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ABSTRACT

AIM: To evaluate the effectiveness of intraventricular injection of rt-PA (Actilyse®) in patients with spontaneous intraventricular
hemorrhage (IVH) who had undergone external ventricular drainage (EVD).

MATERIAL and METHODS: This randomized clinical trial recruited 60 patients with spontaneous IVH who had undergone EVD
due to the signs of hydrocephalus. The patients were randomly divided into two groups, including a group receiving intraventricular
injection of rt-PA and the other normal saline.

RESULTS: Both groups receiving rt-PA Actilyse® (n=28) or placebo (n=32) were male by majority (58.33%). We found no difference
in the prevalence of meningitis and brain infection (35.7% vs. 37.5%, p=0.665). Changes in hematoma volume at the end of the
fourth day compared to the first day after EVD differed significantly between the two groups (p=0.004). The majority (64.29%)
showed a decrease in the rt-PA group, but in the placebo group, the majority (53.13%) remained constant. As a result, changes in
the rt-PA group were significantly higher than those in the placebo group.

Improvements in the level of consciousness (GCS) at the end of the fourth day compared to the first day after EVD implantation was
1.07 units in the Actilyse® group and -1.91 in the placebo group. As shown, the fourth day showed significant differences between
the two groups (p<0.001). Improvements in the Glasgow Coma Scale (GCS) were observed at the end of the period.
CONCLUSION: It can be concluded that intraventricular injection of rt-PA (Actilyse®) can effectively reduce the volume of hematoma
and improve the level of consciousness (GCS) during treatment. Intraventricular injection of 2-mg rt-PA is safe for patients and does
not cause any acute complications such as cerebral hematoma expansion.

KEYWORDS: Intraventricular Hemorrhage (IVH), Recombinant Tissue Plasminogen Activator (rt-PA), External Ventricular Drainage
(EVD), Glasgow Coma Scale (GCS)
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B INTRODUCTION

mong distinct types of strokes, intracranial hemorrhage
A-(FIHCH) has the highest mortality rate (17). One of the
ain causes of nerve damage and poor prognosis in
the initial stages of ICH is hematoma expansion (HE), which
occurs in 38% of the patients with ICH in the early hours
after the onset of symptoms (4). Studies have shown that
the presence of intraventricular hemorrhage (IVH) with ICH
is associated with a more severe decrease in the level of
consciousness at the time of hospitalization compared to ICH
without IVH (11). Some studies have also reported a mortality
rate of 50% to 80% in patients with ICH and IVH (21). Patients
with IVH also have higher mortality rates, coma and functional
disabilities (7). Factors such as increased intracranial
pressure (ICP), ischemic encephalopathy, hydrocephalus,
and inflammation in response to the presence of blood in the
ventricles have been reported to increase the risk of mortality
and coma in patients with IVH (16,19,27). Therefore, there is
a need for immediate action to direct the treatment process
towards limiting the size of hematoma (10). The primary goal
of treatment for patients with IVH is to reduce intravascular
blood volume. The current standard for treating IVH with
symptoms of hydrocephalus is external ventricular drainage
(EVD). The benefits of EVD include a reduction in ICP and
cerebrospinal fluid (CSF). However, the use of EVD can cause
ICH, meningitis and ventriculitis, CSF leakage, high possibility
of EVD displacement and the need for surgery (8,14,24). Using
EVD alone to treat IVH is not always appropriate because the
presence of a blood clot in the ventricle often prevents CSF and
EVD catheter drainage (12). In addition, there is a disagreement
among researchers on whether or not IVH improves by EVD
alone (12,21,25). Research has shown that treating IVH
with EVD in combination with thrombolytic medications has
significant benefits for patients with IVH (2,12,16,21,22). The
presence of thrombolytics in the intraventricular space leads
to faster removal of potential clots, decreased ICP, reduced
duration of EVD use, and reduced edema and hydrocephalus
(2,12), which provides acceptable clinical results for patients
with IVH (2,12,22). Bartek et al. reported the use of intrathecal
alteplase for the treatment of IVH effective and safe (1).
Another thrombolytic medication used to treat patients with
IVH is recombinant tissue plasminogen activator (rt-PA).
Vereecken et al. concluded that intraventricular injection of
a thrombolytic agent such as rt-PA appears to be effective
in lysis of intraventricular hematoma and improve the final
clinical outcome (28). Jackson et al. also proposed that
intraventricular rt-PA injection appears safe, especially when
an EVD catheter is inserted into the ventricle simultaneously
(9). The findings of Dharmadhikari et al. also revealed that
the use of rt-PA could lead to the treatment of IVH caused by
arteriovenous malformations (5).

