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Fibrinolytic agents in the management 
of posthemorrhagic hydrocephalus 
in preterm infants: the evidence

Stephen J. Haines
Marc Lapointe

Abstract The objective of this
study was to review current literature
on the management of posthemor-
rhagic hydrocephalus in preterm in-
fants with intraventricular adminis-
tration of fibrinolytic agents; to this
end a literature search was carried
out electronically. The keywords
used were “intraventricular hemor-
rhage” or “posthemorrhagic hydro-
cephalus” in combination with 
“fibrinolytic agent,” “urokinase,”
“streptokinase,” or “recombinant 
tissue plasminogen activator” and
“intraventricular administration”; the
search covered the years 1966–1998
and was restricted to English lan-
guage papers and human subjects. 
It was supplemented by a search
through the reference lists of the arti-
cles identified. Articles dealing with
intracerebral hemorrhage or hemato-
ma, intraventricular hemorrhage in
adults, nontherapeutic issues and 
laboratory research were excluded.
The articles included are summar-
ized in evidence and evaluation 
tables. Five scientific publications
evaluating the use of a fibrinolytic
agent to manage posthemorrhagic
hydrocephalus were retrieved. In the
studies described in these reports, a
total of 62 neonates received strep-
tokinase, urokinase or r-tPA intra-
ventricularly. No two of the regimens
were identical in the drug used,
method of administration and dura-
tion of therapy. The time before ther-
apy was started ranged from 2 to 35

days after the ictus. Among the case
series reported, three were small se-
ries with a total of 38 neonates. One
other case series of 18 neonates com-
pared the treatment group with an
historical control group. All case 
series showed that endoventricular
fibrinolytic therapy was practical.
The proportion of cases in which
shunt placement was performed
ranged from 11% to 100%. Only one
small prospective, randomized, con-
trolled study was identified. That
study was too small to allow useful
conclusions. Overall, 3 cases of sec-
ondary intraventricular hemorrhage
were reported. However, it was not
possible to determine with certainty
whether these episodes were related
to the drug therapy itself. The reports
suffer from inadequate study design,
lack of descriptive information and
short follow-up period. There is in-
sufficient evidence to justify the
claim that fibrinolytic agents admin-
istered intraventricularly in post-
hemorrhagic hydrocephalus are safe
and effective. More evidence is
needed to prove or disprove the ef-
fectiveness and safety of this form 
of therapy.
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Introduction

We recently evaluated the use of fibrinolytic agents in
adults with intraventricular hemorrhage (IVH) [2]. Be-
cause the etiology and pathophysiology of neonatal IVH
differ in many important ways from those of IVH in adults,
we have reviewed the evidence regarding the use of fibrin-
olytic agents in neonates separately.

It is well known that preterm infants are at increased
risk of developing IVH. Ventricular dilatation can occur 
in variable proportions in these patients. Eventually, most
(60%) neonates with progressive posthemorrhagic hydro-
cephalus (PHH) will require the placement of a ventricu-
loperitoneal (VP) shunt [14]. The majority of these patients
need subsequent surgical revisions, and some require anti-
biotic therapy for shunt infection. Some of the inherent and
associated neurological morbidity in these children is prob-
ably related in part to complications of medical interven-
tions (acetazolamide, furosemide) and surgical procedures
(lumbar puncture, ventricular drainage system). Recent re-
view articles have addressed the pathology of neonatal hy-
drocephalus and the medical and surgical management of
PHH in depth [1, 3, 10].

To understand the hypothesis that exogenously increas-
ing ventricular fibrinolysis with fibrinolytic agents can 
result in better blood clearance and thereby improve out-
come, the reader should consider the earlier observations
made by Pang and colleagues in an animal model of IVH
and by Whitelaw and colleagues in several studies evalu-
ating local fibrinolysis in the cerebrospinal fluid (CSF) of
neonates who developed IVH and PHH.

