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Introduction the most serious types of stroke. The majority of cases
are associated with arterial hypertension and/or elderly
Spontaneous intracerebral hemorrhage (ICH) is one of  age, and the most common sites of hemorrhage are the
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striatum, cerebellum, thalamus, and pons. The 30-day
mortality rate is 35% to 50%, and most survivors are
typically left severely disabled™'?,

Current treatment strategies are aimed toward reducing
intracranial pressure (ICP) and maintaining adequate ce-
rebral perfusion. While many authors agree that cerebel-
lar and superficial lobar hematomas should be evacuated
if the lesions are causing symptomatic mass effect, sur-
gical evacuation as a treatment option for ICH is typically
reserved for a minority of cases, typically younger pati-
ents with large lobar hemorrhages who are at risk for or
who are already suffering brain herniation. A nonsurgi-
cal management stance has in part been supported by the
results of several randomized, controlled clinical trials that
failed to demonstrate improved outcomes with surgery
compared with medical therapy alone™”.

The authors report experience with consecutive cases
of ICH treated by stercotactic CT-guided aspiration and
thrombolysis with urokinasc. Our aim in this study is to

assess the fcasibility and safety of the technique, inclu-

And, we also analyzed the prognostic factors related to
this technique.

Clinical Material and Methods

From March 1999 to March 2001, 110 patients were
treated and are reviewed in this report. The patients were
treated according a standardized protocol as illustrated in
Fig. 1. Eligibility criteria for this protocol consisted of
supratentorial ICH without brain stem extension, clinical
onsct <48 hours before intervention, age >20 years, he-
matoma volume >15 ML, GCS score >5 at admission,
no signs of transtentorial herniation, no suspected underl-
ying structural etiology to account for the hemorrhage,
no systemic bleeding diathesis, and no severe concurrent
illness with life expectancy <6 months.

Ventriculostomy was performed in case with poor GCS
who had hydrocephalus from ventricular extension of
hemorrhage. Ventricular drainage was weaned while in-
tracranial pressure was monitored.

ding-refinement-of-the-clinical-protecol;-procedure-related———A-baseline- CT-scan-was-obtained-in-allpatients-with

complications, clinical outcome, and radiological results.

axial images at 0.5—1.0 cm slice thickness, and the di-

rOp. room

“Nowoicy |
v

No

Stereotactic frame apply
Burrhole placement
Rigid cannula Inserted Into clot under CT guldance
Asplration(syringe)
Soft catheter placement into clot under CT guidance

r_> Catheter instlllation of urokinase

Clamp of catheter for 1hr

Aspiration(4times/day)

Repeat CT scan(every 1 or 2 days)

 Remove cathater >

Inltial volume

Volume of hematoma <25cc, or <1/2 Yes _T

Fig. 1. Management protocol for computed tomography-guided stereotactic aspiration and thrombolysis. Uroki-
nase protocol consisted of catheter injection of 6000IU preceded by hematoma aspiration every 6 hours.
The protocol of aspiration, computed tomography scan, and urokinase instillation was repeated as necessary
until the final hematoma volume was <25mL or less than half of its initial volume (ICU : intensive care unit).

Collection @ ewha



mensions of the hematoma were assessed. Volume of the
ICH in milliliters was estimated on the basis of approxi-
mate ellipse volume with the AxBxC/2 formula, where
A represents the largest diameter of the hematoma on
axial CT cuts in centimeters, B the diameter of hematoma
perpendicular to A on the same cut, and C the number of
CT slices in which hematoma is visible multiplied by
the slice thickness in centimeters. For the purpose of this
calculation we did not count the highest or lowest CT
slices in which hematoma was first and last visualized.
Intravenous contrast was administered to assess for any
enhancement that would be suspicious for an underlying
structural lesion. Patients aged <60 years or with abnor-
mal contrast enhancement on CT scan underwent digital
subtraction angiography before hematoma aspiration and

thrombolysis to exclude an underlying vascular anomaly.

