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Outcome analysis of intraventricular
thrombolytic therapy for
intraventricular haemorrhage

Objectives. To evaluate the outcome of intraventricular thrombolytic therapy
for intraventricular haemorrhage and to formulate a safe and effective regimen.
Design. Retrospective study.
Setting. Regional neurosurgical centre, Hong Kong.
Patients. Twenty-nine consecutive adult patients who presented from November
1995 to November 1998 with non-traumatic intraventricular haemorrhage (Graeb
score, ≥7) with no active rebleeding risks from vascular abnormalities.
Interventions. Fourteen consecutive patients received intraventricular
streptokinase via the external ventricular drainage, and 15 consecutive patients
received intraventricular urokinase treatment.
Main outcome measures. Patient demographics, Glasgow coma scale score,
Graeb score, mortality rate, shunt rate, fever response, infection rate, catheter
blockage rate, and local and systemic bleeding tendency.
Result. The mean age of the 16 men and 13 women was 59 years (range, 14-76
years). The median Graeb score for cases of intraventricular haemorrhage was
10 (range, 7-12). There was no significant difference in terms of the Graeb score
distribution, total dosage, and duration of treatment between the streptokinase
and urokinase groups. More cases of fever were observed in the streptokinase
group, which could be due to its antigenicity. The infection rate of the central
nervous system was 3%, and the shunt rate was 24%. The overall 1-month
postoperative mortality was 10%, which was related to a low preoperative Glasgow
coma scale score (≤4). No local rebleeding, systemic coagulopathy, or catheter
blockage occurred.
Conclusions. Intraventricular thrombolytic therapy is a safe and effective method
of managing intraventricular haemorrhage. We suggest instilling 20 000 units
urokinase intra-operatively, followed by 20 000 units daily for about 3 days,
except in cases of vascular abnormality, bleeding tendency, and trauma.
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Introduction

Intraventricular haemorrhage (IVH) is a strong independent
indicator of poor functional outcome and mortality.1 In
addition to the initial insult to the brain, various mechanisms
contribute to brain damage. For example, an intraventricular
blood clot may hinder effective circulation of the cere-
brospinal fluid (CSF), leading to obstructive hydrocephalus
and raised intracranial pressure. The blood clot may distend
the ventricle walls, thereby damaging the periventricular
neural and vascular structures. Breakdown products of the
blood clot may also cause adhesive arachnoiditis, or blockage
of arachnoid granulations, thereby leading to delayed
communicating hydrocephalus.2,3

Several experimental and clinical studies have shown
that intraventricular thrombolytic therapy (ITT) may hasten
the resolution of IVH.4-9 This treatment can shorten the
duration of external ventricular drainage needed, thereby
leading to a decreased infection rate,10,11 a decreased rate of
catheter blockage, and a reduced incidence of delayed
hydrocephalus and reduced requirement for permanent
shunting procedure. Consequently, the overall outcome is
improved and hospital stay shortened.  Intraventricular lysis
is an effective and safe procedure, but there is wide variation
in the literature regarding the length and dosage of the ITT.
In this study, we evaluate the outcome of ITT for IVH and
formulate a safe and effective regimen.

Methods

Since 1995, we have been giving intraventricular throm-
bolytic agents—streptokinase or urokinase—and using
external ventricular drainage in the Department of Neuro-
surgery, Pamela Youde Nethersole Eastern Hospital, for IVH.
Recombinant tissue plasminogen activator has not been used
because it was relatively expensive.

Between November 1995 and November 1998, 29 con-
secutive patients were operated on in our department after
computed tomography findings showed IVH; treatment
consisted of urgent external ventricular drainage and ITT.
Surgery was indicated if IVH was massive and involved the
third and fourth ventricles (Graeb score12 ≥7, on a scale of
1-12) [Table 1, Fig 1]. Patients with a poor premorbid state
were treated conservatively, and thrombolytic agents were
not given to patients with suspected bleeding cerebral
aneurysm or injury due to trauma.