Prior to studying the effect of intraventricular adminis-
tration of fibrinolytic agents in neonates with PHH and
adults with IVH, Pang and colleagues had published three
very interesting articles. In this series, they described a 
canine model of IVH, where blood was injected intraven-
tricularly to produce a solid blood cast in the ventricular
system [11]. Then, after the dose of urokinase necessary
to lyse the amount of blood to be injected in the ventricles
had been determined in vitro [12], a study was performed
in 20 mongrel dogs. In this comparative study, half of the
dogs received 20,000 U of urokinase every 12 h starting
6 h after ventricular clot injections. Treatment was contin-
ued until complete clot lysis. Dogs who received urokinase
had complete clot lysis within 3–6 days, as opposed to
38–65 days for the untreated group. No cases of local or
systemic hemorrhages were reported among the dogs
treated with urokinase. In general, the neurological status
of treated dogs improved promptly and ventricular disten-
sion post-ictus was minimized [13].

In a clinical human study, Whitelaw and colleagues
demonstrated that neonates with IVH and PHH have in-
creased natural fibrinolytic activity [19]. Fibrinolytic ac-
tivity measured by the concentration of fibrin degradation
product (FDP) in the CSF obtained by lumbar (or ventric-
ular in PHH) taps was significantly more elevated when

PHH was present. The median concentration was approx-
imately 3 and 10 times as high in the IVH and PHH in-
fants, respectively, than in the normal preterm infant group.
In addition, they suggested that the peak concentration of
FDP was observed at 2 weeks after the hemorrhage in one
patient. Another study demonstrated an increased but de-
layed endogenous fibrinolysis in a similar population of
neonates by using a fibrin plate method [18]. Similarly, a
subsequent report demonstrated that CSF tissue plasmino-
gen activator was elevated in infants with IVH with ven-
tricular dilatation. In addition, the observed fibrinolytic
state could persist up to 8 weeks after the hemorrhage [23].
Finally, they reported that the level of FDP (D-dimer) 
was higher in neonates with PHH during intraventricular
streptokinase therapy. D-dimer in the CSF increased up to
10-fold. It is of note that D-dimer levels in the plasma of
study subjects were undetectable, which suggests that the
fibrinolytic activity measured was local without any sig-
nificant systemic effect [21]. Acute restoration of CSF flow
with prevention of communicating hydrocephalus is the
desired outcome in treatment of neonatal IVH. It is hoped
that this will have a positive effect on cognitive outcome,
but the avoidance of shunt treatment itself would have an
important benefit for these patients. The safety of the treat-
ment is also of concern, as repeated intraventricular injec-
tions and continuous CSF drainage carry a real risk of in-
fection and an unknown risk of promoting further hemor-
rhage.

Method

We performed a literature search in Medline and Current
Contents, using the keywords “intraventricular hemor-
rhage” or “posthemorrhagic hydrocephalus” in association
with “fibrinolytic agent,” “urokinase,” “streptokinase,” or
“recombinant tissue plasminogen activator” and “intraven-
tricular administration”; the search covered the years
1966–1998 and was restricted to English language papers
and to human subjects. It was supplemented by a search
through the reference lists of the articles identified. Arti-
cles dealing with intracerebral hemorrhage or hematoma,
IVH in adults, nontherapeutic issues and laboratory re-
search were excluded. The articles that were included are
summarized in Tables 1 and 2 (evidence and evaluation 
tables). The criteria for evaluation of these articles are
those of Sackett et al. [15].