1. Operative technique

All operations were performed under local anesthesia
and intravenous sedation unless the patient was already
intubated for medical or neurological indications inde-
pendent of the procedure. In this series, initial localization
of the hematoma and catheter placement was performed
with the aid of a Fisher stereotactic system (Leibinger,
Germany) . An ipsilateral frontal standard burr hole loca-
tion (3cm lateral to mid-line and just anterior to the
coronal suture) was typically used for capsular and tha-
Jamic hemorrhages. If the hematoma was lobar in location
or extended to the cortical surface, the burr hole was
localized over the hematoma. A 3F to 5F rigid metal
catheter was placed with the introducer cannula into the
clot via CT guidance. Careful manual hematoma aspira-
tion was attempted using a syringe. The rigid cannula was
removed and replaced by a soft ventriculostomy cathe-
ter(15 cm long and 1 to 2 mm internal diameter) with
perforations spanning the center of the clot. Catheter

placement was adjusted under CT guidance as necessary.

After satisfactory placement within the hematoma, the
catheter was tunneled subcutaneously and the exit site
was covered with antibiotic ointment. The catheter was
connected to a single port and capped, and a sterile dres-
sing was applied. The patient was maintained on intrave-
nous antibiotic prophylaxis until the brain catheter was
removed.

All patients were managed in a dedicated neurovascular
intensive care unit, where subsequent thrombolysis and
clot aspiration were performed using sterile technique.
Urokinase 6000IU (Green Cross Biotech., South Korea)
in 3ML of normal saline was injected into the catheter if
the CT scan revealed a residual hematoma volume of
>25ML. The catheter was flushed with 2mL of normal
saline. After clamping of catheter for 1hour, manual aspi-
ration of lysed clot was attempted, and the aspirated
volume was recorded. A CT scan was repeated at least
every second aspiration. If the volume of residual hema-
toma remained >25 mL, catheter instiliation of urokinase
was repeated. The protocol of aspiration, CT scan, and
urokinase instillation was repeated as necessary until less
than half of its initial volume, or arbitrarily after 4 ca-
theter aspirations of urokinase instillations per day. The
catheter was removed under sterile technique, and a single
suture was placed at its exit site and covered with an
occlusive dressing.

2. Evaluation of prognostic factors

Follow-up clinical information was obtained on all pa-
tients 6 months after the procedure. Clinical ocutcomes
were graded according to the GOS, ranging from grade
5(good recovery) to grade 1(dead), by a single investi-
gator not involved in the patients’ clinical management.
For analysis of prognostic factors, we classified two gro-
ups ; good prognosis group (GOS grade 4, 5) and bad
prognosis (GOS grade 1, 2, 3) at the time of 6 months’
follow-up. We performed comparative analysis between
two groups in aspect of all possible relating factors of this
procedure.

Unpaired Student t tests were used for the statistical
analysis. The value of statistically significance means
less than 0.05.

Results

1. Clinical outcome assessment

The Table 1 summarizes clinical and radiographic data
in the 110 cases treated during the course of 3 years. The
mean age of treated patients was 59.8 years (range 36 to
85 years), and there were 66 males and 44 females. There
were 59 right side lesions, and 51 left side lesions. Forty-
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Table 1. Pafients summary

neous, nontraumatic ICH. Median initial GCS score was
10 (range 5 to 15). All patients had some degree of neu-
rological deficit such as contralateral hemiparesis, hemi-
plegia, and dysphasia.

The mean initial hematoma volume was 32mL (ranging
from 15 to 72mL) . Hematoma aspiration via the inserted
catheter was easily achieved in 100 patients. In 10 pa-
tients, uncomplicated repositioning of the catheter was
necessary after initial placement for optimal positioning
within the hematoma before thrombolysis.

