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Abstract BN
This retrospective study aimed to evaluate the effectiveness and safety of 3 surgical procedures for Spontaneous Supratentorial |
Intracerebral Hemorrhage (SICH).

A total of 63 patients with SICH were randomized into 3 groups. Group A (n=21) underwent craniotomy surgery, group B (h=22)
underwent burr hole, urokinase infusion and catheter drainage, and group C (n=20) underwent neuroendoscopic surgery. The
hematoma evacuation rate of the operation was analyzed by 3D Slice software and the average surgery time, visualization during
operation, decompressive effect, mortality, Glasgow Coma Scale (GCS) improvement, complications include rebleeding,
pneumonia, intracranial infection were also compared among 3 groups.

All procedures were successfully completed and the hematoma evacuation rate was significant differences among 3 groups which
were 79.8%, 43.1%, 89.3% respectively (P<.01), and group C was the highest group. Group B was smallest traumatic one and
shared the shortest operation time, but for the lack of hemostasis, it also the highest rebleeding group (P=.03). Although there were
different in complications, but there was no significant in pneumonia, intracranial infection, GCS improvement and mortality rate.

All these 3 methods had its own advantages and shortcomings, and every approach had its indications for SICH. Although for
neuroendoscopic technical’s minimal invasive, direct vision, effectively hematoma evacuation rate, and the relatively optimistic result,
it might be a more promising approach for SICH.

Abbreviations: DC = decompressive craniotomy, GCS = Glasgow Coma Scale, ICP = intracranial pressure, MIS = minimally
invasive surgery, SICH = spontaneous supratentorial intracerebral hemorrhage.
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1. Introduction

Spontaneous supratentorial intracerebral hemorrhage (SICH) is
the second most common subtype and responsible for 9% to
27% of all strokes!"! worldwide, which affects more than §
million people each year.!?! SICH is one of the deadliest disease,
with a 30-day mortality of approximately 40%! and increasing
to 54% at 1-year.*! Long-term survivors are often saddled with

permanent deficits, with up to 75% suffering significant
disability™ and only 12% to 39% of the survivors have
favorable neurological functions recovered.>®! Although the
incidence and mortality of hemorrhagic stroke decreased by
19%, 38% respectively in high-income countries, it increased by
6% in low- and middle-income countries and the burden of
hemorrhagic stroke has increased between 1990 and 2010 by
47%.71 In China, there was a noticeable increase of stroke
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incidence over the last 3 decades and the current stroke incidence
(247/100,000) and mortality rates (115/100,000) in China
appear to be the highest in the world. The proportion of SICH
in China (25%) in 201 to 2013 was significantly greater than in
high-income countries and similar to that observed in other low-
to middle-income countries (14%-27%).[%!

Although such a poor outcome and no effective inter-
ventions available,'”! timely medical treatment was critical for
SICH and optimal management was a priority. Even most
patients could be managed conservatively; for patients with an
extensive ICH, surgical evacuation of the hematoma was
required available immediate.'®'") Recent reports have
shown that the surgical methods which mainly including
craniotomy, burr hole, urokinase infusion, and catheter
drainage, neuroendoscopic surgery for SICH are safe and
effective.l'>!3! However, which method is more better for
SICH still lacking supporting evidence from controlled trials
and remains difficult to select. In this study, we attempted to
compare these 3 surgical methods for SICH and want to find a
more promising treatment.

2. Materials and methods

2.1. Patient population

A total of 63 patients with SICH was studied retrospectively in
our department between June 2015 and December 2016. All
patients were diagnosed with SICH on initial computed
tomography (CT) scans and the intracerebral hemorrhage
(ICH) volume was calculated by 3D Slicer Software (http://
www.slicer.org). These patients were divided into 3 groups:
craniotomy group (Group A, n=21), burr hole, urokinase
infusion, and catheter drainage group (Group B, n=22), and
neuroendoscopic surgery group (Group C, n=20).

2.2. Inclusion and exclusion criteria

Inclusion criteria for the patients in this study were as follows:
diagnosed with acute SICH; CT scan showed hemorrhage from
the subcortex, basal ganglia, internal capsule or thalamus, with
or without intraventricular extension, and hematoma volume
was 20 mL or above; Glasgow Coma Scale (GCS) scores > 5;
stable vital signs. Exclusion criteria: the intracerebral hemorrhage
was caused by secondary factors (eg, arteriovenous malforma-
tion; aneurysm; tumor stroke; head injury); GCS < 5; multiple
intracranial hemorrhage; serious visceral disease or clotting
disorders.