Results

Five published articles attempt to evaluate the therapeutic
efficacy of thrombolysis for neonatal IVH (Tables 1, 2).
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Study [literature Whitelaw et al. [20] Hudgins et al. [6] Whitelaw et al. [24] Luciano et al. [8] Hansen et al. [4]
reference]

Type of study Case series Case series Case series Randomized, prospective Case series

Controls None Retrospective None Ventricular drainage if None
high ICP or furosemide 
only

No. treated 9 18 22 6 7

No. of controls None 39 None 6 None

Age at time of IVH
Treatment group 25–31 weeks of 23–33 weeks of 26–33 weeks of Mean: 29 weeks of 26–38 weeks of 

gestation gestation gestation gestation gestation
Control group 23–33 weeks of Mean: 29 weeks of 

gestation gestation
Birth weight

Treatment group 724–1750 g 580–1830 g 805–2500 g Mean (SD) 1425 (1166) g 845–1620 g
Control group 510–1800 g Mean (SD) 1233 (666) g

Clinical baseline
Treatment group IVH with ventricles IVH grade 3 or 4 IVH grade 3 or 4 IVH with ventricles  Head circumference

enlarged to >4 mm (median 3) enlarged to >4 mm over growth >2 cm/week
over the 97th centile the 97th centile with diuretics and

Control group IVH grade 3 or 4 LP

Therapy started 8–27 days after birth 2–35 (mean 12) 8–26 days after 3–24 (mean 12) days 26–30 days of age
days after ictus birth after birth

Treatment duration 12- to 72-h 7 days; total dose 1–5 (median 2 or 3) 96-h continuous infusion 72-h intermittent 
continuous infusion; 110,000–140,000 doses; duration 1 or interrupted for CSF infusion with-
total dose: IU in group 1 or 7 days drainage ventricular drainage
7,000–70,000 IU 280,000 IU in every 90 min

group 2

Dose Streptokinase Urokinase 10,000– r-tPA 0.5 mg or 1 mg Streptokinase Urokinase
20,000–25,000 IU/ 20,000 IU q 12 h, bolus administra- 20,000 IU/24 h 20,000 IU/24 h
24 h patients divided into tion at 1- to 7-day 

low- and high-dose- (median 2-day) 
treatment groups intervals

Method Through percut- VAD, intermittent Ventricular puncture; Percutaneous endo- VAD: ventricular
aneous ventric- ventricular drainage or external ventricular catheter, catheter with 
ular catheter, LP before urokinase ventricular catheter; frequent CSF drainage attached subcuta-
performed during administration LP performed to for high ICP, CSF tap neous reservoir
therapy to optimize optimize drug daily
drug distribution distribution

Monitoring Twice-daily cranial Cranial ultrasound  Cranial ultrasound Cranial ultrasound  Cranial ultrasound,
ultrasound to moni- performed every daily during treat- performed every daily for 3 days, 
tor size. Ventricular other day; 1–4 ment, then twice other day then 4 days after
fluid removed to months’ follow-up weekly; at least 9 urokinase infusion
control CFP months’ follow-up and VAD removal

Results
Treatment group No data of interest Better LVH/HW No change in plasma  Statistically significant   Quantitative meas-

regarding size of ratio pre/post with fibrinogen observed; enhancement of CSF urement of D-dimer
ventricles over time urokinase (P<0.001); r-tPA half-life in lysis determined by increased during 
reported; no evi- shunt placement CSF 24 h fibrin degradation treatment but 
dence of systemic lower in low-dose product during treat- ventricle and clot 
effect group (37%) than in ment size decreased 

controls (P<0.002) inconsistently
Control group N/A 3 had VAD infection N/A No data of interest N/A

requiring replacement reported

Table 1 Evidence table – intraventricular urokinase for the treat-
ment of intraventricular hemorrhage (IVH); (CFP cerebrospinal fluid
pressure, DNA authors did not assess, ICP intracranial pressure, 

LP lumbar puncture, N/A not applicable, SD standard deviation, 
VAD ventricular access device)
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Whitelaw and colleagues published the first results of
a pilot study in which a fibrinolytic agent was administered
intraventricularly to preterm infants with PHH [20]. In
their study, they treated a total of nine premature neonates
diagnosed with IVH and progressive ventricular dilatation
with a continuous intraventricular infusion of streptoki-

nase. In all cases, IVH was diagnosed within 96 h of birth
but therapy was started 8–27 days postnatally. In their se-
ries, only one infant had a surgical shunt placed after the
administration of streptokinase. Although the authors qual-
ified their findings as encouraging, and favorable in com-
parison with the results of the multicenter ventriculome-

