
Volume 19 · Number 2 · June 2017  81

A Less Invasive Strategy for Ruptured Cerebral Aneurysms 
with Intracerebral Hematomas: Endovascular Coil 
Embolization Followed by Stereotactic Aspiration of 
Hematomas Using Urokinase

Sang Heum Kim1, Tae Gon Kim2, Min Ho Kong3

1Department of Neuroradiology, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam, Korea
2Department of Neurosurgery, CHA Bundang Medical Center, CHA University School of Medicine, Seongnam, Korea
3Department of Neurosurgery, Seoul Medical Center, Seoul, Korea

Objective : Aneurysm clipping and simultaneous hematoma evacuation 
through open craniotomy is traditionally recommended for ruptured cere-
bral aneurysms accompanied by intracerebral or intrasylvian hemorrhages. 
We report our experience of adapting a less invasive treatment strategy 
in poor-grade patients with intracerebral or intrasylvian hemorrhages asso-
ciated with ruptured cerebral aneurysms, where the associated ruptured 
cerebral aneurysms were managed by endovascular coil embolization, fol-
lowed by stereotactic aspiration of hematomas (SRH) using urokinase.

Materials and Methods : We retrospectively analyzed 112 patients with rup-
tured cerebral aneurysms. There were accompanying intracerebral or intra-
sylvian hemorrhages in 36 patients (32.1%). The most common site for 
these ruptured aneurysms was the middle cerebral artery (MCA) (n = 15; 
41.6%). Endovascular coil embolization followed by SRH using urokinase 
was performed in 9 patients (25%).

Results : In these 9 patients, the most common site of aneurysms was 
the MCA (n = 3; 33.4%); the hematoma volume ranged from 19.24 to 
61.68 mL. Four patients who were World Federation of Neurological 
Surgeons (WFNS) grade-IV on admission, achieved favorable outcomes 
(Glasgow Outcome Score [GOS] 4 or 5) at 6-months postoperatively. In 
the five patients who were WFNS grade-V on admission, one achieved a 
favorable outcome, whereas 4 achieved GOS scores of 2 or 3, 6-months 
postoperatively. There was no mortality.

Conclusion : If immediate hematoma evacuation is not mandated by clin-
ical or radiological signs of brain herniation, a less invasive strategy, such 
as endovascular coil embolization followed by SRH using urokinase, may 
be a good alternative in poor-grade patients with intracerebral or intra-
sylvian hemorrhages associated with ruptured cerebral aneurysms.
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INTRODUCTION Although ruptured aneurysms usually present with 
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Aneurysm locations No. of patients

MCA 15 (41.6)

ACA 13 (36.1)

IC-Pcom  5 (13.9)

ICBIF  1 (2.8)

IC-Ophthalmic  1 (2.8)

BA-SCA  1 (2.8)

Values are presented as number (%).
MCA = middle cerebral artery; ACA = anterior cerebral artery; 
IC-Pcom = internal cerebral artery-Posteror communicating artery; 
ICBIF = internal carotid artery bifurcation; IC-Ophthalmic = internal
carotid artery-Ophthalmic artery; BA-SCA = Basilar artery-Superior 
cerebellar artery

Table 1. The locations of aneurysms in 36 patients with 
ruptured aneurysms with intracerebral hemorrhages or in-
trasylvian hemorrhages

subarachnoid hemorrhages (SAH), they can present 

with intracerebral hemorrhages (ICH) or intrasylvian 

hemorrhages (ISH). This presentation is not rare and 

carries an unfavorable prognosis; in 1966, Locksley re-

ported a 90% mortality rate within 3 days.28)

Conservative management15)16)40) or only hematoma 

evacuation52) has poor outcomes in ruptured aneurysms 

with ICH or ISH. Hence, an open craniotomy with 

aneurysm clipping and simultaneous hematoma evac-

uation is recommended in these cases, having demon-

strated better outcomes than seen with the previous 

strategies.1)15)16)38)40)47)52) However, this technique en-

tails the risks of retraction injuries and aggravation of 

vasospasm, edema, and ischemia, which could result 

in poor outcomes. 

Alternative methods with better outcomes have 

been reported by Niemann et al.,35) who introduced 

endovascular treatment for ruptured aneurysms fol-

lowed by hematoma evacuation, and Chung et al.,9) 

who introduced endovascular treatment for ruptured 

anterior communicating artery (A-com) aneurysms, 

followed by burr-hole trephination, catheterization, 

and hematoma drainage. In both studies, the patients 

did not show signs of deterioration, and did not need 

immediate surgical decompression. We believed that 

the technique used by Chung et al.9) to treat the rup-

tured A-com aneurysms could be applied to treat oth-

er ruptured aneurysms with ICH or ISH. Hence, we 

adapted this less-invasive strategy of endovascular 

treatment for ruptured aneurysms, followed by ster-

eotactic aspiration of hematoma (SRH; stereotactic re-

moval of hematoma) using urokinase, to all types of 

ruptured aneurysms. Here we report our experience 

of managing ruptured cerebral aneurysms with ICH 

in poor-grade patients through endovascular coil em-

bolization followed by SRH using urokinase.

MATERIALS AND METHODS

Patient characteristics

This study was approved in January 2017, by the 

Institutional Review Board (IRB) of our hospital, 

South Korea, with a waiver for informed consent.

