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Abstract

Despite improvements in the care of preterm infants, intraventricular hemor-
rhage (IVH) and posthemorrhagic hydrocephalus (PHH) continue to be fre-
quent occurrences in this patient population. Shunt procedures in these chil-
dren are frequently complicated by obstruction and/or infection. As the hydro-
cephalus is usually caused by an obliterative arachnoiditis due to contact of
the blood with the basilar meninges, it was postulated that infusion of uroki-
nase into the ventricles of infants who have sustained an [VH would clear the
blood, mitigate the arachnoiditis, and prevent the progression of PHH.

Accordingly, 18 preterm infants who had sustained IVH and subsequently
developed PHH were treated with intraventricular urokinase instilled via a
surgically implanted subcutaneous reservoir, There were no complications
associated with the urokinase. Infants were divided into two dosage groups:
low dose (110,000-140,000 IU total) and high dose (280,000 IU total). One
infant in the low-dose group died at 1 month of life of respiratory complica-
tions. In the low-dose group, 3 of 8 (37%) infants required shunt placement; in
the high-dose group, all 9 required shunt placement. For the total group, the
shunt rate was 71%. This compares to a historical control group shunt rate of
02%. While the difference between the treatment group as a whole and control
group approaches, but does not reach, statistical significance (p = 0.068), there
was a significant reduction in the shunt rate when the low-dose group was
considered separately (p < 0.002). For those infants that required shunt place-
ment, there were fewer shunt revisions performed in the treatment group than
in the control group during the first 24 months following shunt placement:
0.67 versus 1.5 shunt revisions/shunted child.

Initial experience with intraventricular urokinase following [IVH and PHH
in preterm infants suggests a beneficial effect in reducing the shunt revision
rate in both high- and low-dose groups. Reduction in shunt placement rate is
seen only in the low-dose group.
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Introduction

Intraventricular hemorrhage (IVH) is a common com-
plication of prematurity, occurring in 40-45% of prema-
ture infants weighing <1,500 g [1]. Posthemorrhagic hy-
drocephalus (PHH) develops in 65-100% of infants with
severe IVH, the incidence correlating directly with the
severity of the hemorrhage. Many infants who develop
PHH will require placement of a ventricular shunt. Shunt
placement, while a very common procedure, is not with-
out risks including cerebral injury, intracranial hemor-
rhage, and the risks of anesthesia. Shunt infection is a
dreaded complication that occurs in approximately 5% of
cases [2] and may have a deleterious effect on the child’s
intellectual outcome [3]. Shunt obstruction is an ongoing
problem and may precipitate several additional surgeries
during the life of the child.

The hydrocephalus that follows IVH is caused by an
obliterative arachnoiditis in the posterior fossa where the
blood tends to pool [4]. The arachnoiditis develops over a
period of several days to weeks after the hemorrhage, thus
offering a window of opportunity for treatment. Uroki-
nase is a thrombolytic agent that, when placed in the ven-
tricle of the premature infant following IVH, may clear
the blood. mitigate the development of arachnoiditis, and
prevent the progression of PHH. In addition, as fibrin
debris is usually the obstructing agent following shunt
placement for PHH, urokinase may facilitate the clear-
ance of the fibrin and decrease the incidence of shunt revi-
sion in those infants who do require a shunt following uro-
kinase treatment.

To evaluate safety and efficacy, we have treated 18 pre-
mature infants with intraventricular urokinase following
onset of PHH.

Materials and Methods

The study was approved by the Investigational Review Boards of
both Scottish Rite Children’s Medical Center (SRCMC) and North-
side Hospital (NSH).

Patient Population

From October 1992 to November 1994, 20 infants with IVH and
progressive PHH met the criteria for entry into this study. Two fami-
lies declined treatment with urokinase leaving a study group of 18
infants. Informed, written consent was obtained from the parents in
each case. Study entry criteria consisted of prematurity and cranial
ultrasound documentation of IVH with progressive PHH. As
SRCMC is a referral center for several neonatal intensive care units,
initial treatment varied according to the referring neonatologist’s
preference. Acetazolamide and/or serial lumbar punctures were used
in some, but not all cases. Each infant was assigned a grade based on
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the severity of the hemorrhage: grade 1 — hemorrhage confined to the
germinal matrix; grade 2 — IVH without ventricular distention (ini-
tially); grade 3 — IVH filling and dilating the ventricular system, and
grade 4 — [VH with parenchymal extension [3, 6]. Variables recorded
consisted of gestational age, weight at birth, weight at time of surgery,
IVH grade, day of life the hemorrhage occurred, time from hemor-
rhage to treatment, infection, pretreatment cercbrospinal fluid (CSF)
red blood cell (RBC) count, CSF RBC count at termination of uroki-
nase treatment, pretreatment CSF protein level, and CSF protein lev-
el at termination of urokinase treatment.