Table 1 (continued)

Study [literature Whitelaw et al. [20] Hudgins et al. [6] Whitelaw et al. [24] Luciano et al. [8] Hansen et al. [4]
reference]

Outcome
Treatment group Duration of follow- 1 death 12 patients were dis- 1 death 1 death before full

up not stated charged, no note of treatment completed
morbidity

Control group N/A 3 deaths prior to  N/A 1 death N/A
shunt placement;
3 shunt infections in 
survivors

Hydrocephalus
Treatment group 1 case of progressive  12/18 needed shunt 9 survivors with 3/5 survivors with shunt All survivors (6/6)  

hydrocephalus with shunt placement required shunt
shunt placement placement

Control group N/A 33/36 survivors N/A 3/5 survivors with shunt N/A
required shunt

Complications in Intraventricular No hemorrhage; Death (1); intraven- Intraventricular bleed CSF leukocytosis
treatment group bleed (1); catheter VAD infection (4) tricular bleed (1); 48 h after infusion (1); (1); no hemorrhage;

removal (3); no CSF no ventriculitis meningitis during no infection
infection septicemia (1)

Table 2 Evaluation table – intraventricular urokinase for the treatment of intraventricular hemorrhage (IVH) a; (CFP cerebrospinal fluid
pressure, DNA authors did not assess, ICP intracranial pressure, LP lumbar puncture, N/A not applicable, SD standard deviation)

Study [literature reference] Whitelaw et al. Hudgins et al. [6] Whitelaw et al. Luciano et al. Hansen et al. 
[20] [24] (1997) (1997)

Assignment random? No No No Yes (method not No
stated)

RCT Quality Score N/A N/A N/A 1 N/A
Group similarities? N/A Age, weight, IVH grade N/A Age, weight N/A
Prognostic stratification? None Yes (by IVH grade) By IVH grade None None
Report all clinically relevant Partially Partially Partially Yes Yes

outcomes?
Mortality and morbidity? Yes (partially) Yes Yes Yes Yes
Deaths from all causes? Yes (assumed) Yes (assumed) Yes (assumed) Yes Yes (assumed)
Quality of life assessment? No No No DNA Partially
Study patients similar to own Possibly Yes Possibly Yes Possibly

patients?
Defined exclusion criteria? None None Partially None Partially
Both statistical and clinical DNA Yes DNA DNA DNA

significance considered?
Therapy available and feasible Yes Yes Yes Yes Yes

in practice?
Contamination avoided? No Assumed, not stated Not stated Assumed, not stated DNA
Compliance measured? No Not stated Yes Assumed, not stated Briefly stated 
All patients accounted for? Yes Yes for treatment group Yes Yes Yes
Drop-outs, withdrawals handled N/A Yes for treatment group; N/A Yes N/A

correctly? not stated for controls

a This table is abridged. The authors would be pleased to provide the unabridged version upon application
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galy trial [17], several questions remain. It is not possible
to determine from the report precisely how long after the
ictus the fibrinolytic treatment was started. This is an im-
portant detail if one assumes that a fibrinolytic agent may
have to be administered at a strategic moment during the
natural fibrinolysis cycle. In addition, this study cannot be
replicated, since there is no information on the IVH grade
of the patients, inclusion criteria and clinical follow-up. In
terms of safety, one infant developed a fresh intraventric-
ular bleed, which was “effectively managed.” No further
detail relating to that case was provided. From this series,
one can only hypothesize that intraventricular administra-
tion of a fibrinolytic agent may be a useful therapeutic 
option. The full assessment of clinical outcome is not pos-
sible because of the lack of information and the undefined
follow-up period. Noteworthy is the fact that in a subse-
quent publication, the same authors briefly mentioned that
based on that same protocol, a total of 13 patients were
later enrolled. Of this number, 4 neonates underwent shunt
placement and 1 died early [24]. Because these patients
were not described, we have not included them in Table 1
(the evidence table).