A retrospective analysis was performed in 112 pa-

tients with ruptured cerebral aneurysms, who were 

managed by surgical clipping or endovascular coil 

embolization, between January 2013 and December 

2014 at our hospital. Subarachnoid hemorrhage with 

the ruptured aneurysms was noted on computed to-

mography (CT) scans or magnetic resonance imaging 

(MRI) scans of the brain. The aneurysmal rupture was 

confirmed by using conventional cerebral angiog-

raphy, CT angiography (CTA), or magnetic resonance 

angiography (MRA). The aneurysmal rupture was ac-

companied by ICH or ISH in 36 patients (32.1%). 

Patient age ranged from 33 to 79 years (mean ± stand-

ard deviation = 55.92 ± 12.36 years), and there were 

13 male and 23 female patients. The most common 

site of the aneurysms was the middle cerebral artery 

(MCA) (n = 15; 41.6%), followed by the anterior cere-

bral artery (ACA) (n = 13; 36.1%) (Table 1). The most 

common location of the hematoma was the frontal 

lobe (n = 17, 47.2%), followed by the temporal lobe (n 

= 12; 33.3%) and the sylvian fissure (n = 5; 13.9%) 

(Table 2).

Management in 36 patients with ruptured aneur-

ysms with ICH or ISH

Endovascular coil embolization alone was per-

formed in 15 patients (41.7%) and the surgical clip-

ping alone in 1 patient (2.8%) (Table 3). In these cases, 
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Strategies No. of 
patients

Endovascular coil embolization + Conservative care 15 (41.7)

Surgical clipping + Conservative care 1 (2.8)

Surgical clipping + Hematoma evacuation 11 (30.5)

Endovascular coil embolization + SRH* 9 (25)

Values are presented as number (%).
*Stereotactic aspiration of hematoma using urokinase

Table 3. Management in 36 patients with ruptured aneur-
ysms with intracerebral hemorrhages or intrasylvian hemor-
rhages

Glasgow Coma Score Motor deficit* Grade

15 Absent 1

13-14 Absent 2

13-14 Present 3

7-12 Present or Absent 4

3-6 Present or Absent 5

*Where a motor defict refers to a major focal deficit

Table 4. World Federation of Neurological Surgeons (WFNS) 
grading system

Hematoma locations No. of patients

Frontal lobe 17 (47.2)

Temporal lobe 12 (33.3)

Sylvian fissure  5 (13.9)

Basal ganglia 2 (5.6)

Values are presented as number (%).

Table 2. The locations of hematomas in 36 patients with 
ruptured aneurysms with intracerebral hemorrhages or in-
trasylvian hemorrhages

the hematoma size was small (< 15 mL). Surgical clip-

ping with simultaneous hematoma evacuation was 

performed in 11 patients (30.5%). Endovascular coil 

embolization followed by SRH using urokinase was 

performed in 9 patients (25%); these patients had no 

clinical or radiological evidence of brain herniation. 

Additional signs evaluated were no anisocoric pupil, 

no decorticate or decerebrate rigidity, and no signs of 

active bleeding in the brain on CTA or digital sub-

traction angiography (DSA). Each patient's clinical sta-

tus was evaluated using World Federation of 

Neurological Surgeons (WFNS) grading system on ad-

mission and the Glasgow Outcome Scale (GOS) scores 

at 6-months (Table 4, 5).20)49)

Endovascular coil embolization followed by SRH 

using urokinase

Endovascular coil embolization was performed un-

der general anesthesia. Anticoagulant therapy was not 

used during or after the coil embolization. After com-

plete obliteration of the aneurysm, a stereotactic frame 

was applied to the patient's head. After obtaining 

stereotactic CT images of the brain, the patient was 

transferred to the operating room and a stereotactic 

catheter was inserted into the hematoma via a burr 

hole, under general anesthesia. In case of intra-

ventricular hemorrhage (IVH), extra-ventricular drain-

age (EVD) was performed at the same time. After lim-

ited hematoma aspiration, the remaining hematoma 

was aspirated following urokinase irrigation 2 to 4 

times per day in the neurosurgical intensive care unit. 

The catheter was usually maintained in place for 7 to 

14 days, and removed after taking a brain CT image.

Data analysis

The patients' medical records were reviewed by 2 

neurosurgeons, and the imaging studies were eval-

uated by a neuro-radiologist and a neurosurgeon. 

These experts evaluated the clinical status of the pa-

tients, the location of the aneurysms, and the location 

and size of the hematomas.

RESULTS

Clinical outcomes

In 9 patients managed by endovascular coil emboli-

zation followed by SRH using urokinase, the most 

common site for the aneurysms was the MCA (n = 3; 

33.4%), followed by the internal carotid-posterior 

communicating artery (IC-PCom) (n = 2; 22.2%) 

(Table 6). The most common location of the hema-

toma was the temporal lobe (n = 4, 44.5%), followed 

by the frontal lobe (n = 3; 33.3%) and the sylvian fis-

sure (n = 1; 11.1%) (Table 7). The hematoma volume 

ranged from 19.24 to 61.68 mL (mean ± standard de-

viation = 35.2 ± 14.8 mL).
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Score Description

1 Death

2 Persistent Vegetative State
Patient exhibits no obvious cortical function.

3 Severe Disability (Conscous but disabled).
Patient depends upon others for daily support due to mental or physical disability or both

4 Moderate Disability (Disabled but independent)
Patient is independent as far as daily life is concerned. The disabilities found include varying degrees of dysphasia, 
hemiparesis, or ataxia, as well as intellectual and memory deficits and personality changes

5 Good Recovery
Resumption of normal activities even though there may be minor neurological or psychological deficits

Table 5. Glasgow Outcome Scale scores

Hematoma locations No. of patients

Frontal lobe 3 (33.3)

Temporal lobe 4 (44.5)

Sylvian fissure 1 (11.1)

Basal ganglia 1 (11.1)

Values are presented as number (%).