The average time from symptom onset until first as-
piration was 4.1hours (ranging from 2 to 7hours). The
hematoma catheter was in place for a median duration of
5 days (range 2 to 8 days). During this time the average
number of urokinase instillations was 13 (range 4 to 28
times), and the amount of blood plus saline aspirated
averaged 51mL (range 22 to 85mL.). Initial ICH volume
was reduced by an average of 74.2% (range 65% to 88%)
and the average final hematoma volume was 8.2mL
(range 2 to 24mL).

Characteristic Value
No. of patients 110
Mean age (year) 59.8(36—85)
Sex(No. of male/female) 66/44

Underlying disease
No. of HTN 47
No. of DM 30
No. of HIN+DM 22

Location

No. of lobar ICH 18

No. of gangtionic ICH 92
Caudate-putamen 84
Thalamus 8

Median initial GCS score 10( 6-15)
Mean initial hematoma volume (ml) 32(16-72)
Average time to procedure (hour) 41(2-7)
Average No. of urokinase Instillation 13( 4-28)
Average total amount of 51(22-86)

blood aspirated (ml)

Average reduction of ICH volume (%) 74.2(25-88)
Average final hematoma volume (ml) 8.2( 2-32)
Mortality (No)

Cardiac problem 2

Respiratory failure 13

Complications during procedure (No)
Ventriculitis 5
Rebleeding 10
Outcome at 6 months’ follow-up (No)

Good recovery : 56(51%)
[elory] 24
GOS5 32

Bad recovery (N=54, 49%) 54(49%)
GOS 3 29
GOS 2 10
GOS1 15

HTN : hypertension, DM : diabetes mellitus, ICH : intra-
cerebral hemorrhage, GCS : glasgow coma scale,
No : number, GOS : glasgow outcome scale

seven patients (42.7%) had a prior history of arterial
hypertension, and thirty patients(27.2%) had a diabetes
mellitus. And, twenty-two patients (20%) had both arte-
rial hypertension and diabetes mellitus. There were 18
lobar and 92 ganglionic ICHs. Among the latter, the
epicenter of ICH was in the caudate-putamen in 84 cases
and in the thalamus in 8 cases. All patients had sponta-

Ventriculitis-developed-during-procedure-in-5-patients;—
and this complication was probably related to catheter
instillation for long periods. And, there were instance of
local rebleeding in originally presented sites developed
in 10 patients. Repeat brain CT image performed after
the first urokinase instillation revealed hematoma size
increased, and the patients became less responsive. They
remained severely disabled (GOS 3, 4 patients) in 4
patients, 4 patients remained vegetative (GOS 2), and 2
patients died (GOS 1) at 6 months’ follow-up. However,
systemic hemorrhage related to procedure was not en-
countered in any patient. There were no instances of late
clinical deterioration from mass effect or edema asso-
ciated with residual hematoma.

Fifteen patients (14%) died before hospital discharge
(2 from cardiac problems and 13 from respiratory failure).
At 6 months’ follow-up, 56 patients (51%) had achieved
good recovery (24 patient GOS 4, and 32 patients GOS
5), 29 patients (26%) were severely disabled (GOS 3),
and 10 patient (8%) remained vegetative (GOS 2). The
18 patients who achieved good recovery harbored lobar
hematomas. They retuned to premorbid level of function,
being completely independent. However, two of the 18
patients, one patient had a reblecding during procedure
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Table 2. Investigated prognostic factors

Prognostic factors Mean p-value
*Group A **Group B

Sex(M/F ratio) .58 63 566
Age (years) 58.1 63.5 033
Pre vol.(ml) 25.1 459 .000
Post vol.(ml) 64 11.9 .000
Pre GCS(score) 10.9 7.7 .000
Post GCS{(score) 12.8 8.1 .000
Time to procedure (hr) 42 39 154
Total instillation 81.6 82.1 940

vol.(ml)
***IVH 32 77 000
***No. of rebleeding A1 .39 .000
***Underlying 19 44 004