Another group of investigators led by Whitelaw also
completed a phase I trial in which 22 neonates with PHH
received recombinant tissue plasminogen activator (r-tPA)
[24]. In this report, the authors stated that they chose not
to use streptokinase, partly on the basis of their previous
clinical experience, but also because of its potential immu-
nogenicity, decreased plasminogen activity, reduced spec-
ificity for fibrin and pharmacokinetic properties. Unlike
the previous report with streptokinase, this one presents
the inclusion criteria, which are reproducible (similar to
those in the Ventriculomegaly Trial), and the subjects’ 
clinical states were better described. The inclusion crite-
ria were: (1) IVH documented by ultrasound scan; (2) pro-
gressive expansion of ventricular width; (3) smaller ven-
tricular width exceeding 4 mm over the 97th centile; (4)
no more than 28 days elapsed since the estimated date of
hemorrhage. Overall, all patients had IVH grade III or IV
(as previously defined by Papille [14]) and received up to
five doses of r-tPA. Nine patients ultimately required shunt
placement. The study suffers from the absence of standard-
ization in terms of dosing regimens, total number of doses
given, method of administration (ventricular puncture or
catheter) and adjunctive therapy. In light of the results pre-
sented, it is difficult to fully evaluate the effect of the phar-
macotherapy on the outcome of interest. The time delay
between the ictus and the first dose given was relatively
long, and the treatment duration might have been too short
in some cases. Although the method was not described, no
association was reported between the adverse outcome and
the patients’ baseline parameters and clinical condition. No
cases of clinically significant systemic bleeding tendency
were reported. Also, it appears that r-tPA, when adminis-
tered by ventricular puncture, had an elimination half-life
of approximately 24 h. However, in this phase I study, one

patient re-bled intraventricularly during the treatment pe-
riod, and this episode certainly deserves further evaluation
in the use of these pharmacological agents.

Hudgins and colleagues presented the preliminary data
of their study after enrolling only four patients in the 
treatment group in 1994 [6]. The final report was published
3 years later [7]. In their final publication, they reported a
total of 18 neonates with PHH treated with either a low-
or a high-dose regimen of urokinase. They compared the
results in the treatment group with those in a retrospective
case series of 39 neonates with IVH who had been treated
at the same institution. At baseline, the severity of the hem-
orrhages in the treatment and control groups appeared to
be comparable, since the proportion of grade III and IV in
each group (including the low- and high-dose groups) was
equally distributed. In their results, neonates treated with
urokinase (low dose) were significantly less likely to re-
quire a shunt (37%) than the historical control group would
suggest (92%). This difference could not be statistically
demonstrated for the high-dose group alone or for both
treatment groups together. In addition, the treatment group
as a whole had fewer shunt revisions than the retrospec-
tive control group after 2 years. Comparison of pretreat-
ment and posttreatment ratios of the lateral ventricular
width and hemispheric width as seen on ultrasound re-
vealed differences that were statistically significant for
both treatment groups. In this study, the reporting of mor-
bidity is limited despite an apparent 24-month follow-up.
From a therapeutic standpoint, it is hard to fully understand
the treatment received by the control group. Specifically,
the parameters for serial VAD aspiration were only briefly
stated and the proportion of patients who received aceta-
zolamide and/or underwent lumbar puncture was not 
mentioned for the control group. The low-dose group had
their treatment started earlier after the ictus (4–21, mean
10 days, versus 8–36, mean 16 days) than the high-dose
group. Moreover, the high-dose treatment group was nearly
2 weeks younger and 150 g lighter at birth than the low-
dose treatment group. A multivariate analysis was not per-
formed. It appears, however, that the combination of all
these variables clearly favored the low-dose group and sug-
gests that the differences observed between the two treat-
ment groups may not be valid.