2.3. Surgical management

This study was approved by ethics committee of Renmin Hospital
of Wuhan University. All methods were performed in accordance
with the relevant guidelines and regulations and informed
consents were obtained from all the subjects.

2.3.1. Craniotomy. In the craniotomy group, all patients
underwent general anesthesia and hematoma evacuation was
assisted by operative microscope. After open the dura, a small
cortisectomy site was created and the hematoma cavity was
entered. The hematoma was gradually evacuated by mild suction
and active bleeding was controlled with standard neurosurgical
techniques. After hematoma removal, the dura mater was closed
by tension suture. Bone flap decompression was performed
depending on the patients’ preoperative condition and the degree
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of intraoperative control of cerebral pressure. In some conditions,
an extraventricular drainage was conducted before or after the
operation.

2.3.2. Burr hole, urokinase infusion, and catheter drainage.
Under general anaesthesia in the operating room, we placed a
soft catheter into hematoma through a burr hole. The entry
spot will be based on the result of image guidance to avoid
functional domains and blood vessels. Clot aspiration was
done with a 10 mL syringe until there was no longer any fluid
component of the clot in the aspirate or until first resistance.
And then the soft catheter connected to a 3-way stopcock and
closed drainage system. Postoperative CT was done to
confirm positioning of the soft catheter and stability of the
residual hematoma. Hematoma was continuously liquefied by
fibrinolysis agent (containing 20000U-40000U urokinase/2—
3mL saline solution) for 2 to 4 days. Routine CT follow-up
was carried out 24hours postoperatively and at 72hours
before catheter removal.

2.3.3. Neuroendoscopic surgery. The surgical procedure was
performed with patients under general anesthesia and in the
supine position. For patients with nondominant-side, we used the
corridor that traverses the shortest distance to the hematoma.
Although for patients with deep hemorrhage on the dominant
side, usually the transcortical corridor through the middle
temporal gyrus was used. Usually, a linear scalp incision (4-5 cm)
was made at the entry site. Then, a small circular craniotomy
bone flap (approximately 2.5 cm in diameter) was made and the
dura was tending. With the dura opened in cruciate fashion and a
cortical incision was made (Fig. 1 A), a transparent sheath was
inserted into the hematoma cavity (Fig. 1 B). A endoscope (Karl
Storz, Germany) was introduced into the space and the
hematoma will be evacuated under direct vision (Fig. 1 B). With
adjusting the endoscope, most of the hematoma could be
removed. But for the stiffly attached clot which usually the
bleeding source, the suction power was controlled and this part of
the clot was kept to avoid bleeding. For small bleeding vessels, a
monopolar tip was used for coagulation the bleeding. To avoid
brain tissue damage, the hematoma was removed under direct
vision and hemostasis was completed by endoscopy. After
removal of the hematoma, a soft catheter was inserted into the
hematoma cavity to drain any residual liquid hematoma (Fig. 1
C) and the subdural space was checked (Fig. 1 D). After
evacuation of the hematoma, the bone flap was reset and fixed,
and then the scalp was closed (Fig. 1 D, E).

2.4. Postoperative management

After hematoma evacuation, the patients were managed in the
neurosurgical intensive care unit. Postoperative systolic blood
pressure must be strictly controlled at <160 mmHg, and the
presence of excessive fluid was not allowed. All patients
underwent a follow-up CT scan within 3 days after surgery, 1
week after surgery, and at discharge. Hematoma volumes were
calculated by 3D Slice software and the hematoma evacuation
rate was calculated as follows: [(preoperative hematoma volume
— postoperative hematoma volume)/preoperative hematoma
volume] x 100%.

Outcomes include average surgery time, hematoma evacuation
rate, visualization during operation, decompressive effects,
mortality, GCS improvement, complications include rebleeding,
pneumonia, and intracranial infection were analyzed.
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Figure 1. Intraoperative images of neuroendoscopic surgery. A, After open the dura matter, the ICP was high. B, A transparent sheath was inserted into the
hematoma cavity and hematoma was evacuated. C, A catheter was inserted into the hematoma cavity to drain any residual liquid hematoma after the hematoma
removed. D, When operation finished, the ICP was drop and subdural space was checked. E, The small bone flap was recovered and fixed. F, The skin incision was

short, only about 4cm long.