disease (HTN+DM)
***Pneumonia 14 .50 .000

*Group A @ (good prognosis group) : GOS 4, 5(N=
56), »xGroup B : (bad prognosis group) : GOS 1, 2, 3
(N=36), =x*Event(+) : 1 point, Event(-) ; 0 point, Sta-
fistical analysis was performed by independent i-test.
GOS : glasgow outcome scale, GCS : glasgow coma
scale, M : male, F : female, Pre : preoperative, Post :
postoperative, vol. : volume, hr : hours, HTN : hyper-
fension, DM : diabetes mellitus, IVH : intraventricular
hemorrhage

and another patient had a complication of pneumonia,
were severely disabled (GOS 3) at 6 months’ follow-up.
On the contrary, forty-one of 92 patients (44.5%) with
ganglionic ICH achieved independence at 6 months (23
patient GOS 4, and 18 patients GOS 5), and all had rea-
ched that level of function by 6 months after the proce-
dure. The other patients reached below GOS 3[27 patients
were severely disabled (GOS 3), or 10 patients remained
vegetative (GOS 2), or 15 patients died (GOS 1)]. Of 92
patients with ganglionic ICH, there were 8 patients with
thalamic ICH. They have relatively achieved bad reco-
very [2 patients were moderate disabled (GOS 2), 2 pa-
tients were severely disabled (GOS 3), or 2 patients re-

mained vegetative (GOS 2), or 2 patients died (GOS 1)].

2. Evaluation of prognostic factors

Significant good prognostic factors for this procedure
of ICH were found in our study to be young age, small
pre-and-postoperative volume, low pre-and-postoperative
GCS, absence of intraventricular hemorrhage (IVH), ab-
sence of rebleeding, absence of underlying disease, and

absence of complication of pneumonia after procedure.
The other factors such as sex, time to procedure, total
instillation volume, and total number of instillation were
not meaningful prognostic factors in our study (Table 2).

Discussion

Optimal treatment of ICH remains a complex and con-
troversial issue’”??. Application of stereotactic surgery
and minimally invasive therapies to cerebrovascular sur-
gery has led investigators to utilize such techniques to-
ward the goal of reducing hematoma volume in the
treatment of ICH. Recently, ICH is more often operated
on by stereotactic surgery instead of conventional open
surgery, and many authors have stressed the usefulness
of this procedure®'?'9®%) Stereotactic surgery has the
following advantages over open surgery: it is a simple
and less traumatic method for removing the ICH, and can
be done under local anesthesia'”. Early attempts aimed
at simple clot aspiration as well as more ingenious means
of mechanical evacuation have failed to accomplish satis-
factory volume reduction of ICH'. This has led to the
adjunct use of fibrinolytic agents as a means of enhan-
cing clot lysis and catheter drainage. Since the first report
by Doi et al®, in which direct instillation of urokinase was
used after stereotactic aspiration to liquefy the hematoma,
several reports have followed that have favorably repor-
ted its usefulness in ICH volume reduction®'V!917-19),
Most of the randomized controlled trials have failed to
demonstrate a superiority of craniotomy for ICH evacu-
ation over medical therapy, especially after 24 hours from
the onset of symptoms™?''®,

The rationale for evacuation of ICH is that reduction
of clot volume may indeed improve neurological recovery
and clinical outcome. Removal of focal mass effect may
improve perfusion of compromised brain parenchyma and
prevent intracranial hypertension"3 ). It also may enhance
the clearance of blood breakdown products, hence preven-
ting secondary brain edema and other potential neurotoxi-
city. Animal studies have in fact demonstrated that edema
is diminished with the early evacuation of intracerebral

clot®. Pang et al*"">, speculated that intraventricular
fibrinolytic treatment might prove useful for infants with

perinatal IVH and older patients with IVH whose spe-
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cific lesions have been definitively treated. Other previous
experimental studies have shown that infusion of uroki-
nase promotes clot lysis and restoration without producing
neurotoxicity, histopathological alterations, or recurrent
bleedingl)ﬁ)I7)I‘))2|~23)26)‘

