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BACKGROUND The neurologic outcome from conventional 
medical or surgical therapy of intracerebral hemorrhage (ICH) is 
poor; however, stereotactically guided instillation of thrombolytic 
agents to dissolve parenchymal clots due to hypertensive hemor-
rhage has recently produced results equal to or better than those 
obtained with conventional therapies. 

OBJECTIVE To determine whether stereotactic thrombolysis 
of deep ICH is safe and effective. 

METHODS We administered urokinase to clots in four patients 
with hypertensive ICH. After the hemorrhage was localized using an-
giography and computed tomography-assisted stereotactic technique, 
a ventricular catheter was used to administer urokinase to the clot. 

RESULTS Preliminary results showed dramatic reduction in 
clot volume within 48 hours of initiating treatment and modest 
clinical improvement in all four patients. No further hemorrhages 
were seen after treatment. Three patients ultimately died of non-
neurologic causes. 

CONCLUSIONS With careful patient selection, stereotaxy-
assisted thrombolytic therapy may be an advance in the treatment 
of certain cases of ICH. 
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DE S P I T E T H E I M P R O V E -

ments in diagnosis of-
fered by computed 
tomographic (CT) im-

aging, the mortality and morbidity 
associated with intracerebral 
hemorrhage (ICH) remain dis-
tressingly high.1-8 

Efforts to improve outcome by 
using image-guided stereotactic 
techniques to evacuate in-
tracerebral clots date to the mid-
1960s.9 Such methods included 
simple aspiration,10 devices 
employing the principle of 
Archimedes' screw,3,9 and fibri-
nolysis.11 Although the instilla-
tion of fibrinolytic agents into a 
fresh hematoma would intuitively 
seem hazardous, several reports 
have shown clinical outcome of 
this approach to be as good as or 
better than medical or other surgi-
cal series, with the risk of 
rehemorrhage no greater than 
after conventional manage-
ment.11"13 We report our ex-
perience using a ventricular 
catheter to administer urokinase 
to clots in four patients with hy-
pertensive ICH. 
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TABLE 
STEREOTACTICALLY GUIDED THROMBOLYSIS OF DEEP CEREBRAL HEMORRHAGE: 
PATIENT CHARACTERISTICS AND OUTCOME 

Presenting characteristics Follow-up 

Age/sex 
Predisposing 

factors 

Clot 
volume 
(cm3) Site Deficit 

Initial 
GCS* 
score 

Best 
GCS 
score 

Clot 
reduction 

Length of 
treatment 

(days) 
Length of 
follow-up Outcome 

68/M Hypertension 31.6 Right 
thalamus 

Hemiplegia, 
obtundation 

4 11 93.7% 4 1 month Improved, then 
expired from 
pneumonia 

67/F Hypertension 16.1 Left 
thalamus 

Hemiplegia, 
aphasia 

8 15 79.5% 2 6 months Improved 

79/F Hypertension 65 Left basal 
ganglia 

Hemiplegia, 
obtundation, 
aphasia 

4 6 81.0% 2 2 days Improved, then 
expired after 
myocardial 
infarction 

66/F Hypertension, 
anticoagulated 
status 

75.4 Right 
thalamus 

Hemiplegia, 
obtundation 

7 15 93.4% 8 2 months Improved, then 
expired after 
myocardial 
infarction 

*GCS, Glasgow coma scale 

H o u r s a f te r t h e r a p y in i t iat ion 

FIGURE 1. Reduction of clot volume in four patients after 
instituting stereotactic thrombolytic therapy. 

PATIENTS AND METHODS 

Patient selection 
Adults with recent ICH (<96 hours) and static 

or progressive neurologic deficit were candidates for 
treatment. However, patients were included only if 
the hemorrhage etiology was hypertension, 
amyloid, or iatrogenic (ie, following thrombolytic 
therapy). Patients were excluded if the hemorrhage 
was shown to be due to vascular malformation or 
aneurysm (identified by angiography) or tumor (as 
identified on clinical and radiographic grounds). 

Operative technique 
After angiography, a Brown-Roberts-Wells 

stereotactic headring (Radionics, Inc, Burlington, 
MA) and CT localization frame were applied. CT 
images were obtained encompassing the entire 
hemorrhage (5-mm slice/5-mm interval). These im-
ages were used to target the clot; they also allowed 
measurement of clot volume using customized 
volume measurement software. Stereotactic 
guidance was provided by a Cosman-Roberts-Wells 
arc (Radionics, Inc, Burlington, MA). After creat-
ing a hole with a twist drill, a 2-mm Silastic catheter 
(Codman & Shurtleff, Inc, Randolph, MA) was ad-
vanced into the hematoma using conventional 
stereotactic techniques. The clot was aspirated max-
imally, then 5000 U urokinase (1 mL) was instilled, 
followed by a 2-mL 0.9% sodium chloride flush. The 
catheter was then clamped. The patient was 
monitored in the neurosurgical intensive care unit, 
and the clot was aspirated and urokinase instilled 
every 5 to 6 hours. CT images were obtained twice 
daily. 