2.5, Statistical analysis

SPSS 20.0 was used in this study, and measure mean data were
expressed as mean+SD. Significance level was set to 5%.
Demographic and clinical characteristics of the participants were
compared between groups upon admission using one-way
analysis of variance (ANOVA). One-way ANOVA was also
used to examine the GCS improvement, whereas categorical data
were compared using x” tests.

3. Results

All cases among 3 groups could be matched each other and there
was no significant differences among 3 groups in the baseline
characteristics which including age, sex, the median preoperative
GCS score, preoperative hematoma volume (Table 1).

In group A, the total number of patients was 21, 14 men and 7
women, ranging in age from 24 to 81 years (mean age, 57.4+
14.6 ys). The median preoperative GCS score was 7.2 +2.0 and
preoperative hematoma volume was between 27 and 90 mL
(mean, 56.3+23.5mL). In group B, the total number of patients
was 22, including 13 men and 9 women, ranging in age from 35
to 86 years (mean age, 58.7+12.4 ys). The median preoperative

General information of the 63 SICH patients.

Group A Group B Group C P
Number, n 21 22 20
Age, y 57.4+14.6 58.7+12.4 59.6+10.1 .857
Sex ratio (M:F) 14:7 13:9 11:9 739
Preop GCS score 72420 8.3+20 76427 278
GCS score at discharge 11.6+39 11.9+3.8 12.0+4.7 .954
Preop ICH volume, mL 56.3+23.5 44.3+18.0 51.7+£19.6 162
Postop ICH volume, mL 10.4+6.1 24.0+16.4 5.50+5.0 .00

GCS score was 8.3 +2.0 and preoperative hematoma volume was
between 21 and 84 mL (mean, 44.3+18.0mL). In group C, the
median age of the 20 patients, 11 men and 9 women, who
underwent endoscopic hematoma evacuation was 59.6 years.
The median preoperative GCS score was 7.6+2.7 and
preoperative hematoma volume was between 30 and 122 mL
(mean, 51.7+19.6mL) (Table 1).

All procedures were successfully completed and the average
surgery time was compared among these 3 groups. In group A,
the operation time ranged from 141.6 to 378.6 minutes, with
mean length of 218.7 minutes. In group B, the operation time
ranged from 27.6 to 50.6 minutes, with mean length of 36.9
minutes. In group C, the operation time ranged from 56.8 to 85.6
minutes, with mean length of 68.3 minutes. The average
operation time was significant differences among these 3 groups
(P<.01) (Table 2).

No significant difference in the preoperative hematoma volume
was observed among these 3 groups (P=.162). The volume of the
remaining hematoma measured by CT after the operation was
10.4+6.1mL in the group A, 24.0+16.4mL in group B, and
5.50+£5.0mL in group C. The hematoma evacuation rate was
significant differences among 3 groups which were 79.8%,

Operative result of 63 patients with SICH.

Group A GroupB GroupC P
Number, n 21 22 20
Median operation time, min 218.7+69.5 36.9+7.1 68.3+84 .00
Median hematoma evacuation rate, % 79.8 431 89.3 .00
Rebleeding rate, % 0 18.2 0 .03
Pneumonia rate, % 23.8 9.1 5.0 .160
Intracranial infection rate, % 0 13.6 0 .053
GCS improvement 4.38+3.57 3.59+3.91 445+4.41 735
Mortality rate, % 14.3 13.6 5.0 .683

Values were reported as the mean+standard deviation (range).

Group A= Craniotomy group; Group B=Burr hole, urokinase infusion and catheter drainage group;
Group C=Neuorendoscopic surgery group. F=Female, GCS=Glasgow Coma Scale, ICH=
intracerebral hemorrhage, M=Male, Postop=postoperation, Preop=npreoperation, SICH =
spontaneous supratentorial intracerebral hemorrhage.

Values were reported as the mean+standard deviation (range).