Table 7. The locations of hematomas in 9 patients man-
aged by endovascular coil embolization followed by stereo-
tactic aspiration of hematoma using urokinase

Aneurysm locations No. of patients

MCA 3 (33.4)

ACA 1 (11.1)

IC-Pcom 2 (22.2)

ICBIF 1 (11.1)

IC-Ophthalmic 1 (11.1)

BA-SCA 1 (11.1)

Values are presented as number (%). 
MCA = middle cerebral artery; ACA = anterior cerebral artery; 
IC-Pcom = internal cerebral artery-Posteror communicating artery; 
ICBIF = internal carotid artery bifurcation; IC-Ophthalmic = internal
carotid artery-Ophthalmic artery; BA-SCA = basilar artery-Superior 
cerebellar artery

Table 6. The locations of aneurysms in 9 patients managed 
by endovascular coil embolization followed by stereotactic 
aspiration of hematoma using urokinase

In the 9 patients managed by endovascular coil em-

bolization followed by SRH using urokinase, 4 pa-

tients (44.4%) were WFNS grade-IV on admission, and 

5 patients (55.6%) were WFNS grade-V on admission. 

The 4 patients who were WFNS grade-IV on admis-

sion achieved favorable outcomes (GOS score 4 or 5), 

6-months postoperatively (Fig. 1). Among the 5 pa-

tients who were WFNS grade-V on admission, one 

patient achieved a favorable outcome, and 4 patients 

achieved GOS scores of 2 or 3 at 6-months post-

operatively (Fig. 2). There was no mortality (Table 8).

Illustrative cases

Case 1 

A 41-year-old female patient presented in our hospi-

tal with mental stupor and left-hemiparesis (motor 

grades I and II) of 5-hours duration. Her clinical status 

was compatible with WFNS grade-IV (GCS E2/V2/M4). 

She had a history of hyperlipidemia and gastric ulcer, 

which had been properly managed. Her brain CT 

scan revealed a diffuse subarachnoid hemorrhage and 

a large ICH and ISH in the right perisylvian area, 

with an estimated volume of 55 mL (Fig. 1A). Her 

brain CTA and DSA revealed a 5 mm ruptured 

right-MCA aneurysm (Fig. 1B). She underwent endo-

vascular coil embolization using 6 coils (Fig. 1C: pre-

operative, Fig. 1D: postoperative), which was followed 

by SRH using urokinase (Fig. 1E: postoperative, Fig. 

1F: postoperative 14 days). Four weeks later, the pa-

tient showed a drowsy mental state and an improve-

ment in the left-hemiparesis (motor grade-II). She was 

transferred to a rehabilitation center. At 3-months 

postoperatively, the patient showed a confused men-

tal state and an improvement in the left-hemiparesis 

(motor grades III or IV-). At 6-months postoperatively, 

the patient showed an alert mental state with mild 

memory impairment, and a further improvement in 

the left-hemiparesis (motor grade-IV+). This was com-

patible with a GOS of 5 (good recovery).
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Fig. 1. A 41-year-old female patient with ruptured right MCA aneurysm. (A) Brain CT scan revealed a diffuse subarachnoid hemor-
rhage and a large ICH and ISH in the right perisylvian area, with an estimated volume of 55 mL. (B) brain CTA and DSA revealed a
5 mm ruptured right-MCA aneurysm. (C-F) She underwent endovascular coil embolization using 6 coils (C: preoperative, D: post-
operative), which was followed by SRH using urokinase (E: postoperative, F: postoperative 14 days). MCA = middle cerebral artery; 
CT = computed tomography; ICH = intracerebral hemorrhage; ISH = intrasylvian hemorrhage; CTA = CT angiography; DSA = digital 
subtraction angiography.

Case 2

A 39-year-old female patient presented to our hospital 

in a deep stupor mental status of two hours duration. 

Her clinical status was compatible with WFNS grade-V 

(GCS E1/V1/M4). According to her family, she did 

not have any significant past medical history. Her 

brain CT scan revealed a diffuse IVH, and a large 

ICH in the left prefrontal area with an estimated vol-

ume of 56 mL (Fig. 2A). Her brain CTA and DSA re-

vealed a 12 mm ruptured right-IC-Ophthalmic aneur-

ysm (Fig. 2B). She underwent endovascular coil em-

bolization using 7 coils (Fig. 2C: preoperative, Fig. 2D: 

postoperative), which was followed by SRH and EVD 

(Fig. 2E: postoperative). Seven days later, a brain CT 

scan revealed a significant decrease in ICH and IVH 

(Fig. 2F: postoperative 7 days). She was transferred to 

a rehabilitation center. At 6-months postoperatively, 

the patient still showed a stupor mental state, which 

was compatible with a GOS of 2 (persistent vegetative 

state).