Of the 18 treated infants, 11 were male and 7 female (table 1).
The average gestational age was 27 weeks (range 23-33). The mean
birth weight was 998 g (range 580-1,830 g). The mean weight at time
of surgery was 987 g (range 557-1,830 g). Eight infants had a grade 3
and 10 a grade 4 IVH. Most hemorrhages occurred soon after deliv-
ery. The mean time at which the hemorrhage was detected was 5 days
of life (range 1-15). The mean time from hemorrhage to treatment
was 12 days (range 2-35).

Treatment Protocol

Each infant underwent surgical placement of a ventricular access
device (VAD). The treatment period was 7 days during which the
VAD was tapped twice daily and urokinase instilled. In the morning,
approximately 10-15 cm?3/kg of CSF was removed. In the afternoon,
an amount of CSF was removed equal to the volume of urokinase
given. As there were no deleterious effects from the initial low dos-
age, the total amount of urokinase given was increased during the
study to ascertain whether increasing dose would cause increasing
beneficial effect. The first 2 infants received 110,000 units, the third
130,000 units, the next 6 140,000 units and the final 9 280,000 units.
Two treatment groups were compared: the 9 infants who received
280,000 units constituting a *high’~-dose group and the other infanis a
‘low’-dose group. A cranial ultrasound and serum levels of fibrinogen
and fibrin degradation products were obtained every other day dur-
ing the treatment period. CSF was sent daily for determinations of
glucose, protein, cell count and culture.

A ratio of the lateral ventricular width and hemispheric width
(LVW/HW) at the level of the foramen of Monro was obtained from
the coronal images of the pretreatment cranial ultrasound. Normal
mean LVH/HW has been demonstrated to be 0.32 with 95% confi-
dence limits of 0.23-0.42 [7]. This ratio was also obtained posttreat-
ment, either just prior to shunt placement or | month following ter-
mination of treatment if a shunt was not required.

Shunt Criteria

After completion of the urokinase treatment, the infants were fol-
lowed with serial cranial and neurologic examinations and cranial
ultrasounds. When the infant reached a weight of 2 kg a shunt was
placed if there were continued signs of increased intracranial pres-
sure (full fontanel, rapid increase in head circumference) and ultra-
sound evidence of ventriculomegaly.

Historical Control Group

To establish an expected rate of shunt placement without uroki-
nase treatment, the outcomes of all premature infants who sustained
an IVH, developed PHH, and who underwent placement of a VAD
at SRCMC and NSH between 1988 and 1992 were retrospectively
reviewed. Selection criteria for VAD placement and shunt insertion
as well as the amount of CSF removed daily was the same as for the
experimental group. To maintain consistency with the experimental
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Table 1. Experimental population,

descriptive data and outcome Patient Grade  Gestational Birth Timeto LVH/HW Shunt
age, weeks  weight, g treatment
days pre FOS,

Low dose

MS 4 26 1,130 10 0.69 0.36 No
KB 4 26 910 5 0.45 0.50 No
DK 3 32 1,490 11 0.53 0.39 No
CD 3 26 911 7 0.56 0.39 No
HB 4 28 1,130 21 0.55 0.48 Yes
TH 3 33 1,440 4 0.47 0.39 No
RH 3 29 1,270 12 0.57 0.51 Yes
HP 3 28 870 11 0.49 0.38 No
CR 4 23 557 10 0.58 0.49 Died
High dose

BB 4 24 635 36 0.73 0.63 Yes
MK 3 26 880 17 0.61 0.62 Yes
TF 4 26 735 9 0.64 0.50 Yes
DS 4 27 980 14 0.56 0.56 Yes
JE 3 24 640 8 0.56 0.51 Yes
CS 3 32 1.730 19 0.47 0.46 Yes
CS 4 27 580 20 0.50 0.45 Yes
PH 3 26 920 8 0.59 0.53 Yes
NW 4 24 660 15 0.68 0.59 Yes

group, only infants with grade 3 and 4 hemorrhages were included in
the control group: 20 were grade 3, and 19 were grade 4. Average
gestational age was 28.4 weeks (range 23-33). Average birth weight
was 1,086 (range 510-1,800).