The study by Luciano and colleagues constitutes the
first effort to report a prospective randomized clinical trial
of ventricular clot lysis in neonatal IVH with a fibrinolytic
agent (the study report incorrectly describes it as a “case-
control” trial) [8]. The authors attempted to compare cur-
rent medical/surgical management with a 96-h continuous
infusion of streptokinase. The inclusion criteria were rel-
atively reproducible, but specific definitions of “ventricles
distended by clots” and the “97th centile for postmenstrual
age” are not given. In addition, one cannot ascertain that
groups were comparable in terms of the extent of IVH. In
this study, patient enrollment was discontinued prema-
turely in light of the high shunt placement rate in the strep-
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tokinase group (60%). Although mentioned, it is not clear
whether all subjects in the control group underwent ven-
triculostomy. These workers concluded that the use of fi-
brinolytics for PHH in neonates is not more effective than
conventional treatment, basing this conclusion on their 
outcome of interest (i.e., the proportion of patients who re-
quired shunt placement after therapy). Unfortunately, the
very small sample size renders this conclusion meaning-
less. The authors did not comment on the statistical power
of their study. Utilizing a computerized statistical power
analysis program, we estimate that to have an 80% chance
of demonstrating a 50% reduction in PHH requiring shunt-
ing from the 60% rate of shunting found by the authors
(utilizing Chi-square) a total sample size of 98 patients
would be required. A smaller, but clinically important, dif-
ference would require even more patients. In addition, the
protocol used also suffers from allowing a very long pe-
riod of time before the initiation of therapy following the
diagnosis (possibly up to 24 days). Unfortunately, method-
ological flaws mean that this paper has not added to our
understanding of the problem.

The last report retrieved by our search was a case series
by Hansen and colleagues [4]. In this series, only infants
with rapidly progressing PHH were selected to receive a
3-day continuous infusion of urokinase interrupted by se-
quential ventricular drainage. Originally, it was intended
that 15 patients should be enrolled in that study, which was
designed to evaluate the rate of VP shunt placement while
measuring the CSF fibrinolytic state, ventricle and blood
clot dynamics. Of seven patients enrolled, six received a
complete course of therapy and one subject died from a se-
vere pretreatment fungal infection. The clinical condition
of all six surviving patients mandated VP shunt placement.
The study was interrupted prematurely because no surgi-
cal intervention could be avoided by the treatment proto-
col. As in previous reports, fibrinolytic therapy was started
several days after the ictus (not clearly stated). The base-
line clinical parameters, such as IVH grade, were poorly
described, and it is difficult to compare this study group
with others. Despite the failure to demonstrate any posi-
tive impact on outcome, this publication reported some 
valuable information. No episodes of CSF bleed or infec-
tion were observed. In all patients, the CSF concentration
of D-dimer was increased during treatment. Interestingly,
some patients had a relatively elevated concentration of
plasminogen activator inhibitor-1 (PAI-1) and a decreased
level of tPA (data not reported). On the basis of these ob-
servations, it is hard to draw any conclusion on the effec-
tiveness of the state of fibrinolysis achieved in the CSF of
subjects as stated by the authors. They also could not dem-
onstrate any correlation between the previous parameters
and the clot and ventricular size. Finally, one infant devel-
oped a transient CSF leukocytosis, which could suggest
that a fibrinolytic agent might cause meningeal irritation
in some patients.

Discussion

We identified several small trials of intraventricular ad-
ministration of fibrinolytic agents. A total of 62 neonates
with various degrees of PHH were treated with five differ-
ent study protocols. Overall, the proportion of neonates
treated with fibrinolytic agents who later required a VP
shunt was 50%, but it ranged from 11% to 100%. Because
of many important differences in the study designs, statis-
tical combination of the results (meta-analysis) would be
inappropriate.