DISCUSSION

On the basis of autopsy and angiography studies, 

the prevalence of aneurysmal rupture is 0.4-6%.44) The 

incidence of ICH or ISH with aneurysmal ruptures is 

known to be 12-34%;13)38-40)50) the prevalence range is 

higher at autopsy (33-60%).10)19)31)43) The ICH or ISH is 

most common with ruptured MCA aneurysms,38)40) ac-

companying 23.8% of the ruptured MCA aneurysms.38)42) 

Moreover, if the aneurysms are located between the 

cortices, involving the ACA or the MCA,45) their rup-

ture can present with ICH. In our study, the most 

common site for the aneurysms was the MCA (41.6%), 

followed by the ACA (36.1%) (Table 1). A previous 

intracranial hemorrhage may be one of the predispos-

ing factors for ICH, because the previous hemor-

rhages could have created adhesions and changing 
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Fig. 2. A 39-year-old female patient with ruptured right IC-ophthalmic aneurysm. (A) Brain CT scan revealed a diffuse IVH, and a 
large ICH in the left prefrontal area with an estimated volume of 56 mL. (B) Brain CTA and DSA revealed a 12 mm ruptured 
right-IC-Ophthalmic aneurysm. (C-E) She underwent endovascular coil embolization using 7 coils (C: preoperative, D: postoperative), 
which was followed by SRH and EVD (E: postoperative). (F) Seven days later, a brain CT scan revealed a significant decrease in ICH 
and IVH. CT = computed tomography; IVH = intraventricular hemorrhage; ICH = intracerebral hemorrhage; CTA = CT angiography; 
DSA = digital subtraction angiography; SRH = stereotactic aspiration of hematomas; EVD = extra-ventricular drainage.

the subarachnoid structure.10)40)45) Even if there is no 

past history of a hemorrhage, if the dome of the 

aneurysm is adherent to the cerebral cortex, a rup-

tured aneurysm could result in ICH.47) 

The ICH or ISH with aneurysmal rupture is a poor 

prognostic factor.1)10)50) It may worsen the rebleeding 

rate,18)25)34)48)50) vasospasm,40)52) cerebral edema,36) and 

hydrocephalus.36) The ruptured aneurysms associated 

with ICH or ISH are associated with higher Hunt-Hess 

(HH) grades on admission, and poor GOS at 6-months 

follow-up.50) Abbed et al. have reported favorable out-

comes (based on GOS) in 37% patients with ruptured 

aneurysms with ICH versus 61% in patients without 

ICH, during 6 months of follow-up.1) Similarly, many 

authors have focused on the initial clinical status. In 

2007, Prat et al. have reported that an ICH due to 

aneurysmal rupture with anisocoria shows poor clin-

ical outcomes.42) In 2013, Bohnstedt et al. have re-

ported on using the HH grade on admission as a pri-

mary prognostic factor, with poor outcomes in the pa-
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Admission
WFNS grade

GOS
4-5

GOS
2-3 Death Total

I-III 0 0 0 0

IV 4 (100) 0 0 4 (44.4)

V 1 (20) 4 (80) 0 5 (55.6)

Total 5 (55.6) 4 (44.4) 0 9 (100)

Values are presented as number (%).
WFNS = World Federation of Neurological Surgeons; GOS = Glasgow Outcome Scale

Table 8. Clinical outcomes in 9 patients managed by endovascular coil embolization followed by stereotactic aspiration of 
hematoma using urokinase at 6-months postoperatively

tients with an admission HH grade of IV-V.6) They 

have recommended against aggressive management 

in patients with an admission HH grade of IV-V. In 

contrast, Shimoda et al., and Baskaya et al., have re-

ported that the neurological examination on admis-

sion did not predict the clinical outcome in patients 

with ruptured aneurysms with temporal ICH or 

ISH.4)47) Hence, they have insisted on aggressive surgi-

cal treatment.

There are many opinions regarding the prognostic 

factors. Brott et al. have focused on the extent of hem-

orrhage and have reported that the extent of hemor-

rhage is an important prognostic factor in the patients 

with aneurysmal ICH.8) Yoshimoto et al. have agreed 

with this opinion and have reported that the size of 

hemorrhage larger than 30 mm (maximum diameter) 

correlates with poor clinical outcomes in patients with 

ruptured MCA aneurysm with ICH.54) Another prog-

nostic factor is the timing of surgery: in 2008, Guresir 

et al. have reported that the timing of surgery is the 

most important prognostic factor, and that an early 

surgical intervention within 6 to 12 hours may result 

in good clinical outcomes.13) They have reported that 

this is especially important in patients with poor-grades 

on admission, such as WFNS grade IV or V. In 1986, 

Pasqualin have reported a 44% mortality rate and 

44% favorable outcomes in patients with HH grade-IV 

undergoing early hematoma evacuation; however, they 

have also reported a 79% mortality rate and only 4% 

favorable outcomes in patients with HH grade-IV un-

dergoing delayed hematoma evacuation.40) In the group 

with HH grade-V, 15% favorable outcomes were not-

ed in patients with early hematoma evacuation, where-

as the favorable outcomes were only 2% with delayed 

hematoma evacuation.40) 

There are several options for the management of 

ICH or ISH associated with a ruptured aneurysm: 

conservative management, only hematoma evacua-

tion, open craniotomy and surgical clipping with si-

multaneous hematoma removal, endovascular coil 

embolization followed by open craniotomy and hema-

toma removal, and endovascular coil embolization 

followed by SRH using urokinase. With conservative 

management of the aneurysmal SAH with accom-

panying ICH or ISH, the reported mortality rate is 

84.2-100%.16)38)40) With only acute hematoma evacua-

tion, the results are similar, with the mortality rate of 

75-100%.6)52) Hence, aneurysmal obliteration is consid-

ered an essential part of the management strategy.

