patients (5.7%) in the CS group showed
symptomatic rebleeding after surgery, and all of them
underwent repeat operations.

Among the 70 patients, 42 patients (60%) underwent

Volume 22 - Number 3 | September 2020 159



MIS and CS for spontaneous ICH

JCEN

Table 2. Univariate and multivariate analyses for prognostic factors for favorable clinical outcomes’

Univariate analysis

Multivariate analysis

Factors
OR 95% ClI p value OR 95% Cl p value
Age 0.99 0.94-1.04 0.63
Male 111 0.31-4.03 0.87
Hypertension 0.31 0.08-1.18 0.09 0.61 0.11-3.29 0.57
Diabetes mellitus N/A
Current smoking 0.76 0.18-3.31 0.72
Antithrombotics 172 0.42-7.06 0.45
Onset to operation time 1.00 0.99-1.01 0.73
Initial hematoma volume 0.99 0.95-1.02 0.35
Removed hematoma volume% 1.02 0.99-1.04 0.14 1.04 1.01-1.08 0.02
Initial Modified Rankin scale 0.43 0.18-1.02 0.06 0.31 0.10-0.96 0.04
Short intensive care unit stay (<7 days) 712 1.39-36.48 0.02 26.31 2.46-280.95 0.01
Operation technique (MIS over CS) 0.48 0.13-1.74 0.27
* Favorable clinical outcome means modified Rankin Scale in 3 months after surgery <3.
OR, odds ratio; Cl, confidence interval; MIS, minimally invasive surgery; CS, conventional surgery
Table 3. Univariate and multivariate analyses for prognostic factors for short stay at intensive care units’
Univariate analysis Multivariate analysis
Factors
OR 95% Cl p value OR 95% Cl p value
Age 1.02 0.97-1.07 0.49
Male 0.80 0.26-2.44 0.70
Hypertension 0.45 0.15-1.37 0.16 0.84 0.21-3.40 0.81
Diabetes mellitus 0.50 0.12-2.04 0.33
Current smoking 1.80 0.51-6.38 0.36
Antithrombotics 0.563 0.14-1.95 0.34
Initial hematoma volume 0.94 0.90-0.98 <0.01 0.95 0.91-0.99 0.01
Removed hematoma volume% 0.99 0.98-1.01 0.64
Modified Rankin Scale 0.84 0.39-1.78 0.64
Operation technique (MIS over CS) 6.07 1.82-20.22 <0.01 391 1.03-14.82 0.045

* Short stay at the intensive care unit means stay <7 days.

OR, odds ratio; Cl, confidence interval; MIS, minimally invasive surgery; CS, conventional surgery

initial CT angiography, and the spot sign was observed
in 7 patients (Table 4). Of the 7 patients with positive
spot signs, 2 patients underwent MIS because there was
no hematoma expansion detected on follow-up CT. The
other 5 patients underwent CS, among whom 3 showed
hematoma expansion on follow-up CT. One of 3 patients
in the CS group showed postoperative rebleeding,
whereas there were no cases of rebleeding in the MIS
group. Of the 35 patients with a negative spot sign, 25
with no evidence of hematoma expansion on follow-up

Table 4. Spot sign on computed tomographic angiography and
rebleeding risk

Negative spot sign Positive spot sign

MIS group CS group
No rebleeding 25 9 2 4
Rebleeding 0 1 0 1

Data are presented as the number of patients.
MIS, minimally invasive surgery; CS, conventional surgery

MIS group CS group

CT underwent MIS, and the other 10 with poor neu-
rological status received CS. There were no cases of re-
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Fig. 3. Comparison of the aspirated hematoma volume from
minimally invasive surgery among different operation times from
symptom onset.

bleeding after surgery in the MIS group; however, 1 case
of rebleeding occurred after surgery in the CS group.

The aspirated volume during MIS was compared
according to the surgical timing from symptom onset
(Fig. 3). Among 35 patients who underwent MIS,
12 underwent surgery within 12 hours, 6 between 12 and
24 hours, 14 between 24 and 120 hours, and 3 after
120 hours from symptom onset. MIS after 120 hours
(87.4+8.9% [80.0-100.0%]) demonstrated the highest
efficiency in terms of hematoma aspiration compared
with surgery at the other time periods (33.3£18.4%
[2.7-58.5%] within 12 hours, 50.2+28.6% [11.5-94.2%]
between 12 and 24 hours and 46.8+24.5% [3.3-100%]
between 24 and 120 hours).

