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A B S T R A C T

Background

Spontaneous or secondary intraventricular hemorrhage is a marker of poor prognosis for hemorrhagic stroke. It can cause hydrocephalus
and require ventricular shunt placement, result in permanent neurological deficits or death. Fibrinolytic agents injected into the ventricular
system could dissolve blood clots, increase the clearance of blood from the ventricles and hence improve outcome.

Objectives

To assess the clinical eGicacy and safety of thrombolytic agents administered intraventricularly in the management of intraventricular
hemorrhage in adults.

Search methods

We searched the Cochrane Stroke Group Trials Register (last searched February 2002). In addition, we searched the Cochrane
Controlled Trials Register, MEDLINE, EMBASE, Current Contents, and International Pharmacy Abstracts to 2001. We handsearched several
neurosurgery journals and the references list of articles identified.

Selection criteria

Randomized unconfounded studies comparing intraventricular fibrinolytic therapy to placebo or open control for the management of
intraventricular hemorrhage in adults.

Data collection and analysis

Two reviewers independently assessed all identified trials. Clinically significant information related to patient population, eGicacy and
safety were extracted and summarized.

Main results

A total of 10 studies were identified by our search strategy. Eight of them were excluded because of case series designs or retrospective
control group. One quasi-randomized trial used alternate allocation and was excluded. Only one report met the review criteria for
randomization. The randomized trial reported good outcome but has important design flaws resulting in a biased control group and
therefore was excluded.
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Authors' conclusions

There is anecdotal evidence suggesting that the intraventricular administration of fibrinolytic agents in intraventricular hemorrhage maybe
of therapeutic value and safe. Thus far, there are no randomized trials of suGicient size and quality to evaluate the safety and eGicacy of
this treatment modality.

P L A I N   L A N G U A G E   S U M M A R Y

Fibrinolytic therapy for intraventricular hemorrhage in adults

There is no evidence available on the eGect of clot dissolving drugs for intraventricular hemorrhage. About one-sixth of all acute strokes
are due to bleeding in the brain. Sometimes the blood enters the ventricles, the fluid-filled spaces within the brain. This can block the
circulation of fluid around the brain, causing rapid neurologic deterioration and even death. Fibrinolytic (or clot dissolving) treatment
might help to break up blood clots, promote clearance of blood and reduce the risk of poor outcome. This review was not able to find
suGicient good quality evidence from randomized trials to show whether this treatment does more good than harm. This therapy appears
promising but further trials are needed to fully assess safety and eGicacy.
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B A C K G R O U N D

Intraventricular hemorrhage can occur spontaneously or
secondary to intracerebral hemorrhage or subarachnoid
hemorrhage. The presence of blood in the ventricular
system is a marker of poor prognosis (Tuhrim 1999). This
condition can cause neurological deficits and increase mortality.
Intraventricular hemorrhage can specifically lead to obstructive or
communicating hydrocephalus and result in the placement of a
ventriculoperitoneal shunt.

The clinical management of intraventricular hemorrhage consists
of inserting a ventricular catheter to drain cerebrospinal fluid
and blood. This method alone has not been shown to decrease
morbidity and mortality and is oJen complicated by the
obstruction of the ventricular catheter by coagulated blood.

The administration of fibrinolytic agents has been proposed as
an eGective way to increase blood clearance, clot lysis and
decrease ventricular enlargement in an animal model (Pang 1986).
Anecdotal reports suggest that fibrinolytic agents significantly
increase blood clearance, decrease the need of cerebrospinal
fluid shunt placement by minimizing the risk of communicating
hydrocephalus, decrease mortality while being safe (minimal risk
for causing a new intraventricular hemorrhage or intracerebral
hemorrhage) (Shen 1990; Todo 1991; Mayfrank 1993; Akdemir 1995;
Rohde 1995; Rainov 1995; Coplin 1998; Goh 1998; Tung 1998;
NaG 2000). The subject has recently been reviewed (Murry 1998;
Nieuwkamp 2000; Andrews 2001).