Given the mentioned findings and the need for further clinical
studies to discover the clinical outcomes of administering
rt-PA for IVH, we intended to evaluate the effectiveness of
intraventricular injection of rt-PA (Actilyse®) in patients with
IVH.
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B MATERIAL and METHODS
Study population

In this randomized, double-blind, parallel, clinical trial, 60
consecutive patients with spontaneous IVH (with or without
deep ICH less than 20 mL) (ICD-10-CM 161.5) who had
undergone EVD due to the signs of hydrocephalus observed
in brain CT scan were selected. Both physicians and patients
were blinded in this study.

The standard treatment for hydrocephalus, EVD, was applied.
It should be noted that the current standard treatment for
IVH with signs of hydrocephalus is EVD, whose benefits are
a reduction in ICP and CSFE. All patients had the definitive
diagnosis of spontaneous IVH and deep ICH of less than 20
mL. The exclusion criteria included severe and dangerous
bleeding, severe hypertension, and reduced platelets
count (<100,000/mm?). Furthermore, patients with known
bleeding disorders, patients with evidence of uncontrolled
hypertension (systolic/diastolic blood pressures greater than
180/110 mmHg), patients with evidence of acute pancreatitis,
patients with gastrointestinal ulcer in the past three months,
esophageal varices, arterial aneurysms, venous arterial
malformations, those taking oral anticoagulants such as
sodium warfarin, those with severe and dangerous recent
bleeding, recent delivery, recent non-compressible vascular
puncture in subclavian or jugular veins for example, those
with the evidence of bacterial endocarditis and pericarditis,
those with neoplasms with increased risk of bleeding, patients
with severe liver disease such as liver failure, liver cirrhosis,
increased portal vein pressure (esophageal varices) and active
hepatitis, or those with a history of major surgery or significant
trauma in the past three months were all excluded.

Study Interventions and Assessments

Consents were obtained from both groups of patients or
their relatives before participating in this study. The study
subjects were randomly assigned into two groups using the
block randomization method.The study groups included 32
patients receiving the placebo and 28 patients receiving rt-
PA Actilyse®. Actilyse® 2 mg (2 mL) was administered to the
ventricular space of the experimental group every 12 hours
while the placebo group received 2 ml of normal saline in the
same manner every 12 hours via EVD.

During the intervention, brain CT scans were performed daily
to monitor asymptomatic bleeding and assess clot status.

In addition, the volume of intraventricular hematoma was
assessed in the quadruple ventricles on brain CT scan after
inserting EVD at the beginning of the first day of intervention
compared with brain CT scan at the end of the fourth day of
treatment (Figure 1).

The medication was continued every 12 hours for four days.
In case of severe complications (symptomatic bleeding), the
medication was discontinued immediately. Serum coagulation
factors and infection markers in CSF were monitored daily.
Blood pressure and body temperature were checked every
eight hours during the intervention. GOS >4 was considered
as favorable and GOS <3 as unfavorable at the end of the
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Figure 1: A) CT scan before
inserting EVD. B) CT scan at
¥ the end of the fourth day of
intraventricular rt-PA injection.

Table I: Comparison of Study Groups in Terms of Gender and Age

Study Group
Placebo Group rt-PA Group Total
Number Percent Number Percent Number Percent

Female 16 50.00 9 32.14 25 41.67
Gender Male 16 50.00 19 67.86 35 58.33  0.162*

Total 32 100.00 28 100.00 60 100.00

Less than sixty years 14 43.75 7 25.00 21 35.00

Sixty years and more 18 56.25 21 75.00 39 65.00 0.129*
Age Total 32 100.00 28 100.00 60 100.00

Standard deviation + Average 62.66 + 11.26 65.46 + 11.88 63.97 =+ 11.54 0.352"

(Highest, lowest) (40.0, 86.0) (46.0, 93.0) (40.0, 93.0)
*Chi-square test.

B RESULTS

first month after the onset of hematoma. Other secondary
outcomes including reduced GCS, death, brain hematoma,
ICH, hydrocephalus, ventriculitis, and brain infection were
also monitored daily during hospitalization.

Statistical Analysis

The collected data was coded and then entered into SPSS
version 23.0 software for analysis. The quantitative variables
were presented as mean, standard deviation and median, and
the qualitative variables were summarized using number and
frequency (percentage).

To describe the relationship between qualitative variables in the
two groups, Chi-square and Fisher’s exact tests were applied.
Shapiro-Wilk test was also used to evaluate the normality of
GCS quantitative variables. Shapiro-Wilk test showed that
these variables did not have a normal distribution. Therefore,
Mann-Whitney-U test was applied to compare the quantitative
variables between the two groups and Wilcoxon Marked rank
test was used to compare these scores within each group.
Significance level of all tests was considered p<0.05.