DISCUSSION

There have been several large randomized controlled
trials comparing surgery and conservative treatment for
supratentorial sSICH, and the outcomes were neutral be-

8)9)

cause of the data heterogeneity.”” The supratentorial in-

tracerebral haematomas in the international surgical tri-

al in intracerebral haemorrhage (STICH) I trial, the first
large trial regarding supratentorial ICH with a volume of
10-100 mL, showed that early craniotomy had no overall
benefit in terms of mortality and long-term function-
al outcomes compared with conservative treatment.
However, a subgroup analysis demonstrated a potential
benefit of early surgery for lobar hemorrhage located at
a depth <1 cm from the surface.” However, the STICH
IT trial, which launched based on the subgroup analysis
from the STICH I trial, also failed to demonstrate a dif-
ference.” In order to minimize conventional craniotomy
and craniectomy-related brain injuries, minimally inva-
sive surgery plus alteplase in intracerebral haemorrhage
evacuation (MISTIE) trials were designed to compare
MIS and medical treatment in groups with a moderate
volume of supratentorial sSICH. The MISTIE II trial pro-
vided some evidences of safety, no differences in 30-day
mortality or symptomatic rebleeding, and a promising
treatment effect whereby mRS scores=0-3 (>10% ab-
solute benefit) were sustained for 1 year.” In the subse-
quent MISTIE III trial, the surgical treatment did not
improve functional outcomes; however, the 6-month
and 1-year mortality rates were lower in the MIS group.”
In addition, hematoma evacuation was associated with a
significant reduction in perilesional edema."” Based on
these previous trials, MIS seems to be more beneficial
than conventional craniotomy and medical treatment
for patients with sICH.

There have been many retrospective and prospective
comparative studies regarding MIS and CS.”'?"*"%22%
A meta-analysis using only randomized controlled
trials reported that MIS was superior to CS or medical
management in terms of death or dependence at the
end of follow-up.”” Another meta-analytic study with
randomized controlled trials and some prospective trials
demonstrated that MIS was better than CS regarding
mortality, good functional outcomes and postoperative
rebleeding events.”” Another meta-analysis with a com-
bination of prospective and retrospective studies showed
better functional outcomes and hematoma evacuation
rates and lower rates of rebleeding and mortality as well

as operation times, amounts of intraoperative blood loss,
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ICU stays, hospital days, and postoperative infections
and complications.'” In this retrospective study, the
clinical outcomes were similar in the 2 groups; however,
the ICU stay was shorter in the MIS group than in the
CS group, and there were no cases of rebleeding in the
MIS group. Moreover, MIS was one of the significant
prognostic factors for a short ICU stay which was also
one of the significant factors for the favorable clinical
outcomes. MIS, at least, seems to not be inferior to CS.

In our institution, operative techniques are determined
based on hematoma volume, brain swelling, midline
shifting, hematoma softness, ability to control the bleed-
ing focus and neurological status. Some groups recom-
mend the use of MIS with hematoma volumes less than
80 mL;” however, the important factors for determining
surgical techniques include not only the hematoma vol-
ume but also ICP control. In fact, although not included
in this study, the largest hematoma volume in the MIS
group was 121 mL, in which the patient’s ICP was well
controlled by removing the hematoma without addi-
tional medical support to reduce the ICP. Conversely, in
patients with a moderate amount of hematoma, but high
ICP and poor neurological status, CS is more appropri-
ate than MIS. One of the important selection criteria for
MIS is the possibility of rebleeding. Rebleeding is known
to be related to a poor functional outcome."” The au-
thors of this study performed simple hematoma aspira-
tion based on the spot sign detected on CT angiography
as well as hematoma expansion detected on follow-up
CT. The spot sign is well known to be positively associat-
ed with hematoma expansion and is useful to predict in-
traoperative and postoperative rebleeding.”'”"” None of
the patients with a negative spot sign in the MIS group
had rebleeding, and rebleeding occurred only in the CS
group. The spot sign seems to be a useful radiological
marker for determining the operation technique as well
as for predicting rebleeding. For patients with a high risk
of rebleeding and hematoma expansion, CS or MIS with
a neuroendoscopic system capable of controlling bleed-
ing should be considered.