Therapeutic window

As in many other medical conditions in which thrombolyt-
ic agents are used (myocardial infarction, ischemic stroke,
pulmonary embolism), it is likely that there is a therapeu-
tic window for the effective administration of intraventric-
ular fibrinolytic therapy in IVH. That therapeutic window
has not yet been identified, and the evidence published thus
far does not allow us to delineate it. It is conceivable that
early administration could result in faster ventricular clear-
ance and decrease the chance of CSF outflow obstruction
and communicating hydrocephalus. All studies enrolled
patients up to several weeks after their ictus. Because of
the limited number of subjects in each time period, it is 
not possible to determine what the upper time limit is. A
single case report suggests that reducing the time interval
between IVH and thrombolytic infusion does not prevent
permanent PHH [9].

Pharmacokinetics

Thrombolytic agents display different pharmacokinetic
and pharmacodynamic properties. For these reasons, it
would be premature to attempt to compare them, although
differences may exist in their efficacy for the treatment of
IVH. Similarly, the method of administration (continuous
or bolus) is likely to influence the clearance of blood clots.
This is certainly true when CSF drainage through lumbar
puncture or ventricular drainage is used to control elevat-
ed intracranial pressure. It is not yet possible to identify
the most promising agent or how it should be adminis-
tered.

Complications

The risk of recurrent hemorrhage during therapy appears
to be low. Two cases were reported among the 62 patients
studied. One case of late recurrent IVH was also reported
(48 h after the last infusion). Four ventricular access de-
vice infections, three catheter removals and one case of
CSF leukocytosis were mentioned. Case reports of secon-
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dary IVH in adults should prompt clinicians to be alert to
this possibility in infants [16].

Mechanism of action

Various authors have proposed different mechanisms by
which patients could be refractory to the endoventricular
fibrinolytic therapy. One suggested that some neonates
may be deficient in plasminogen concentration and activ-
ity [22, 24]. Fibrinolytic activity in the ventricular fluid 
(as measured in most studies) may be different than it is
near the arachnoid villi. Phagocytosis of red cells can play
an important part in blood clot reabsorption [8, 18]. A re-
port by Hansen and colleagues also demonstrated that plas-
minogen activator inhibitor-1 (PAI-1), which is not present
in healthy neonates, was present in neonates with PHH and
that the levels were significantly higher in cases of failure
of fibrinolytic therapy. These observations were valid re-
gardless of the size and severity of the initial hemorrhage
and the fibrinolytic agent used. The authors suggested that
it could be an important factor in explaining failure of fi-
brinolytic therapy seen in their small series [5, 24].

Difficulties in outcome assessment

Most reports available are case series that do not allow a
thorough assessment of efficacy. At best, these case series
provide some information on the safety of the fibrinolyt-
ic agent. However, a total of only 62 treated neonates has
been described in the literature. The statistical power of
the reported studies to answer the question of treatment
efficacy was not commented upon in any of the reports.
Assuming the incidence of VP shunt placement is 60% in
neonates with progressive PHH and that fibrinolytic ther-
apy could decrease the required frequency of shunt place-
ment by 50%, in order to have an 80% chance of demon-
strating that difference at least 49 patients would have to
be treated and the same number followed as a control
group.

An additional difficulty in assessing treatment efficacy
arises from the variation in indications for shunt placement
among neurosurgeons and institutions. There are impor-
tant institutional differences in the timing of shunt place-
ment in relation to rate and extent of ventricular enlarge-
ment, duration of hydrocephalus, CSF protein and cell
count levels and patient weight that are considered neces-
sary to allow shunt placement. They are not clearly spec-
ified in the reports and could make important differences
in the frequency of shunt placement.

While the ultimate outcome of interest is improvement
in cognitive function, there are great difficulties in assess-
ing cognitive function and quality of life in the infant. In
future studies, the developmental, cognitive and psycho-
logical assessment of infants with and without treatment

will be important. However, the difficulty of such evalua-
tions, and the fact that several years will need to pass be-
fore sophisticated testing can be done, means that success-
ful shunt prevention will have to be the primary outcome
assessed.