Open craniotomy and aneurysmal clipping with 

simultaneous hematoma evacuation has been tradi-

tionally recommended in the patient with ICH in case 

of a severe mass effect. Sometimes, this procedure is 

performed on the basis of a brain CTA alone, in the 

absence of a DSA, to save time to surgical intervention 

in patients with impending or acute herniation. This 

strategy has shown better outcomes compared with the 

conservative management or only hematoma evacuation. 

The mortality rates are reported as 18.6-85%,1)15)16)35)38)40)47)52) 

and the favorable outcomes (modified Rankin 0-2) are 

reported as 13-48%.6)13)15)35)38)40)47) However, this surgi-

cal procedure can be very difficult to perform because 

of the increased intracranial pressure, abnormal autor-

egulation, aggravated edema, and adhesions in the 
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arachnoid space.35) Moreover, for aneurysmal clip-

ping, arachnoid dissection and proximal control need 

to be performed, during which cortical contusion may 

occur due to retraction and dissection procedures; this 

could result in poor outcomes. Shimoda et al. have re-

ported contusions and injuries with retractor use in 13 

out of 27 (48%) patients with ruptured aneurysm with 

ICH.47) Additionally, the manipulation and temporary 

clipping of the vessel may result in vasospasm and 

aggravation of cerebral ischemia.35) 

When the size of the hemorrhage is large enough to 

require evacuation, but if the clinical state does not 

mandate an immediate hematoma evacuation, we may 

choose less invasive options. In a spontaneous ICH, 

the volume of hemorrhage is a strong prognostic fac-

tor, regardless of the hemorrhage location, patient's 

age, or the neurological status.7)12)14)20)24)27)41)53) An ICH 

may increase the intracranial pressure (ICP), and de-

crease the cerebral perfusion. Moreover, the blood 

breakdown products may cause edema and neurotoxicity. 

Thus, the volume reduction of ICH (including hema-

toma evacuation) can reduce the ICP, maintain the 

cerebral perfusion, and prevent secondary injury from 

the blood breakdown products.2)12)

In 2003, Niemann et al. tried endovascular treatment 

of ruptured aneurysm followed by hematoma evacua-

tion in patients who did not show rapid deterioration 

and did not need immediate surgery. They reported 

better outcomes: The mortality rate was 24%, and 

there were 44% favorable outcomes.35) In 2007, Jeong 

also tried the same management, and reported experi-

encing better outcomes, with no mortality and 57% fa-

vorable outcomes.21) The endovascular treatment of 

ruptured aneurysm followed by hematoma evacua-

tion has some advantages: earlier protection from 

aneurysmal rebleeding; no need for dissection and re-

traction; possibly a simpler, safer, and quicker surgi-

cal procedure; and a shorter time for aneurysmal ob-

literation, which is especially good in the elderly or 

poor-grade patients.

In the management of a spontaneous ICH, many 

surgeons agree on an urgent surgical decompression 

being mandatory in patients (especially in younger 

patients) with impending or acute brain herniation. 

However, it is also true that many randomized, con-

trolled trials have shown that a craniotomy for hema-

toma evacuation is not superior to conservative man-

agement in terms of the outcomes.5)22)33) Some authors 

have reported that a less-invasive surgery (including 

SRH using urokinase) can reduce the surgical morbid-

ity and improve the clinical outcomes, compared with 

only conservative management.3)29)30)46)51) Since Doi et 

al. introduced SRH using direct instillation of ur-

okinase,11) many authors have reported favorable re-

sults with this method.17)30)32)37) In 2008, Kim et al. 

have reported using a less-invasive strategy in patients 

with ruptured A-com aneurysms.23) Endovascular treat-

ment of a ruptured A-com aneurysm followed by SRH 

(burr hole trephination, catheterization, and hematoma 

drainage) were tried, but the outcomes were not-favorable. 

In 2009, Chung et al. reported trying the same strat-

egy in patients with ruptured A-com aneurysms.9) In 

this series, they reported better outcomes: there was 

no mortality, and the favorable outcomes were 66.7%. 

They have suggested that this strategy is a good alter-

native, but only for A-com aneurysms with ICH, and 

not for other aneurysms. They believe that the MCA 

aneurysms with ICH or ISH can have a massive mass 

effect and induce brain herniation easily, in which 

case a craniotomy is the better choice.

In our series, ICH or ISH associated with ruptured 

aneurysms were noted in 36 patients (32.1%), which is 

consistent with the previously reported studies. We 

adapted the less-invasive strategy (endovascular treat-

ment of ruptured aneurysm followed by SRH using 

urokinase) to not only A-com aneurysms, but for all 

types of aneurysms, in 9 selected patients (25%); these 

patients did not present any signs of brain herniation. 