Statistical Analysis

Comparisons between any two groups (i.e., shunt required vs. no
shunt required) with categorical data were performed by % analysis.
Comparison between groups of continuous or ranked data were ana-
lyzed by the t-test statistic with Bonferroni correction, which adjusts
o levels for the numerous analyses conducted. Pretreatment to post-
treatment comparisons (i.e., change in mean LVW/HW ultrasound
measurement) were analyzed by the paired t-test statistic with Bon-
ferroni correction. All analyses used a 0.05 probability level for sig-
nificance.

Results

There were no serious deleterious effects related to the
urokinase administration. Specifically, recurrent IVH,
systemic hemorrhage, or allergic reaction did not occur.
One infant developed fever and chills following adminis-
tration of the urokinase. This reaction has been reported
with the intravenous use of urokinase and is not felt to be
allergic in origin [A. Sasahara, Abbott Laboratories, pers.
commun.]. The infant was given diphenhydramine and

Intraventricular Hemorrhage-Urokinase

acetaminophen prior to treatment and the reaction did
not recur, Daily determinations of CSF RBC counts occa-
sionally demonstrated a rise during treatment, but, as cra-
nial ultrasound examination did not demonstrate recur-
rent hemorrhage, this was posited to be caused by mobili-
zation of RBC’s following clot lysis. Serum fibrinogen and
fibrin degradation product levels remained within normal
levels or did not vary from preoperative baseline levels.
One infant (low-dose group) born at 23 weeks’ gestation
died of respiratory distress syndrome 1 month following
completion of urokinase treatment.

Statistical analysis demonstrated no significant differ-
ences in the demographic data when the high- and low-
dose groups were compared. Four infants developed VAD
infections, 22% (Staphylococcus epidermidis 2, Staphylo-
coccus aureus 1, Pseudomonas 1). There was 1 infection in
the low-dose and 3 infections in the high-dose group. All
of the infants with VAD infections required shunt place-
ment.

No statistically significant differences were present be-
tween pre- and posttreatment (t = 0.46, p < 0.65; t =
-0.51, p<0.62) or between low- and high-dose groups for
levels of CSF protein or RBC count at either the initial
(t=-1.19, p< 025 t = -1.13, p < 0.27) or follow-up
(t=-1.52,p<0.15;t=1.11, p<0.28) evaluation.
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For the group as a whole, pretreatment LVH/HW was
0.57 (range 0.45-0.73) and posttreatment LVH/HW was
0.48 (range 0.36-0.63); this difference is significant (t =
—4.04, p < 0.001). When this ratio is calculated for the
low- and high-dose groups, there is a significant difference
between pre- and posttreatment values for the low-dose
(pre 0.54, post 0.42 (t = 3.10, p< 0.018)) and for the high-
dose group (pre 0.59, post 0.54 (t = -3.08, p < 0.011)).
Comparison between the low- and high-dose groups
showed no difference pretreatment (p = 0.21), but the low-
dose group did have a greater reduction posttreatment
than the high-dose group (p = 0.002).

Of the 18 survivors, 12 (71%) required shunt place-
ment. For the low-dose group, 3 of 8 (37%) required shunt
placement and for the high-dose group all 9 required
shunt placement. Within the initial 24 months following
shunt placement, 8 shunt revisions were performed (0.67
revisions per shunted child).

None of the variables listed above, including presence
of infection (¥? = -2.57, p = 0.11) and duration of time
from hemorrhage to treatment (t = 1.19, p > 0.25), were
predictive of treatment success (lack of shunt) with the
exception of membership in the low-dose treatment group
(% =19.00, p<0.003).

Historical Control Group

Three infants (8%) had a shunt infection; all 3 subse-
quently required shunt placement. Three infants died
prior to shunt placement. Thirty-three of the 36 survivors
required shunt placement (92%). Within 2 years of shunt
placement, the shunt revision rate was 1.5 revisions/
patient. Comparison of the shunt placement rate betwen
the historical control and the urokinase treatment group
approaches, but does not reach statistical significance (p<
0.06). When the subgroups were compared with the his-
torical control group, there was a reduction in shunt place-
ment for the low-dose (p < 0.002), but not the high-dose
group. For those infants who required shunt placement,
the shunt revision rate in the initial 24 months following
shunt placement was lower in the treatment group than in
the control group (t = 2.65, p < 0.05). The reduction in
shunt revision rate occurred in both the low- and high-
dose groups.