We instilled 20 000 units urokinase in 2 mL warm
Hartman’s solution to the external ventricular drainage
system, followed by 2 mL warm Hartman’s solution, all
under aseptic conditions. The drainage system was then kept
clamped for 1 hour before free drainage at ear level. Because
a large intraventricular infusion volume (>10 mL) is
associated with headache and profuse sweating,7 ITT was
stopped and the drainage system removed when the third
and fourth ventricles were cleared of blood and the Graeb
score for the IVH was 1 or less (Fig 2).

We reviewed all the medical records and computed
tomography films. We particularly searched for potential
complications, such as infection, local rebleeding,

Fig 1. Computed tomography scans showing massive intraventricular haemorrhage at the third and fourth ventricles

* Maximum total score is 12
† Each lateral ventricle is scored separately
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Table 1. System for grading severity of intraventricular
haemorrhage
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generalised bleeding tendency, catheter obstruction,
headache, sweating, transient confusion, allergic reactions,
and fever. For all patients, the systemic clotting profile was
monitored and the CSF in the drainage system was routinely
sent for Gram stain analysis, culture, and biochemical tests;
the ventricular catheter tip was sent for culture.

Results

Among the 29 patients, 14 consecutive patients received
intraventricular streptokinase, and 15 consecutive patients
received intraventricular urokinase (Table 2). The ages of
the 16 men and 13 women ranged from 14 to 76 years (mean,
59 years). The Graeb scores for the IVH ranged from 7 to 12
(median, 10), with no significant difference between the two
treatment groups (P=0.88, two-tailed Mann-Whitney U test).
The causes for the IVH were parenchymal putaminal and
thalamic haemorrhage (52%), primary vascular ab-
normalities (28%), including arteriovenous malformation
(AVM) and Moyamoya disease (17%), as well as generalised
bleeding tendency such as thrombocytopenia (3%).

Only one patient (patient 28) had a positive result from
culture testing (3%): the ventricular catheter tip grew
methicillin-resistant Staphylococcus epidermidis. The
patient had diabetes mellitus and suboptimal control of
serum glucose level. She was treated with a course of
intravenous vancomycin and had no long-term sequelae.
Another patient (patient 3) had unexplained transient low
glucose content in the CSF but had negative cultures in the
CSF and the drainage system.

One patient (patient 27) had transient coagulopathy after
surgery, with coffee-ground vomiting, oozing over wounds,
and gross haematuria, even before intraventricular in-
stillation of urokinase. He had a history of alcoholic liver
disease with preoperative thrombocytopenia (platelet
count, 103 x 109 /L [reference range, 150-450 x 109 /L])

and abnormal clotting (international normalised ratio, 1.3).
He was treated conservatively with one episode of fresh
frozen plasma transfusion and had a smooth recovery.
Intraventricular urokinase was given under close monitor-
ing once the clotting was normalised; therapy lasted for 8
days in total. For all other patients, their clotting profiles
remained normal after ITT. No local rebleeding, catheter
obstruction, headache, sweating, or transient confusion was
noted in any patients.

All 14 patients had a high swinging fever (>38.5ΟC) after
streptokinase treatment, irrespective of whether they had
foci of infections. In contrast, seven of the 15 patients who
received urokinase treatment remained afebrile.

For the streptokinase group, the total dosage ranged
from 25 000 to 275 000 units (mean, 91 214 units). The
duration ranged from the intra-operative time to 11 post-
operative days (mean, 3.8 days). For the urokinase group,
the total dosage ranged from 40 000 to 300 000 units
(mean, 103 666 units). The duration ranged from the intra-
operative time to 13 postoperative days (mean, 4.5 days).

The operative mortality of external ventricular drainage
for ITT was approximately 10% within 1 month post-
operatively. All three patients who died had preoperative
Glasgow coma scale score of 4 or lower, with fixed and
dilated pupils. Sixty-six percent (19/29) of patients had
good outcome, with preoperative Glasgow coma scale scores
of 5 to 15 (median, 9); they all regained full consciousness
postoperatively. The overall shunt rate was 24% (7/29) and
the duration between the shunting procedure and external
ventricular drainage ranged from 1 week to 1 month.