The inclusion criteria consisted of an absence of ani-

socoric pupil, no decorticate or decerebrate rigidity, 

and no signs of active bleeding in brain on CTA or 

DSA (no impending herniation). In the 9 patients 
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managed by endovascular coil embolization followed 

by SRH using urokinase, the most common sites for 

the aneurysms were the MCA (33.4%) and the 

IC-PCom (22.2%), with the hematoma volume of at 

least 19 mL. This is consistent with the previously re-

ported studies, in which the surgical criterion of ICH 

is 10-15 mL.3)26)33)46)

This kind of less-invasive strategy (endovascular 

treatment of ruptured aneurysm followed by SRH us-

ing urokinase) would be best done in a hybrid oper-

atng room, which is a surgical theatre that is equip-

ped with advanced medical imaging devices such as 

cerebral angiographic machine. Recently a hybrid op-

erating room began to be used gradually. Our hospi-

tal doesn't have a hybrid room either, but someday 

the hybrid room will be widely used, and then this 

less-invasive strategy might be widely used more 

easily. Although our study has the limitations of be-

ing a retrospective analysis, with a small patient pop-

ulation and the absence of a control group, the out-

comes are comparable with previously reported stud-

ies: there was no mortality, and the favorable out-

comes were 55.3%.

CONCLUSION

Craniotomy and surgical clipping with simultaneous 

hematoma evacuation may be the best recom-

mendation for patients with ruptured aneurysmal 

SAH with ICH or ISH, who show rapid clinical dete-

rioration due to a mass effect. Sometimes, it is not 

easy to perform the surgery due to edema, worsening 

of ischemia, or a high risk of rebleeding.

If the patient does not show the clinical or radio-

logical signs of brain herniation that mandate emer-

gency hematoma evacuation, we may choose less in-

vasive surgical methods for hematoma evacuation. 

Endovascular coil embolization followed by hema-

toma evacuation has been tried and has shown good 

results. Endovascular coil embolization followed by 

SRH using urokinase has been tried in patients with 

ruptured A-com aneurysms with ICH, and has re-

sulted in good outcomes. We have adapted endovas-

cular coil embolization followed by SRH using ur-

okinase to not only treat the ruptured A-com aneur-

ysm, but also to manage ruptured aneurysms in other 

arteries. The results are comparable with those of pre-

vious reports. Endovascular coil embolization fol-

lowed by SRH using urokinase is a less invasive tech-

nique and may be a good alternative in the 

poor-grade patients, with ICH associated with differ-

ent ruptured cerebral aneurysms.

Disclosure

The authors report no conflict of interest concerning 

the materials or methods used in this study or the 

findings specified in this paper.

REFERENCES

1. Abbed KM, Ogilvy CS. Intracerebral hematoma from 
aneurysm rupture. Neurosurg Focus. 2003 Oct;15(4):E4.

2. Altumbabic M, Peeling J, Del Bigio MR. Intracerebral 
hemorrhage in the rat: effects of hematoma aspiration. 
Stroke. 1998 Sep;29(9):1917-22; discussion 1922-3.

3. Auer LM, Deinsberger W, Niederkorn K, Gell G, 
Kleinert R, Schneider G, et al. Endoscopic surgery ver-
sus medical treatment for spontaneous intracerebral 
hematoma: a randomized study. J Neurosurg. 1989 
Apr;70(4):530-5.

4. Baskaya MK, Menendez JA, Yuceer N, Polin RS, Nanda 
A. Results of surgical treatment of intrasylvian hema-
tomas due to ruptured intracranial aneurysms. Clin 
Neurol Neurosurg. 2001 Apr;103(1):23-8.

5. Batjer HH, Reisch JS, Allen BC, Plaizier LJ, Su CJ. 
Failure of surgery to improve outcome in hypertensive 
putaminal hemorrhage. A prospective randomized trial. 
Arch Neurol. 1990 Oct;47(10):1103-6.

6. Bohnstedt BN, Nguyen HS, Kulwin CG, Shoja MM, 
Helbig GM, Leipzig TJ, et al. Outcomes for clip ligation 
and hematoma evacuation associated with 102 patients 
with ruptured middle cerebral artery aneurysms. World 
Neurosurg. 2013 Sep-Oct;80(3-4):335-41.

7. Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster 
G. Volume of intracerebral hemorrhage. A powerful and 
easy-to-use predictor of 30-day mortality. Stroke. 1993 
Jul;24(7):987-93.

8. Brott T, Mandybur TI. Case-control study of clinical out-
come after aneurysmal subarachnoid hemorrhage. 
Neurosurgery. 1986 Dec;19(6):891-5.

9. Chung J, Kim BM, Shin YS, Lim YC, Park SK. 
Treatment of ruptured anterior communicating artery 



ANEURYSMAL COILING AND HEMATOMA ASPIRATION

90  J Cerebrovasc Endovasc Neurosurg

aneurysm accompanying intracerebral hematomas: endo-
vascular coiling followed by hematoma evacuation with 
burr hole trephination and catheterization. Acta 
Neurochir (Wien). 2009 Aug;151(8):917-23; discussion 923.

10. Crompton MR. Intracerebral haematoma complicating 
ruptured cerebral berry aneurysm. J Neurol Neurosurg 
Psychiatry. 1962 Nov;25:378-86.

11. Doi E, Moriwaki H, Komai N, Iwamoto M. Stereotactic 
evacuation of intracerebral hematomas. Neurol Med Chir 
(Tokyo). 1982 Jun;22(6):461-7.