284 Pediatr Neurosurg 1997;26:281-287

Discussion

Clinical Course of PHH

The incidence of PHH following IVH varies directly
with the severity of the hemorrhage: 55% in grade 3 and
80% in grade 4 [8]. While in many cases the hydrocepha-
lus will either spontaneously resolve or arrest, the re-
ported incidence varies widely in the literature. In the
pediatric and neonatal literature, in which all premature
infants who sustain an IVH are included, the rate of shunt
placement is 20% [8]. In the neurosurgical literature the
rate is considerably higher, 84-87% [9, 10]. The differ-
ence is due to referral bias — the neurosurgeon is typically
involved only after initial treatment measures such as
lumbar puncture or acetazolamide have failed and the
ventriculomegaly is progressive. Thus, it is not unex-
pected that the rate of shunt placement would be high for
those infants who have required a neurosurgical consulta-
tion.

Accordingly, the outcomes of premature infants
treated with urokinase should be compared to a similar
group also referred for neurosurgical treatment but not
treated with urokinase. The historical control group con-
sists of preterm infants with PHH following IVH treated
with placement of a VAD during a 4-year period prior to
beginning this study. The historical comparison group
was similar to the treatment group regarding grade of
[VH, gestational age, and birth weight. The 92% inci-
dence of shunt placement in this group is consistent with
that reported in the literature from other neurosurgical
series concerning the treatment of PHH of prematurity
[10].

Treatment of PHH

The initial management of PHH is usually performed
by neonatologists and usually consists of observation by
serial cranial ultrasounds. If the course of the PHH is pro-
gressive, serial lumbar punctures may be used to control
intracranial pressure and to remove bloody CSF. To be
effective, the hydrocephalus must be communicating and
the taps must be high volume (10-15 cm?¥/kg) [8]. In our
experience, maintaining a high-volume tap over several
days or weeks is not usually technically feasible. Acetazo-
lamide, a carbonic anhydrase inhibitor, may be used but
has the side effect of producing a metabolic acidosis. In
addition, myelin production may be inhibited as its for-
mation uses a carbonic anhydrase [8].

If the neurosurgeon is involved early in the care of
PHH, shunt placement is usually not performed as blood
in the CSF will cause catheter obstruction and the imma-
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ture immune system of the premature infant makes infec-
tion more likely. This has led to shunt revision rates of 4.2
revisions/patient and infection rates of 50% when early
shunting was attempted as a treatment of PHH in the pre-
mature infant [11]. In an attempt to delay shunt place-
ment, other neurosurgical interventions such as serial
ventricular taps and external ventricular drains have been
used, but they have limitations of porencephaly and high
infection rate, respectively. An alternative method is seri-
al tapping of a subgaleal ventricular reservoir or VAD.
Marlin et al. [10] reported a series of premature infants
treated with a VAD with significant improvement in both
the rates of infection and shunt revision. While the prima-
ry purpose of a VAD is to facilitate removal of CSF and
blood products, it can also function as a conduit for the
instillation of intraventricular medications.

Thrombolytic Therapy

Dissolution and clearance of the intraventricular blood
would have several potential beneficial effects. Most im-
portantly, permanent hydrocephalus may be prevented if
rapid clot lysis increases the clearance of fibrin particulate
matter that can plug the arachnoid granulations or if
decreasing the time the blood is in contact with the
meninges lessens the scarring and fibrosis of the basilar
cisterns. In addition, because fibrin debris frequently
obstructs the shunts in those infants who do require shunt
placement, clot lysis and clearance of the fibrin debris
may decrease the incidence of shunt revision.

Among the thrombolytic agents currently in use, most
experience with intraventricular installation has been
with urokinase. Urokinase is an enzyme produced by the
kidney and found in the urine. The commercially avail-
able product, Abbokinase (Abbott Laboratories, North
Chicago, Ill., USA), is obtained from human kidney cells
by tissue culture techniques. Urokinase activates the en-
dogenous fibrinolytic system by converting plasminogen
to plasmin, and plasmin then lyses the fibrin clot. The pri-
mary clinical application of urokinase is the restoration of
patency of intravenous catheters occluded by blood or
fibrin. The most significant adverse reaction to urokinase
is bleeding. Allergic reactions are unusual and rare.