Conclusion

Many questions remain to be answered:

• Does ventricular fibrinolysis reduce the need for shunt
therapy in PHH?
• Does the treatment affect cognitive outcome?
• Is ventricular fibrinolysis alone sufficient or is subarach-
noid fibrinolysis also required?
• When is the optimal time to begin therapy?
• What is the optimal drug administration protocol?

While there is insufficient evidence to justify any claim
that fibrinolytic therapy is safe and effective, there is also
insufficient evidence to justify discarding this form of
treatment as ineffective or unsafe. Only a cooperative ef-
fort of many neurosurgeons and neonatalogists could pro-
duce sufficient evidence to either prove or disprove the ef-
fectiveness of ventricular fibrinolysis in the treatment of
neonatal IVH.

How could one go about answering these questions? It
would be necessary for a consortium of neonatal treatment
centers to cooperate in a number of studies, sharing eval-
uation, treatment and follow-up methods. The timing and
mode of administration of fibrinolysis could be examined
in dose escalation trials. Short-term outcomes, such as dis-
appearance of clot or clearing of CSF, could be used for
this purpose.

The questions of optimal timing, effect on hydroceph-
alus and cognitive outcome would require a randomized
clinical trial. The number of variables that affect these out-
comes is too high for clearly interpretable results to be pos-
sible with a less rigorous evaluation strategy.

Children eligible for such a study would include those
with grade III and IV IVH suffered before 34 weeks of ges-
tation (for clear distinction from full-term choroid plexus
hemorrhage). Children thought to have less than a 50%
chance of 5-year survival would be excluded. Factors un-
related to IVH but known to be highly predictive of hydro-
cephalus requiring shunting or poor cognitive outcome
should be stratified in the treatment allocation. The prob-
lem of assessing the importance of timing of treatment
could be handled in three ways. An arbitrary choice for 
either early or delayed treatment could be made. This
would minimize sample size, but not control the possibil-
ity that the wrong choice might be made regarding timing
of treatment. Both early and late treatment arms could be
included in the trial. This would double the required sam-
ple size but improve the chances of finding a successful



233

outcome. The third strategy would be to allow the treating
physicians to choose the interval before treatment and then
statistically control for this factor. A preliminary study
would be required to determine whether there is an ade-
quate distribution of times for starting treatment to allow
this factor to be studied. Such a strategy, which has been
successfully employed in the North American Sympto-
matic Carotid Endarterectomy Trial, would allow some
parts of the trial to be terminated before others, as soon as
definitive information had been obtained for a range of
treatment starting times.

There would have to be agreement on the specific treat-
ment protocol, and it would have to be consistently applied
throughout the study.

The assessment of outcome would present the largest
challenge. Reproducible criteria for shunt placement and
revision and their consistent application at all treatment
centers would be necessary. The incidence of shunting in
the first year after treatment would be a primary short-term
study endpoint. There would have to be carefully concei-
ved and consistently applied neuropsychological examina-
tions of the patients at appropriate intervals for a sufficient

time period (5–10 years) to allow small but important cog-
nitive differences to be detected.

The sample size required depends on the details of the
study (how many comparison groups and the actual rate of
hydrocephalus requiring shunting being most important).
Assuming a simple two-group comparison of the rate of
hydrocephalus in the first year after treatment, with a con-
trol group rate of shunting of 60% (approximately that
shown in the studies reviewed), 186 patients would be re-
quired in each group to have an 80% chance of detecting
a clinically significant 15% reduction in the rate of shunt-
ing (from 60% to 45%) utilizing a continuity-corrected
Chi-square test. Assuming some loss to follow-up, if 150
patients remained in each group at 5 years, it would be pos-
sible to detect a 4-point difference in mean IQ between the
groups (power 0.8, assuming a normal distribution of IQ
with a mean of 100 in the treated group and a standard de-
viation of 10 points).

Therefore, it seems that a study of 400–600 patients 
followed for 5–10 years could provide very useful infor-
mation about the short- and long-term effects of fibrino-
lytic therapy in these patients.
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