12. Fayad PB, Awad IA. Surgery for intracerebral 
hemorrhage. Neurology. 1998 Sep;51(3 Suppl 3):S69-73.

13. Guresir E, Beck J, Vatter H, Setzer M, Gerlach R, Seifert 
V, et al. Subarachnoid hemorrhage and intracerebral 
hematoma: incidence, prognostic factors, and outcome. 
Neurosurgery. 2008 Dec;63(6):1088-93; discussion 1093-4.

14. Hankey GJ, Hon C. Surgery for primary intracerebral 
hemorrhage: is it safe and effective? A systematic re-
view of case series and randomized trials. Stroke. 1997 
Nov;28(11):2126-32.

15. Hauerberg J, Eskesen V, Rosenorn J. The prognostic sig-
nificance of intracerebral haematoma as shown on CT 
scanning after aneurysmal subarachnoid haemorrhage. Br 
J Neurosurg. 1994;8(3):333-9.

16. Heiskanen O, Poranen A, Kuurne T, Valtonen S, Kaste 
M. Acute surgery for intracerebral haematomas caused 
by rupture of an intracranial arterial aneurysm. A pro-
spective randomized study. Acta Neurochir (Wien). 
1988;90(3-4):81-3.

17. Hondo H, Uno M, Sasaki K, Ebisudani D, Shichijo F, 
Toth Z, et al. Computed tomography controlled aspira-
tion surgery for hypertensive intracerebral hemorrhage. 
Experience of more than 400 cases. Stereotact Funct 
Neurosurg. 1990;54-55:432-7.

18. Hunt WE, Hess RM. Surgical risk as related to time of 
intervention in the repair of intracranial aneurysms. J 
Neurosurg. 1968 Jan;28(1):14-20.

19. Inagawa T, Hirano A. Ruptured intracranial aneurysms: 
an autopsy study of 133 patients. Surg Neurol. 1990 
Feb;33(2):117-23.

20. Jennett B, Bond M. Assessment of outcome after severe 
brain damage. Lancet. 1975 Mar 1;1(7905):480-4.

21. Jeong JH, Koh JS, Kim EJ. A less invasive approach for 
ruptured aneurysm with intracranial hematoma: coil em-
bolization followed by clot evacuation. Korean J Radiol. 
2007 Jan-Feb;8(1):2-8.

22. Juvela S, Heiskanen O, Poranen A, Valtonen S, Kuurne 
T, Kaste M, et al. The treatment of spontaneous intra-
cerebral hemorrhage. A prospective randomized trial of 
surgical and conservative treatment. J Neurosurg. 1989 
May;70(5):755-8.

23. Kim SH, Yoon SM, Shim JJ, Bae HG. Coil embolization 
of aneurysm followed by stereotactic aspiration of hema-
toma in a patient with anterior communicating artery 
aneurysm presenting with SAH and ICH. J Korean 
Neurosurg Soc. 2008 Jan;43(1):41-4.

24. Kothari RU, Brott T, Broderick JP, Barsan WG, 
Sauerbeck LR, Zuccarello M, et al. The ABCs of meas-
uring intracerebral hemorrhage volumes. Stroke. 1996 

Aug;27(8):1304-5.

25. Laidlaw JD, Siu KH. Poor-grade aneurysmal sub-
arachnoid hemorrhage: outcome after treatment with ur-
gent surgery. Neurosurgery. 2003 Dec;53(6):1275-80; dis-
cussion 1280-2.

26. Lippitz BE, Mayfrank L, Spetzger U, Warnke JP, 
Bertalanffy H, Gilsbach JM. Lysis of basal ganglia hae-
matoma with recombinant tissue plasminogen activator 
(rtPA) after stereotactic aspiration: initial results. Acta 
Neurochir (Wien). 1994;127(3-4):157-60.

27. Lisk DR, Pasteur W, Rhoades H, Putnam RD, Grotta JC. 
Early presentation of hemispheric intracerebral hemor-
rhage: prediction of outcome and guidelines for treat-
ment allocation. Neurology. 1994 Jan;44(1):133-9.

28. Locksley HB. Natural history of subarachnoid hemor-
rhage, intracranial aneurysms and arteriovenous 
malformations. J Neurosurg. 1966 Sep;25(3):321-68.

29. Matsumoto K, Hondo H. CT-guided stereotaxic evacua-
tion of hypertensive intracerebral hematomas. J 
Neurosurg. 1984 Sep;61(3):440-8.

30. Miller DW, Barnett GH, Kormos DW, Steiner CP. 
Stereotactically guided thrombolysis of deep cerebral 
hemorrhage: preliminary results. Cleve Clin J Med. 1993 
Jul-Aug;60(4):321-4.

31. Modesti LM, Binet EF. Value of computed tomography 
in the diagnosis and management of subarachnoid 
hemorrhage. Neurosurgery. 1978 Sep-Oct;3(2):151-6.

32. Mohadjer M, Braus DF, Myers A, Scheremet R, Krauss 
JK. CT-stereotactic fibrinolysis of spontaneous intra-
cerebral hematomas. Neurosurg Rev. 1992;15(2):105-10.

33. Morgenstern LB, Frankowski RF, Shedden P, Pasteur W, 
Grotta JC. Surgical treatment for intracerebral hemor-
rhage (STICH): a single-center, randomized clinical trial. 
Neurology. 1998 Nov;51(5):1359-63.