Group A= Craniotomy group; Group B=Burr hole, urokinase infusion and catheter drainage group;
Group C=Neuorendoscopic surgery group. F=Female, GCS=Glasgow Coma Scale, ICH=
intracerebral hemorrhage, M=Male, Postop=npostoperation, Preop=preoperation, SICH =
spontaneous supratentorial intracerebral hemorrhage.
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Figure 2. Comparison the hematoma evacuation effect among 3 surgical approaches for left putaminal ICH. A and D, Preoperative and postoperative CT scan
show that the hematoma was mostly removed by craniotomy approach. B and E, Preoperative and postoperative CT scan show that the hematoma was partially
removed by burr hole, urokinase infusion and catheter drainage method. C and F, Preoperative and postoperative CT scan show that the hematoma was almost
completely removed partially removed by neuroendoscopic surgery. CT = computed tomography.

43.1%, 89.3% respectively (P<.01), and group C was the  group Band C, there were 8.3 +2.0, 7.6 +2.7 before surgery, and

highest group (Figs. 2-8) (Table 2). 11.9+3.8, 12.0+4.7 at discharge respectively. The GCS score
In group A, the median preoperative GCS score was 7.2+2.0  was significant improved after surgery in all 3 groups but there

before surgery and it was going to 11.6 +£3.9 at discharge. Andin  was no significant in GCS improvement (P=.735) (Table 2).

Figure 3. Comparison the hematoma evacuation effect among 3 surgical approach surgical methods for right basal ganglionic hematoma. A and D, Preoperative
and postoperative CT scan show that the hematoma was mostly removed by craniotomy approach. B and E, Preoperative and postoperative CT scan show that
the hematoma was partially removed by burr hole, urokinase infusion and catheter drainage method. C and F, Preoperative and postoperative CT scan show that
the hematoma was almost completely removed by neuroendoscopic surgery. CT = computed tomography.
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Figure 4. Comparison the hematoma evacuation effect among 3 surgical approach surgical methods for right parietal lobe hematoma. A and D, Preoperative and
postoperative CT scan show that the hematoma was aimost completely removed by craniotomy approach. B and E, Preoperative and postoperative CT scan show
that the hematoma was partially removed by burr hole, urokinase infusion, and catheter drainage method. C and F, Preoperative and postoperative CT scan show
that the hematoma was almost completely removed by neuroendoscopic surgery. CT = computed tomography.

There were 3 patients died and the mortality rate was 14.3% in
group A. Two patients died from severe pneumonia and one died
because of multiple organ function failure. Whereas in group B, there
were also 3 cases died and the mortality rate was 13.6%. One patient

died from rebleeding in the brain and 2 died from brain infection. In
group C, there was 1 patient died from the multiple systemic organ
failure and mortality rate was 5.0%. And there was no significant
differences among these 3 groups (P=.683) (Table 2).

Figure 5. Comparison the hematoma evacuation effect among 3 surgical approach surgical methods for right frontal lobe hematoma. A and D, Preoperative and
postoperative CT scan show that the hematoma was mostly removed by craniotomy approach. B and E, Preoperative and postoperative CT scan show that the
hematoma was partially removed by burr hole, urokinase infusion, and catheter drainage method. C and F, Preoperative and postoperative CT scan show that the
hematoma was almost completely removed by neuroendoscopic surgery. CT = computed tomography.



http://www.md-journal.com

Cai et al. Medicine (2017) 96:43 Medicine

Figure 6. Calculation and analysis of hematoma volumes and hematoma evacuation rate by 3D Slice software in craniotomy patients. A, Preoperative hematoma
volume was 56.2mL. B, postoperative hematoma volume was 10.8 mL. The hematoma evacuation rate was 80.1%.

Figure 7. Calculation and analysis of hematoma volumes and hematoma evacuation rate by 3D Slice software in burr hole, urokinase infusion and catheter
drainage patients. A, Preoperative hematoma volume was 58.6 mL. B, postoperative hematoma volume was 45.1 mL. The hematoma evacuation rate was 23.0%.

Figure 8. Calculation and analysis of hematoma volumes and hematoma evacuation rate by 3D Slice software in neuroendoscopic surgery patients. A,
Preoperative hematoma volume was 30.9mL. B, postoperative hematoma volume was 0.3mL. The hematoma evacuation rate was 99.0%.
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The rebleeding rate was also different among these 3 groups
(P=.03) (Table 2). In group A and group C, no case of rebleeding
happened whereas 4 cases suffered from rebleeding in group B
and rebleeding rate was 18.2% and 1 case died for this
complication (Table 2).