Pang et al. [12-14], in 1986, performed a series of
experiments in a canine model on the dosage, safety and
efficacy of urokinase in the clearance of intraventricular
blood and prevention of progressive PHH. In vitro stud-
ies showed the minimal dose of urokinase necessary to
lyse 10 cm? of clotted blood was 10,000 IU. They then
injected 20,000 1U of urokinase (empirically doubling the
dose to compensate for clearance of the drug by CSF) eve-

Intraventricular Hemorrhage-Urokinase

ry 12 h for 4 days into the ventricles of 6 animals through
an implanted catheter. They found this dose did not cause
intracranial hemorrhage, even though the animals had
recently undergone brain surgery to place the ventricular
catheter. Pathologic examinations of the brains demon-
strated no deleterious effects of the urokinase, specifically
no acute or chronic inflammation of the brain, ependymal
surface or meninges. Autologous, clotted blood was then
injected into the ventricles of the animals to create a mod-
el of IVH and PHH. In control dogs (those not treated
with urokinase), complete lysis of the clot took 38-65
days and 80% developed progressive ventricular enlarge-
ment. The final ventricular volume was up to 14 times the
baseline volume. Pathologic examination demonstrated
basal subarachnoid fibrosis and extensive ependymal
and subependymal damage in the lateral ventricular walls
of the hydrocephalic dogs. Treated animals received
20,000 IU of intraventricular urokinase every 12 h with
the first dose given 6 h after the blood cast preparation.
Treatment continued until clots were no longer detected
in the ventricles on CT. Clot lysis occurred in 3-6 days
with no intracranial or systemic hemorrhages. The neuro-
logic status of the dogs improved, the ventricles decreased
in size, and only 2 animals had persistently large ventri-
cles. Pathologic examination showed minimal damage
and fibrosis, significantly less than control animals. While
this experimental model of IVH is not completely analo-
gous to the germinal matrix hemorrhage in preterm
infants, and the canine fibrinolytic system may differ
from that of humans, these studies certainly raised the
possibility that urokinase might have a beneficial impact
on the prevention of PHH following IVH in the preterm
infant.

Urokinase has been used to treat IVH in the adult pop-
ulation [15, 16]. Efficacy in terms of clot lysis and
improved outcomes were reported with no adverse reac-
tions to the treatment. San Frutos et al. [17] reported the
successful use of urokinase in a 23-day-old infant who was
developing loculations in her ventricles after treatment of
meningitis/ventriculitis. They demonstrated disappear-
ance of the intraventricular strands following treatment.
This raises the intriguing possibility that urokinase may
be able to act directly to prevent or diminish the arach-
noiditis that causes hydrocephalus following IVH.

Streptokinase, another thrombolytic agent, has been
studied by Whitelaw et al. [18]. They treated 9 premature
infants with progressive PHH following [IVH. Treatment
began 8-27 days after birth. The treatment regimen con-
sisted of 20,000-25,000 units of streptokinase/24 h for 2-
3 days instilled into the ventricles via an occipital cathe-
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ter. A lumbar puncture was performed during the strepto-
kinase infusion to help the streptokinase spread from the
ventricles to the subarachnoid space. One infant had ‘mi-
nor’ rebleeding resulting in discontinuation of the treat-
ment but no deleterious effects. Although length of follow-
up is not given, all the infants survived and only 1 has
required a shunt. In comparison to a previously published
multicenter study [19] of tapping versus conservative
management of PHH that reported a shunt rate of 62%,
the authors found their results to be encouraging.

The above are noncontrolled clinical series with rela-
tively small numbers of patients and limited follow-up,
but, in a fashion similar to the experimental studies of
Panget al. [12—14], suggest that intraventricular thrombo-
lytic therapy is safe and effective in preventing hydro-
cephalus after IVH.

Intraventricular Urokinase

Safety. At the doses used in this study, no significant
deleterious events occurred. Cranial ultrasounds, per-
formed every other day during treatment, showed no evi-
dence of rebleeding. No allergic reactions occurred. Pa-
rameters of clot lysis (fibrin degradation products, fibrin-
ogen levels) were assayed every other day during treat-
ment and no changes from baseline levels occurred.