Eligibility criteria of ICH volume are more controver-
sial. The recent open surgery trial by Morgenstern et al
included ICH volumes of >10 ml(20 ml in patients with
GCS 15)". The trial by Auer et al®. also considered a
threshold volume of >10ml for treatment, although the-
rapeutic benefit appeared to be limited to lobar cases with
larger ICH volume. Other studies enrolled only patients
with larger ICH volumes (15 to 30mL) ", We limited
enrollment in this study to cases with ICH volume >25mL,
with the major aims of verifying procedure safety and
feasibility of reduction of ICH volume. It is possible that
more favorable clinical outcomes may have been accom-
plished if patients with smaller ICH volumes had been
included. It is not likely that smaller volumes of ICH will
benefit from the procedure, as most such patients have a

the most frequently used dosages (6000IU) and aspiration
parameters, although it is clear that these were empirica-
lly derived and largely arbitrary. In more recent cases we
escalated dosage of urokinase (5000IU to 10000IU) and
the frequency of aspiration from every 8 to every 6 hours.

Mortality has been the primary end point of therapeutic
studies in most published studies, and it has ranged from
30% to 70%”"®*. This reflects in part patient inclusion
and exclusion criteria, and to a lesser extent the treatment
rendered in individual studies. In our series, there was
14% mortality at 6 months among patients with relatively
large hematoma volume (>25mL). These were admitte-
dly selected, excluding deeply comatose patients. The
postoperative mortality rate has varied from 20% to 80%,
with some patients, such as those in deep coma or those
with thalamic hemorrhage, having a mortality rate as high
as 90%'2.

Disability levels among surviving patients may be more
relevant in assessment of management outcome. It is not
clear from countless cases in published uncontrolled series

favorable-outcome without-intervention-and-the technique——whether ICH-evacuation-infact-enhances—functional

rarely succecds at complete evacuation of ICH below
such residual threshold.

According to Hokama’s'®

reports, absolute indication
the patients could be operated on by conventional open
surgery with indications that is, moderate-sized hematoma
with a volume of 40—60ml, moderate neurological grade,
and no severe general complications. This group is best
treatment option for stereotactic surgery at an optimal
time. Aggressive indication in this group, stereotactic sur-
gery is performed in order to achieve early rehabilitation
with a chance to regain higher cerebral function. This
group included patients with small hematoma under 40ml
with mild neurological deficit. Passive indication patients
in this group have large hematoma over 60ml with severe
neurological deficit, and the patient’s age is over 70 years,
and they may have severe general complications'.
Other variables in treatment protocol include the sur-
gical technique, thrombolytic agent, dosage, frequency,
and end point of aspiration. Most reported studies of
thrombolytic aspiration of ICH have used frame-based
stereotaxy, often with general anesthesia. We have used
urokinase in view of the reported case experience with
this agent for more than a decade. We sought to adapt

recovery. In our study, forty-one of 92 patients{(44.5%)
with ganglionic ICH in this study achicved independence
at 6 months (23 patient GOS 4, and 18 patients GOS 5),
and all had reached that level of function by 6 months
after the procedure. Such outcome assessment should be
supplemented by documentation of quality of life do-
mains relevant to patient and family, and these should be
compared among treated and untreated cases. It may be
advantageous to minimize stay in critical care unit and
acute hospital settings even if eventual survival or disabi-
lity level are not significantly altered by treatment. The
state of consciousness is the best indicator of survival and
that deficit of consciousness are not always a good indi-
cator of functional prognosis. And, the factor most heavily
influencing the functional prognosis is hemiplegia®®. In
light of the fact that, in the overall results, the percentage
of patients with good result (GOS 4, 5) was 51%, we
concluded that stereotactic aspiration should have a de-
finite place in the neurosurgeon’s battery of therapeutic
technique.