Pneumonia was another severe complication, which might
affect patient’s prognosis. In group A, 5 patients suffered
pneumonia and 2 of them died. Whereas in group B and C, there
were only 2 cases and 1 case happened respectively and no case
died from this complication. This might associated with a more
aggressive and injury management in group A. There were 3 cases
suffered intracranial infection and all these cases in group B,
which might be caused by a placement of catheter in the brain
longer than 7 days (Table 2).

4. Discussion

SICH caused high levels of morbidity and mortality and the
pathophysiology was considered into < 2 conceptual phases.!'!
The first phase was immediate cellular injury caused by the acute
bleed and early hemorrhagic expansion. The second phase was
the persistent hematoma phase characterized by progressive
damage to perihematomal tissue caused by mass effect,
excitotoxic edema, progressive neurotoxicity, and so on. Animal
models demonstrated that persistence of the hematoma results in
progressive brain edema and metabolic distress which result in
long-term disability. Surgical evacuation of SICH was a
theoretically promising approach and early removal of hemato-
ma would result in avoidance or mitigation of these secondary
insults and substantially enhanced neurological recovery in
humans.'*

Although the benefit of surgical intervention for SICH was
challenged by the surgical trial and the choice of the treatment
always been a frequently discussed topic in neurology and
neurosurgery.”>1®! There was no doubt that a large, life-
threatening ICH should be evacuated,""”! and it was the second
most common nontraumatic cerebral emergency surgery, which
was currently performed in most neurosurgical depart-
ments, 1517
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The intracranial pressure (ICP) was the main cause of death in
patients with SICH which could increase suddenly and lead to
brain herniation during the first 12 hours because of a mass effect
associated with hematoma volume.”® At the same time,
increased ICP could cause a significant reduction in cerebral
blood flow to the brain tissue surrounding the hematoma,
potentially leading to ischemia. So, it was one of the most
important parameters to evaluate in the surgical decision and
reduce the mortality rate.*"! The early craniotomy surgery could
immediate removal of the hematoma, dramatic reduction of ICP,
relief of cerebral edema, improvement in local blood circulation,
and a reduction in mortality.*?! A recent study showed that
decompressive craniotomy (DC) might be useful to decrease the
ICP and improve the prognosis in patients with large basal
ganglia hemorrhage."! In 2015, edition of AHA/ASA guideline
hold the opinion that DC with or without hematoma evacuation
might reduce mortality for patients with SICH who were in a
coma, had large hematomas with significant midline shift, or had
elevated ICP refractory to medical management.'**! Moreover, in
our study, we found craniotomy could evacuate hematoma
effectively and remove the bone flap at the same time, whereas the
drilling drainage and neuroendoscopic surgery could only
removal hematoma, so the craniotomy was the most effectively
treatment to decrease the ICP in patients with SICH (Fig. 9).

Beside the extraordinary decompression effective, with the help
of microscopy, craniotomy had also some other advantages such
as good view and clearance of hematoma completely, easy
hemostasia and so on, which could also help in outcomes
(Fig. 10). However, conventional surgical hematoma evacuation
through craniotomy was an invasive procedure and failed to
protect the still functional brain tissue surrounding the hematoma
and caused too much damage. A analysis of more than 45,000
patients from a study by Patil et al®* demonstrated that the
complication rate of this method was 41.2% and the mortality
rate inhospital was 27.2%. The International Surgical Trial in
Intracerebral Hemorrhage (STICH) concluded that there was no
overall benefit to early surgery as compared with initial
conservative treatment.'>! Furthermore, the STICH 1I trial
found that early surgery did not significantly reduce the rates of

Figure 9. Comparative analysis of decompression effect among 3 surgical approaches for SICH. The craniotomy (A and D) was better than or equal to the
endoscopic surgery (E and F), whereas the decompression effect in driling drainage (B and E) was not obvious. SICH = spontaneous supratentorial intracerebral

hemorrhage.
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Figure 10. Comparative analysis: the operation view of 3 surgical approaches for SICH. The endoscopic surgical operation field (C) was the best, better than
microscope surgery (A), and there was almost no operation field (B) for burr hole, urokinase infusion and catheter drainage patients. SICH = spontaneous
supratentorial intracerebral hemorrhage.

death or disability at 6-month follow-up.!*®! Even though, for
patients who have lobar ICH >30mL and within 1cm of the
surface, removal of SICH by standard craniotomy might be
considered.!">! Especially in patients with huge hemorrhage
volume, or the state of illness progress rapidly, or in the early state
of cerebral hernia, craniotomy should be the better choice.**!