34. Naidech AM, Janjua N, Kreiter KT, Ostapkovich ND, 
Fitzsimmons BF, Parra A, et al. Predictors and impact 
of aneurysm rebleeding after subarachnoid hemorrhage. 
Arch Neurol. 2005 Mar;62(3):410-6.

35. Niemann DB, Wills AD, Maartens NF, Kerr RS, Byrne 
JV, Molyneux AJ. Treatment of intracerebral hematomas 
caused by aneurysm rupture: coil placement followed by 
clot evacuation. J Neurosurg. 2003 Nov;99(5):843-7.

36. Niikawa S, Kitajima H, Ohe N, Miwa Y, Ohkuma A. 
Significance of acute cerebral swelling in patients with 
sylvian hematoma due to ruptured middle cerebral ar-
tery aneurysm, and its management. Neurol Med Chir 
(Tokyo). 1998 Dec;38(12):844-8; discussion 849-50.

37. Niizuma H, Otsuki T, Johkura H, Nakazato N, Suzuki J. 
CT-guided stereotactic aspiration of intracerebral hema-
toma--result of a hematoma-lysis method using 
urokinase. Appl Neurophysiol. 1985;48(1-6):427-30.

38. Nowak G, Schwachenwald D, Schwachenwald R, Kehler 
U, Muller H, Arnold H. Intracerebral hematomas caused 
by aneurysm rupture. Experience with 67 cases. 
Neurosurg Rev. 1998;21(1):5-9.

39. Papo I, Bodosi M, Doczi T. Intracerebral haematomas 
from aneurysm rupture: their clinical significance. Acta 
Neurochir (Wien). 1987;89(3-4):100-5.

40. Pasqualin A, Bazzan A, Cavazzani P, Scienza R, Licata 



 SANG HEUM KIM ET AL

Volume 19 · Number 2 · June 2017  91

C, Da Pian R. Intracranial hematomas following aneur-
ysmal rupture: experience with 309 cases. Surg Neurol. 
1986 Jan;25(1):6-17.

41. Prasad K, Browman G, Srivastava A, Menon G. Surgery 
in primary supratentorial intracerebral hematoma: a 
meta-analysis of randomized trials. Acta Neurol Scand. 
1997 Feb;95(2):103-10.

42. Prat R, Galeano I. Early surgical treatment of middle 
cerebral artery aneurysms associated with intracerebral 
haematoma. Clin Neurol Neurosurg. 2007 Jun;109(5):431-5.

43. Reynolds AF, Shaw CM. Bleeding patterns from rup-
tured intracranial aneurysms: an autopsy series of 205 
patients. Surg Neurol. 1981 Mar;15(3):232-5.

44. Rinkel GJ, Djibuti M, Algra A, van Gijn J. Prevalence 
and risk of rupture of intracranial aneurysms: a system-
atic review. Stroke. 1998 Jan;29(1):251-6.

45. Robertson EG. Cerebral lesions due to intracranial 
aneurysms. Brain. 1949 Jun;72(Pt. 2):150-85. 

46. Schaller C, Rohde V, Meyer B, Hassler W. Stereotactic 
puncture and lysis of spontaneous intracerebral hemor-
rhage using recombinant tissue-plasminogen activator. 
Neurosurgery. 1995 Feb;36(2):328-33; discussion 333-5.

47. Shimoda M, Oda S, Mamata Y, Tsugane R, Sato O. 
Surgical indications in patients with an intracerebral 
hemorrhage due to ruptured middle cerebral artery 
aneurysm. J Neurosurg. 1997 Aug;87(2):170-5.

48. Tapaninaho A, Hernesniemi J, Vapalahti M. Emergency 
treatment of cerebral aneurysms with large haematomas. 
Acta Neurochir (Wien). 1988;91(1-2):21-4.

49. Teasdale GM, Drake CG, Hunt W, Kassell N, Sano K, 
Pertuiset B, et al. A universal subarachnoid hemorrhage 
scale: report of a committee of the World Federation of 
Neurosurgical Societies. J Neurol Neurosurg Psychiatry. 
1988 Nov;51(11):1457.

50. Tokuda Y, Inagawa T, Katoh Y, Kumano K, Ohbayashi N, 
Yoshioka H. Intracerebral hematoma in patients with rup-
tured cerebral aneurysms. Surg Neurol. 1995 Mar;43(3):272-7.

51. Tzaan WC, Lee ST, Lui TN. Combined use of stereo-
tactic aspiration and intracerebral streptokinase infusion 
in the surgical treatment of hypertensive intracerebral 
hemorrhage. J Formos Med Assoc. 1997 Dec;96(12):962-7.

52. Wheelock B, Weir B, Watts R, Mohr G, Khan M, 
Hunter M, et al. Timing of surgery for intracerebral 
hematomas due to aneurysm rupture. J Neurosurg. 1983 
Apr;58(4):476-81.

53. Yamanaka R, Satoh S. Comparison of stereotactic aspira-
tion, craniotomy, and conservative treatment for putaminal 
hemorrhage. Neurol Med Chir (Tokyo). 1988 Oct;28(10):986-90.

54. Yoshimoto Y, Wakai S, Satoh A, Hirose Y. Intraparenchymal 
and intrasylvian haematomas secondary to ruptured mid-
dle cerebral artery aneurysms: prognostic factors and ther-
apeutic considerations. Br J Neurosurg. 1999 Feb;13(1):18-24.