Cases of lobar ICH with a preoperative good grade
recovered to better than that of ganglionic ICH. In our
study, the 18 patients who achieved good recovery (GOS
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4 or 5) harbored lobar hematomas. They returned to
premorbid level of function, being completely indepen-
dent. However, two of the 18 patients, one patient had a
rebleeding during procedure and another patient had a
complication of pneumonia, were severely disabled (GOS
3) at 6 months’ follow-up.

Several authors reported the rebleeding rate in CT-
guided stereotactic surgery to be 3% to 16%'*'?'9, The
factors contributing to recurrent hemorrhage include ex-
cessive hematoma aspiration, intraoperative or postope-
rative hypertension, and a bleeding tendency. Because of
the rebleeding risk that could potentially be increased by
early aspiration suggest not to do the stereotactic aspira-

tion before 6 to 24 hours after onset®>?%. Hondo et al'".

reported a rebleeding risk of only 4% when aspiration
had been carried out between 5 and 48 hours after the
hemorrhage. However, from our result, rebleeding after
procedure seems to be not related to early aspiration. Even
if the average time from symptom onset until first aspi-
ration was 4.1 hours (ranging from 2 to 7 hours), the
rebleeding risk cannot potentially be increased in our
study (9%) . Kandel et al'®. developed a method of pre-
venting recurrent bleeding after hematoma evacuation.
After removal of the hematoma, the balloon catheter with
a metal shift inside is introduced through the cannula into
the cavity. Inflation continues until the pressure inside the
balloon equals the pressure in the contralateral ventricle.

It is not clear whether the incidence of expanding he-
matoma in these above series represents any added risk
from thrombolytic therapy. During the early period of
time after ictus, hematoma may cause neurological dete-
rioration as a result of an increasing mass effect caused
by surrounding edema, and this mass effect may last up
to 4 weeks after bleeding, even with decreasing density
of clot. The risk of hematoma expansion during treatment
must be closely monitored in future studies, including
any associated untoward clinical sequelae, but this should
also be compared with the substantial risk of spontaneous
hematoma expansion in the first day among untreated
patients'”,

Volume of ICH is consistently shown to be a powerful
predictor of poor outcome regardless of clot location,
patient age, and neurological condition””, Most postope-
rative complications were seen in older patients and in

those with severe neurological deficit or chronic disease.
Factors contributing to poor outcome are as follows :
age over 70 years, large hematoma, bad neurological gra-
ding. Stereotactic surgery is effective in regaining higher
cerebral function in patients with a small hematoma less
than 40ml in volume, and with minor neurological de-
ficit'?. Larger hematomas result in more profound and
longer-lasting alterations in adjacent brain parenchyma,
attributed in part to mass effect and focal edema. The
main prognostic factors affecting the outcome are clini-
cal state of a patient on admission, the size of hematoma,
and the presence of intraventricular hematoma (IVH)?,
The level of consciousness, intraventricular extension of
blood, volume of hematoma, and age are related well with
bad outcome'”, And, many reports have agreement that
ICH with IVH results in high mortality and morbi-
dity7)2°)23).

No differences were found from our study. Significant
good prognostic factors for this procedure of ICH were
found in our study to be young age, small preoperative
and postoperative volume, low pre-and-postoperative GCS,
absence of intraventricular hemorrhage (IVH), absence
of rebleeding, absence of underlying disease, and absence
of complication of pneumonia after procedure. However,
the other factors such as sex, time to procedure, total
instillation volume, and total number of instillation were
not meaningful factors in our study.

Conclusion

The procedure appears effective at decreasing ICH
volume and is not associated with significant management
morbidity. Patients of ICH presenting with bad progno-
stic factors should require frequent radiological investi-
gation and more meticulous procedure. Further studies
must assess optimal thrombolytic dosage, frequency, and
timing of urokinase instillation for safety and effective-
ness and must include controlled comparisons of mortality
disability outcome, quality of life, time until convale-
scence, and cost of care in treated and untreated patients.
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