Endpoints 
Clot aspiration was discontinued when maximal 

benefit was derived from the procedure, as deter-
mined by (1) resolution of the clot on CT images, 
(2) a cumulative aspirated clot volume (excluding 
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F I G U R E 2 . Unenhanced computed tomographic scan of left thalamic hemorrhage (A) in a 67-year-old hypertensive woman 
with global aphasia and right hemiplegia. After urokinase treatment (B) , the clot volume is substantially reduced. T h e catheter 
tip is clearly seen (arrow). T h e patient was discharged to rehabilitation 3 weeks after treatment, at which time she could move 
her right lower limb, verbalize, and follow simple instructions. 

urokinase) equal to 9 0 % of calculated clot volume, 
or (3) recovery from neurologic deficit. Additional 
indications for discontinuation of treatment were 
clinical deterioration, rehemorrhage, or death. 

R E S U L T S 

Four patients were treated with intraclot 
urokinase. Their mean age was 70, with a range of 
66 to 79 (Table). T h e site of hemorrhage was the 
basal ganglia (one patient) or thalamus (three 
patients). The mean Glasgow coma scale score14 on 
admission was 6. The initial clot volume (mean ± 
SEM) was 47.0 cc5 ± 13.9 cc3 (range 16.1 to 75.4). 

The Glasgow coma scale score rose an average of 
6 points (range 2 to 8) after treatment (Table). Clot 
volume was reduced by 59 .4% ± 11.0% after 24 
hours of treatment and by 72.7% ± 12.4% after 48 
hours of treatment (Figure I ). Maximum clot reduc-
tion during therapy was 86 .9% ± 3 . 8 % . No rehemor-
rhage was seen after therapy was started. Repre-
sentative C T images obtained before and after 
therapy are presented in Figure 2. Three patients 
died of cardiopulmonary problems 2, 29, and 61 days 
after initiating treatment. 

D I S C U S S I O N 

Definitive treatment of ICH remains a con-
troversial topic. A number of authors have advo-

cated a surgical approach to treatment, but more 
recent studies support a trend toward "conservative" 
medical management of thalamic, putaminal and 
caudate hemorrhages. The lone exception to this 
approach may be when hematomas can be operated 
upon very early in their development (ie, within 7 
hours of presentation).2,11 

T h e advent of highly precise s tereotact ic 
methods in the treatment of brain disorders has 
raised enthusiasm regarding their use in the treat-
ment of ICH. Early efforts aimed at simple clot 
aspiration as well as more ingenious means of 
mechanical evacuation3,9 have placed the focus of 
early intervention on reducing hematoma volume; 
however, difficulties in obtaining significant reduc-
tion of the clot using these methods have led some 
investigators to use fibrinolytic agents as a means of 
enhancing clot evacuation. 

Fibrinolytic agents (specifically, urokinase) sub-
stantially reduce clots, and the incidence of 
rehemorrhage or other associated morbidity is no 
higher when thrombolytic agents are used to treat 
ICH than when they are not used.'1"13 Moreover, 
animal models of ICH treated with urokinase have 
demonstrated no evidence of additional damage at 
the cellular level attributable to this agent.15"17 

Theoretically, tissue-type plasminogen activator 
may be more specific and rapid in its action than 
urokinase, but little evidence supports its safe use in 
brain tissue. Moreover, its cost remains prohibitive. 
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Direct stereotactic administration of urokinase 
into intracerebral clot beds appears to be safe and 
effective in substantially reducing the size of the 
clot. The mean reduction of clot volume within the 
first 48 hours of therapy (> 70%) was achieved with 
no more (and likely less) neurologic morbidity than 
is associated with conventional surgical evacuation 
of basal ganglia and diencephalic ICH. These data 
are consistent with some previous observations that 
the clinical status of the patient at presentation, the 
size of the hematoma, and the presence of in-
traventricular clot primarily govern the outcome, 
irrespective of treatment modality.7,18-20 

The rationale for performing stereotactic throm-
bolytic therapy of ICH is that reducing clot volume 
by a substantial amount and removing potentially 
neurotoxic breakdown products of the hematoma 
should accelerate clinical recovery and lead to a bet-
ter clinical outcome. In our patients, early interven-
tion often led to considerable improvement in clini-
cal neurologic status based on resolution of deficits 
and Glasgow coma scale score. Unfortunately, three 
of the four patients ultimately died from non-
neurologic causes. Each of the patients who died 
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