Efficacy. A statistically significant reduction of the
LVW/HW ratio occurred following treatment both for the
group as a whole and for the two dosage groups considered
individually. There was, however, a significantly greater
reduction in the ratio following treatment of the low-dose
as compared to the high-dose group. The beneficial effects
of low-dose urokinase were further demonstrated by a sig-
nificant reduction in the rate of shunt placement for this
group when compared to the historical control group.
This beneficial effect was not demonstrated for the high-
dose group in which all 9 infants required shunt place-
ment. Empirically, we had anticipated outcome would
continue to improve (fewer shunts) as the dose of uroki-
nase was increased. A decremental response was not
expected. While increasing the dose of urokinase may
saturate the reaction that converts plasminogen to plas-
min, excess urokinase should not hinder the reaction [J.
Hankin, Abbott Laboratories. pers. commun.]. The dif-
ference in outcome between the high- and low-dose
groups may simply be a sampling error due to the small
numbers in each group.

A potential benefit of intraventricular urokinase ad-
ministration may be reduction in the shunt revision rate
for those infants requiring shunt placement. The shunt
revision rate was significantly lower in the urokinase

Pediatr Neurosurg 1997:26:281-287

treatment group (both low- and high-dose patients) when
compared to the historical control group even though the
follow-up period was longer for the treatment group. Due
to the intraventricular blood and fibrin as well as the pres-
ence of adhesions and scarring within the ventricles,
shunt revisions are common in this patient population.
Urokinase may speed clot dissolution, prevent the forma-
tion of fibrin adhesions and thus reduce the shunt mal-
function rate.

Predictive Variables

Other than membership in the low-dose group, no fac-
tors predictive of success or failure of treatment were
identified. This also may be a reflection of the small num-
bers in this series. There are several factors that, even
though not found to influence outcome in this study,
might eventually prove to have an impact on whether
treatment is successful, inlcuding time from hemorrhage
to treatment, severity of hemorrhage, and occurrence of
infection.

Experience generated by studies using urokinase to
treat pulmonary emboli has demonstrated that thrombi
older than 5-7 days are resistant to lysis [14]. While intra-
ventricular clot lysis may vary considerably from intra-
vascular clot lysis, it does seem likely that early interven-
tion will be more effective. However, as many infants will
resolve the IVH without PHH, treatment with urokinase
should be delayed until ventricular enlargement is
present. This may prove to be a major obstacle to success-
ful treatment of PHH with urokinase because, as dis-
cussed above, ventricular enlargement commonly does
not occur until 1-3 weeks following the hemorrhage.
Thus, by the time treatment is instituted, the clot may no
longer be susceptible to lysis by the medication.

It seems intuitive that increasing volumes of blood
within the ventricles would require increasing amounts of
urokinase to effect lysis and clearance. However, lack of
knowledge concerning intraventricular urokinase phar-
macokinetics makes this uncertain. While Pang et al. [12]
have demonstrated that in vitro the amount of urokinase
necessary to lyse a specific amount of blood can be deter-
mined, in vivo determination of optimal dose is difficult
because of clearance of the drug by CSF flow, abnormal
CSF flow that may prevent the urokinase from reaching
all the surface area of the clot, and the presence of plas-
minogen activator inhibitors [20]. Our findings of better
response at lower doses underlines this uncertainty, sug-
gesting the lack of a predictable linear dose response.

While it did not reach statistical significance as a pre-
dictive variable, every infant whose course was compli-
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cated by a VAD infection required shunt placement. The
inflammatory response within the ventricles caused by
infection is likely to increase the incidence of permanent
hydrocephalus. The relatively higher incidence of infec-
tion within the high-dose group may have contributed to
the higher rate of shunt placement in this group. The
infection rate in the treatment group is higher than in the
historical control group, possibly related to the twice-daily
tap schedule (during the 7-day treatment period) in the
treatment group versus once a day for the contrast group.
The inevitable occurrence of infection and resultant mor-
bidity should be factored into the risk of this treatment
regimen.

Conclusion

While the initial results with a higher dose urokinase
have been disappointing, there appears to be benefit with
10,000 units. In addition, for those infants requiring
shunts, both treatment groups demonstrated fewer shunt
revisions than the historical contrast group. The use of
intraventricular urokinase, in the doses used in this study,
has not been associated with rehemorrhage or allergic
reactions.

T L T T T T T T L
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