The hematoma evacuation rate and its clinical meaning

are still inconclusive. In this study, approximately 77%

and 46% of the hematoma was removed in the CS and
MIS groups, respectively. A low rate of hematoma evacu-
ation is a drawback of simple aspiration techniques used
in MIS. Actually, removed hematoma volume was ana-
lyzed one of significant prognostic factors for favorable
clinical outcome although there was no difference in the
clinical outcomes between the 2 groups. A randomized
controlled study and meta-analysis reported that the
hematoma evacuation rate was lower with simple aspira-
tion than with neuroendoscopic MIS and CS; however,
there was no analysis of the hematoma evacuation rate
and its clinical implication.z)w) In the MISTIE III trial,”
simple aspiration with alteplase thrombolysis achieved
approximately 70% evacuation of the initial hematoma.
Clot size reduction to 15 mL or less was related to better
1-year functional outcomes. In addition, the volume of
the remaining hematoma was positively associated with
the extent of perilesional edema,'” and a recent study
showed that growth of perilesional edema was related to
a high 6-month mortality rate.”” Although further stud-
ies are needed, effective MIS techniques such as the use
of a neuroendoscope should be considered to increase
the evacuation rate without additional risks and to im-
prove clinical outcomes.

Optimal surgical timing can be important in terms of
rebleeding risks and secondary brain injuries. Recently,
there have been contradictory opinions about early sur-
gery, which increases the risk of rebleeding versus im-
proves the prognosis by reducing secondary insults.””*”
A subgroup analysis in the STICH II trial demonstrated
that patients operated on before 21 hours from ictus had
a trend towards a better outcome.” Clinical guidelines
from the American Stroke Association suggest that early
surgery (within 8 hours after hemorrhage) improves out-
comes and that ultra-early surgery (within 4 hours from
ictus) is associated with an increased risk of rebleeding.”
The optimal timing of MIS for sICH has not been es-
tablished. A meta-analysis suggested that MIS showed a
significantly better clinical outcome, lower mortality rate
and higher hematoma evacuation rate than CS within
24 hours.'” With the concept that ultra-early surgery
can cause rebleeding, and that delayed surgery cannot
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achieve a high hematoma evacuation rate due to clot
hardening and a favorable clinical outcome due to pro-
gression of secondary injury, the authors tried to per-
form MIS between 6 and 12 hours from symptom onset.
In this study, however, there were no such differences
within 120 hours, and the hematoma evacuation rate be-
yond 120 hours from symptom onset was the highest. In
addition, there was no rebleeding case in the MIS group.
Prospective studies are needed to confirm the optimal
operation timing, and MIS with advanced tools such as
neuroendoscopes and ultrasound is expected to safely
remove sufficient hematoma volumes, irrespective of
rebleeding risk and clot hardness.'”"”

Our study had some limitations. First, it was a retro-
spective, small-sized and single-center study. Second,
preoperative CT angiography data were incomplete.
However, approximately 80% of patients in the MIS
group had preoperative CT angiography data, and this
was sufficient to confirm the usefulness of the spot sign
for selecting the surgical technique and predicting
rebleeding.

CONCLUSIONS

Although baseline characteristics such as the initial
hematoma volume were different between the 2 groups,
MIS was not inferior to CS in terms of clinical outcomes.
In addition, the ICU stay was shorter, and there were no
cases of rebleeding after surgery in the MIS group, com-
pared with the CS group. In the multivariate analysis,
more hematoma removal, better initial neurological sta-
tus and short ICU stay were prognostic factors for favor-
able 3-month clinical outcomes, and initial hematoma
volume and MIS were the significant factors for a short
ICU stay. Therefore, MIS is considered an effective sur-
gical technique for sSICH. As the patients with a negative
spot sign depicted on initial CT angiography showed no
evidence of hematoma expansion during the follow-up
before surgery and as there were no cases of rebleeding
after surgery in the MIS group, the spot sign can be use-
ful for determining the surgical method as well as for

predicting hematoma expansion, which is already well
known.”” Further randomized and prospective studies

will provide more significant and confirmed information.

Disclosure
The authors report no conflict of interest concerning
the materials or methods used in this study or the find-

ings specified in this paper.
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