O B J E C T I V E S

To assess the clinical eGicacy and safety of thrombolytic
agents administered intraventricularly in the management of
intraventricular hemorrhage. Specifically, to:

• determine if the administration of a fibrinolytic agent decreases
the incidence of obstructive or communicating hydrocephalus
and cerebrospinal fluid shunt placement;

• verify if this medical intervention improves neurological
recovery and decreases mortality;

• estimate the rate of recurrent hemorrhage when thrombolytics
are administered intraventricularly to patients who have
suGered a recent hemorrhagic stroke with intraventricular
hemorrhage.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomized unconfounded studies comparing intraventricular
fibrinolytic therapy to placebo or open control. As the focus
of the review is the treatment of intraventricular hemorrhage,
studies reporting fibrinolytic therapy in subarachnoid hemorrhage
were not included. Because the complications of subarachnoid
hemorrhage unrelated to associated intraventricular hemorrhage
complicate the assessment of outcome, studies including patients
with intraventricular hemorrhage secondary to subarachnoid
hemorrhage were excluded.

Types of participants

Patients 18 years of age and older diagnosed with intraventricular
hemorrhage either spontaneously or secondary to intracerebral
hemorrhage.

Types of interventions

Trials comparing intraventricular administration of a fibrinolytic
agent in any dose with placebo or open control in the treatment of
intraventricular hemorrhage.

Types of outcome measures

Primary outcome

(1) Rate of case fatality within 30 days of onset of treatment.

Secondary outcomes

(2) Rate of developing hydrocephalus and requiring cerebrospinal
fluid (CSF) shunt placement within 30 days of onset of treatment.
(3) Rate of new intraventricular or intracerebral hemorrhage during
therapy potentially caused by the administered fibrinolytic agent.

Tertiary outcome

(4) Neurological outcome as measured by the Glasgow Outcome
Score at one, three and six months following onset of treatment.

Search methods for identification of studies

See: 'Specialized register' section in Cochrane Stroke Group

Relevant trials were identified in the Cochrane Stroke Group Trials
Register, which was last searched by the Review Group Co-ordinator
on 5 February 2002. We also searched the Cochrane Controlled
Trials Register (The Cochrane Library 2001, Issue 2), MEDLINE
(1966 to 2001), EMBASE (1980 to 2001), Current Contents (1980 to
2001), and International Pharmacy Abstracts (1970 to 2001). The
MEDLINE and EMBASE search strategies were modified for the other
databases (Appendix 1; Appendix 2).

We also handsearched several neurosurgery journals
(Neurosurgery, Journal of Neurosurgery, Journal of Neurology
Neurosurgery and Psychiatry, from 1990 to 2000) and the reference
lists of articles identified.

Data collection and analysis

Both reviewers assessed each identified study to determine if it
met the review criteria. Trials were evaluated for their patient
population, method of randomization, comparability of treatment
and control groups and blinding procedures. The reviewers
independently abstracted from each selected trial the details
of study design, patient population, treatment protocol, eGicacy
results and safety data. The assessments and abstracts were
compared and diGerences resolved by discussion.

R E S U L T S

Description of studies

A total of 10 studies were identified by our search strategy.

Shen 1990, Mayfrank 1993, Rohde 1995, and Goh 1998 reported
case series of four, 12, 20 and 10 patients respectively without
controls. Todo 1991, Rainov 1995, and Coplin 1998 reported case
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series of six, 16 and 22 patients respectively and provided historical
control groups. These studies were easily excluded from further
consideration.

Akdemir 1995 reported 13 patients with intraventricular
hemorrhage associated with hypertension, one of unknown
etiology, one related to subarachnoid hemorrhage and one
associated with coagulapathy. The hypertensive patients were
randomly allocated to treatment with urokinase and external
ventricular drainage or external ventricular drainage alone.
The other three patients were allocated to the control group.
Unfortunately the biased allocation of patients to the control group
excluded it from further consideration.

Tung 1998 alternately allocated 21 patients to urokinase or placebo
infusion through external ventricular drains. Although they call the
allocation 'alternate randomization', there is no evidence in the
report that randomization was used. The lack of randomization
excluded the study from further consideration.

NaG 2000 report a case series of 20 patients, eight of whom were the
initial enrollees in a randomized trial of intraventricular fibrinolysis
for intraventricular hemorrhage. The authors consider that they are
ethically and scientifically prohibited from breaking the code on
these eight patients, and therefore it is not known if they received
active therapy. Therefore, this is an uncontrolled case series in
which the treatment of all the patients cannot be determined. It is
therefore excluded from further consideration.

Risk of bias in included studies

There are no included studies.