Discussion

Among the patients who had ventriculostomy for ITT in
this series, the central nervous system (CNS) infection rate

Fig 2. Computed tomography scans showing the third and fourth ventricles are cleared of blood
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was approximately 3%. This rate was about three times that
among patients with ventriculostomy alone.13 This difference
was compatible with the finding of prospective studies that
IVH per se is related to a higher infection rate.14,15 Whether
this association is due to increased handling of the external
ventricular drainage system is still debatable. Incidences of
CNS infection during ventriculostomy alone can range from
0% to 40%,14-19 but are most commonly 10% to 17%.
Because no catheter obstruction was encountered among

the patients in our series, ITT may be preferable to
ventriculostomy alone in the management of IVH.

The documented mortality among patients receiving ITT is
32% compared with 67% among the control group,20 and the
mortality among those with ventriculostomy alone ranges from
36% to 83%.21 Our 10% 1-month operative mortality was thus
considerably lower. This finding may be accounted by our
lower CNS infection rates and better patient selection. Patients

Table 2. Patient characteristics

* Scores are in the following sequence: right lateral, left lateral, third ventricle, fourth ventricle (total)
† IVH intraventricular haemorrhage
‡ ICH intracerebral haemorrhage
§ Primary refers to the idiopathic spontaneous intraventricular haemorrhage
|| AVM arteriovenous malformation
¶ SK streptokinase
** UK urokinase
†† GCS Glasgow coma scale; E denotes eye response, M motor response, and V verbal response, (total); PFAD denotes pupils fixed and dilated
‡‡ MSSA methicillin-sensitive Staphylococcus aureus
§§ MRSE methicillin-resistant Staphylococcus epidermidis
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with a poor premorbid condition were treated conservatively.
In addition, patients with suspected bleeding cerebral aneurysm
and haemorrhage due to trauma did not receive ITT. In our view,
conservative management should be used for patients with
poor preoperative Glasgow coma scale score (≤4) and with fixed
and dilated pupils, even if they are relatively young.

In the literature, the shunt rate among adult patients
receiving ITT is 33%.9 For adults undergoing only ven-

triculostomy, the shunt rate is 40%.7 Our 24% shunt rate
compared favourably to that documented and supported the
finding that ITT can lower the shunt rate.

The differences in the total dosage and duration of ITT
were not statistically significant between the streptokinase
and urokinase groups. However, there was a statistically
significant difference in fever response between the two
groups (P=0.003; χ2=14.1). This result could be due to the
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allergic response triggered by streptokinase. In view of the
possible allergic reactions, we recommend instillation of
20 000 units of urokinase intra-operatively, followed by
20 000 units daily, for about 3 days. Studies have shown
that the clot in the third and fourth ventricles should resolve
on the third postoperative day.4,8 However, for patients with
IVH due to vascular abnormalities, such as bleeding AVM,
caution should be given as the risk of rebleeding in these
conditions, which is expected to be high and each case should
be considered individually. There were four cases of IVH
related to AVM as listed in Table 2 (patients 9, 13, 20, and
26; all were ≤45 years). For patients 9 and 20, the AVMs
were embolised before ITT. For patients 13 and 26, external
ventricular drainage was inserted but was blocked shortly
afterwards (probably related to the extensiveness of IVH—
Graeb scores 11 and 12 out of 12, respectively), and ITT
was given to maintain the patency of the drainage system.
For patients with a suspected bleeding cerebral aneurysm
or occult vascular lesion, it is important that cerebral
angiography should be performed before the application of
thrombolytic agents, irrespective of the presence or absence
of subarachnoid haemorrhage. High clinical suspicion is
warranted for cases of occult vascular lesion in patients in
younger age-groups, such as those aged 45 years or younger.
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