Another shortcoming of craniotomy was the longer time of
operation. Although the influence of surgical procedures’
durations on mortality and morbidity has not been specifically
studied, the results from a report on patients aged 80 years and
older demonstrated that duration of surgical interventions might
exacerbate detrimental effects of existing comorbidities.!**!
Therefore, shortening of the surgical intervention’s duration
through minimally invasive approaches may also reduce
perioperative morbidity./**!

Minimally invasive surgery (MIS), including stereotactic
aspiration and endoscopic surgery, had the advantage of minimal
surgical injury and been widely used in the treatment of SICH
(Figs. 11 and 12). It was obvious that the catheter drainage was
the most minimally invasive and easiest surgery with the shortest
duration among these 3 types of operation. In our study, the
operation time of soft catheter drainage was 32.5 minutes which
was much less than other 2 groups. Other advantages of this
method includes: it could be performed bedside with local
anesthesia in case of an emergency; the soft catheter avoided
mechanical injury; and it was particularly suitable for sufficiently
small ICHs and so on. However, this method had the limitation
of cannot stop the bleeding directly and the rebleeding rate was
much high than other groups. The average rebleeding rate for a
simple aspiration was 5%,*”) whereas in our study it was 18.2%.
The decompression effect of this method was also limited because
clearance of hematomas was partially (Fig. 9). And this
stereotactic aspiration was usually associated with longer waiting

time before surgery, thus it was not suitable for unstable bleeding
or herniation at an ultra-early stage of ICH.*®!

Even though, this method was adopted by more and more
neurosurgeon. More recently, the MISTIE II (Minimally Invasive
Surgery Plus Rt-PA for ICH Evacuation Phase II) trial showed a
strong trend toward clinical benefit in patients with ICH treated
with MIS followed by catheter drainage with daily recombinant
tissue plasminogen activator (tPA) irrigation.*’!

Volume of hematoma was another important parameter to
evaluate the severity condition in SICH patients. Early evacuation
of hematoma might protect brain tissue from the ischemia caused
by the elevated ICP and reduce the noxious chemicals generated
from hematoma. Therefore, effective removal of hematoma was
the crucial principle of treatment with SICH for saving life and
improving the long-term quality of life. In recent years, with good
lighting and high-definition, amplified images endoscopes used in
SICH, the treatment effect got a great progress (Fig. 10). The
recent reports had demonstrated a high rate of SICH evacuation
of 84% t0 99%,% and in our study, we also got the same result
which the average hematoma evacuate rate was 89.3% which
was much high than other 2 groups (Figs. 2-8). The endoscopic
technical also had other merits which including: short operative
time in the skull; surgery can be performed and stop bleeding
under direct vision, and had lower incidences of postoperative
infection. However, its decompression was weaker than large
bone flap craniotomy and it was more surgically invasive and
took a longer time than the drilling method®! (Fig. 9).

When all these data were analyzed, it became obvious that all
these 3 methods had its own advantages and shortcomings, and
every approach had its indications, so it was difficult to decide
which method was the best approach for SICH. The major problem
in all these studies might be the heterogeneity of the SICH patient
groups with regard to their preoperative neurological status,

e

Figure 11. Comparative analysis defects of bone in 3 surgical approaches for SICH. The craniotomy (A) was much large than endoscopic surgery (C) and drilling

drainage (B). SICH = spontaneous supratentorial intracerebral hemorrhage.
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Figure 12. Comparative analysis skin incision in 3 groups. The craniotomy

(A) was much longer than endoscopic surgery (C) and drilling drainage (B).

different degrees of neurological impairment, consciousness levels,
experience of the surgeon, and so on. Thus, it was an essential issue
to select appropriate patients and homogenous group for
determining whether patients truly benefit from different methods.
But at the same time, for the relatively optimistic result, we believed
that neuroendoscopical technical might be a more promising
approach to SICH for its minimal invasive, direct vision and
effectively hematoma evacuation rate.
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