E:ects of interventions

A total of 10 studies were identified by our search strategy. Seven of
them were excluded because of lack of randomization (Shen 1990;
Todo 1991; Mayfrank 1993; Rohde 1995; Rainov 1995; Coplin 1998;
Goh 1998). Three reports mention randomization (Akdemir 1995;
Tung 1998; NaG 2000).

The first study (Akdemir 1995) suggested that intraventricular
urokinase increases blood clearance. The mean diGerence in the
time to clear the lateral, third and fourth ventricles were three and
four days respectively. Six of nine patients who were treated with
ventricular drainage died when compared with two out of seven
for the treatment group. Interestingly, no recurrent hemorrhage or
infection was detected. Unfortunately, the random allocation was
supplemented by the direct allocation of patients with ruptured
aneurysm, coagulapathy or unknown etiology to the control group.
This violation of randomization creates a bias that renders the
results uninterpretable.

The second study (Tung 1998) suggested that the intraventricular
administration of urokinase for four days can improve outcome
(Glasgow Coma Scale (GCS) of 10 versus 9), decrease case
fatality (10% versus 28% on day six) and lower the incidence of
hydrocephalus (33% versus 50% among survivors). At one and
three months, Glasgow Outcome Score (GOS) scores were more
favourable for the urokinase group. Overall, 20% of urokinase
treated patients had experienced death or persistent vegetative

deficit (this is compared with 100% of patients in the control group).
Of note, the majority of patients randomized to the treatment group
had severe disability (60%). The authors did not report any cases
of bleeding episodes but reported an increased risk of ventriculitis
within the urokinase group (20% versus 10%). These aGirmations
were solely based by comparing the incidence of each outcome of
interest. No statistical analysis was performed to verify the validity
of diGerences observed. Unfortunately the authors describe their
allocation process as 'alternate randomization'. We have attempted
unsuccessfully to contact the authors for clarification, but must at
this time assume that strict alternation was used. Therefore the
inclusion criterion of randomization is not met.

The third study (NaG 2000) compared the mortality rate of patients
who received intraventricular urokinase with a validated mortality
prediction model (Tuhrim 1999). Eight of the 20 patients were the
initial enrollees in an ongoing randomized trial of intraventricular
fibrinolysis in intraventricular hemorrhage. Their actual treatment
status is unknown. In the study cohort, only one patient died
despite a predicted 30 day-mortality rate of 84.37%. When all
20 patients were included, four (20%) patients died despite a
predicted 30 day-mortality rate of 68.42%. No information related
to the incidence of cerebrospinal fluid shunt placement or safety
data are reported.

D I S C U S S I O N

There is suggestive and anecdotal evidence that the
intraventricular administration of fibrinolytic agents in
intraventricular hemorrhage might be safe and of therapeutic
value. However, the trials completed so far are of insuGicient size
and quality to allow any determination of either safety or eGicacy.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

There are no adequate randomized clinical trials to determine the
balance of risk and benefit of intraventricular fibrinolytic therapy
for intraventricular hemorrhage. At this time the safety and eGicacy
of this form of therapy has not been demonstrated and such
treatment should be reserved for well designed clinical trials.

Implications for research

There is enough evidence to support the design and conduct of a
randomized, double-blind, placebo-controlled trial to evaluate if
this novel therapy is safe and eGective. The rate of clearance of the
ventricles, the rate of recurrent hemorrhage, objectively evaluated
neurologic outcome and case fatality rate as well as the rate of
shunting required for the treatment of hydrocephalus should be
assessed. Should this therapy be found safe and eGective, several
questions will remain to be answered: how early should therapy
be started?; how long should therapy be continued?; what is the
optimal drug, dose, frequency and mode of administration?; what
is the cost-benefit ratio of such a therapeutic exercise?

A C K N O W L E D G E M E N T S

None
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Study Reason for exclusion

Akdemir 1995 Biased allocation to control group

Coplin 1998 Not randomized, case series (n = 22) with a retrospective control group (n = 22)

Goh 1998 Not randomized, case series (n = 10) with no control groups

Mayfrank 1993 Not randomized, case series (n = 12), no control group

NaG 2000 Not randomized, case series (n = 12) and eight blinded patients from ongoing clinical trial

Rainov 1995 Not randomized, case series (n = 16) with a retrospective control group (n = 5)

Rohde 1995 Not randomized, case series (n = 20) with no control group

Shen 1990 Not randomized, case series (n = 4), no control group

Todo 1991 Not randomized, case series (n = 6) with a retrospective control group (n = 5)

Tung 1998 Not randomized, used alternate allocation

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title IVH Thrombolysis Trial

Methods  

Participants 12 USA and 3 European medical centers

Interventions Intraventricular rt-PA versus placebo

Outcomes Blood clearance, incidence of shunt placement, neurological outcome, mortality and safety data
(bleeding episodes and ventriculitis)

Starting date January 2000

Contact information Upon request to reviewers

Notes Ongoing study

IVH Trial (r-tPA) 

 

 

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

MEDLINE (Ovid)

1 exp cerebral hemorrhage/
2 Intracranial hemorrhage, hypertensive/ or Intracranial hemorrhages/
3 Exp Cerebral ventricles/bs (blood supply) or exp *cerebral ventricles/ or IVH.tw.
4 ((brain or cerebral or intraventricular or intracranial or intracerebral) adj10 (haemorrhage$ or hemorrhage$ or bleed$)).tw.
5 1 or 2 or 3 or 4
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6 Thrombolytic therapy/
7 Exp Fibrinolytic agents
8 Fibrinolysis
9 (thrombolys$ or fibrinolys$ or clot lysis).tw.
10 (plasminogen or plasmin or t-PA or rt-PA or rtPA).tw.
11 (urokinase or plasminogen activator or pro?urokinase or streptokinase or alteplase or anistreplase or saruplase or rt-pa or r-tpa or rtpa
or tpa or t-pa).tw.
12 or/6-11
13 5 and 12
14 randomised controlled trial.pt.
15 randomised controlled trials/
16 controlled clinical trial.pt.
17 controlled clinical trials/
18 random allocation/
19 double-blind method/
20 single-blind method/
21 clinical trial.pt.
22 exp clinical trials/
23 (clin$ adj25 trial$).tw.
24 ((singl$ or doubl$ or tripl$ or trebl$) adj25 (blind$ or mask$)).tw.
25 placebos/
26 placebo$.tw.
27 random$.tw.
28 research design/
29 clinical trial phase ii.pt.
30 clinical trial phase iii.pt.
31 clinical trial phase iv.pt.
32 (controls or control group$ or controlled trial$).tw
33 or/14-32
34 13 and 33
35 limit 34 to human

Appendix 2. EMBASE search strategy

EMBASE (Ovid)

1 exp brain hemorrhage/
2 exp brain ventricle/
3 bleeding/
4 2 and 3
5 (ivh or pivh).tw.
6 (intraventricular or ventricle$ or intracerebral or periventricular or brain or intracranial).tw.
7 (hemorrhag$ or haemorrhag$ or bleed$).tw.
8 6 and 7
9 brain ventricle dilatation
10 1 or 4 or 5 or 8 or 9
11 exp fibrinolytic agent/
12 fibrinolytic therapy/
13 fibrinolysis/
14 blood clot lysis/
15 fibrinogenolysis/
16 (thromboly$ or fibrinoly$ or antithromb$).tw.
17 (urokinase or plasminogen activator or pro?urokinase or Streptokinase or alteplase or anistreplase or saruplase or rt-pa or r-tpa or rtpa
or tpa or t-pa).tw.
18 intracerebroventricular drug administration/
19 clot lys$.tw.
20 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19
21 10 and 20
22 limit 21 to human
23 clinical trial/
24 multicenter study/
25 phase 2 clinical trial/
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26 phase 3 clinical trial/
27 phase 4 clinical trial/
28 randomised controlled trial/
29 controlled study/
30 double blind procedure/
31 single blind procedure/
32 randomization/
33 major clinical study/
34 placebo/
35 drug comparison/
36 clinical study/
37 ["0197".tg.]
38 ["0150".tg.]
39 ["03738".dc.]
40 (clin$ adj25 trial$).tw.
41 ((singl$ or doubl$ or tripl$ or trebl$) adj25 (blind$ or mask$)).tw.
42 placebo$.tw.
43 random$.tw.
44 control$.tw.
45 Longitudinal study/
46 Prospective study/
47 "Evaluation and follow up"/ or Follow up/
48 versus.tw.
49 prospective.tw.
50 types of study/
51 methodology/
52 comparative study/
53 ct.fs.
54 ((intervention or experiment$) adj5 group$).tw.
55 or/23-54
56 22 and 55
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