The majority of the participants were male in both groups:
receiving rt-PA Actilyse® (n=28) and placebo (n=32) (58.33%).

There was no statistically significant difference between the
two groups in terms of gender (p=0.162) and the majority of
the participants (65%) were over 60 years old. There was no
statistically significant difference between the two groups in
terms of age (p=0.129). The mean age of the participants was
63.9 years old (range: 40-93 years old) (Table I).

We found no difference in the prevalence of meningitis and
brain infection (35.7% vs. 37.5%, p=0.665), nor was there a
statistically significant difference between the two groups in
terms of the outcome of meningitis and infection following
EVD insertion and treatment (p=0.886) (Table ).

A significant difference was observed between the two groups
in terms of changes in hematoma volume at the end of the
fourth day compared to the first day after EVD (p=0.004). That
is, the majority in the rt-PA group (64.29%) had a decrease in
hematoma volume, while it remained constant in the majority
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Table lI: Comparison of Study Groups in Terms of Underlying Diseases

Study Group
Placebo Group rt-PA Group Total
Number Percent Number Percent Number Percent p*
Does not have 20 62.50 18 64.29 38 63.33
I'\r’]'gztrl‘gg's and brain Has it 12 37.50 10 35.71 22 36.67  0.886
Total 32 100.00 28 100.00 60 100.00
Does not have 7 21.88 8 28.57 15 25.00
;'r'zts‘:uyrgf high blood Has it 25 78.13 20 71.43 45 7500 0550
Total 32 100.00 28 100.00 60 100.00
Does not have 23 71.88 18 64.29 41 68.33
History of diabetes Has it 9 28.13 10 35.71 19 31.67 0.528
Total 32 100.00 28 100.00 60 100.00
Does not have 27 84.38 19 67.86 46 76.67
Previous stroke Has it 5 15.63 9 32.14 14 23.33 0.131
Total 32 100.00 28 100.00 60 100.00
Does not have 24 75.00 24 85.71 48 80.00
History of hyperlipidemia Has it 8 25.00 4 14.29 12 20.00 0.301
Total 32 100.00 28 100.00 60 100.00
Does not have 26 81.25 20 71.43 46 76.67
istory of heart Has it 6 18.75 8 28.57 14 2333 0.370
Total 32 100.00 28 100.00 60 100.00
*Chi-square test.
B DISCUSSION

in the placebo group (53.13%). Therefore, the changes in the
rt-PA group were significantly higher than those in the placebo
group. In terms of average GCS after EVD insertion in both
Actilyse® group and placebo group, it was not significantly
different (p=0.274).

GCS score at the end of the fourth day increased 1.07 units in
the Actilyse® group and -1.91 in the placebo group compared
to the first day after EVD insertion (Figure 2). On the fourth
day, GCS was significantly different between the two groups
(p<0.001), as the majority in the Actilyse® group (64.29%)
witnessed an increase, but the majority in the placebo group
(58.13%) remained constant (Table Ill).

There was no statistically significant difference between the
two groups in terms of GOS outcome and mortality (p>0.05).
The cases of favorable optimal GOS (=4) were higher in the
Actilyse® rt-PA group than those in the placebo group one
month after drug administration (four patients vs. one patient)

(Table 1V).
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One of the main indicators for poorer outcome in patients
with IVH is the volume of intraventricular hematoma;
as revealed in several studies. It appears that applying
minimally invasive approaches to reduce blood volume in
such spaces can significantly improve clinical outcome in
these patients. Several clinical trials and cohort studies have
emonstrated the effectiveness of administering modest doses
of intraventricular thrombolytics to eliminate clots (23,29). As
similarly shown in our study, rt-PA Actilyse® could significantly
reduce intraventricular blood volume as compared to placebo
or EVD alone; however, Actilyse® did not affect in-hospital
mortality rate. The dosage and the timing of the medication
should probably be optimized, or it should be administered
combined with other therapeutic approaches. As well as
reducing the hematoma volume, thrombolytics such as rt-
PA can significantly reduce the size of the clot. According
to a report, treatment with rt-PA can result in a radiologic
reduction in approximately 60% of clot size over four days
of administration, which appears to be closely linked to
lower mortality rates (18). Krel et al. found that transcatheter
intraventricular rt-PA was truly harmless and beneficial as
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Table lll: Comparison of Study Groups in Terms of GCS Improvement

Study Group
Placebo Group  rt-PA Group Total p*
Average 7.78 6.89 7.37
Standard deviation 2.72 1.81 2.36
GCS after EVD Middle 8.00 7.00 7.00 0.274
installation
The first quarter 5.00 5.00 5.00
The third quarter 9.00 8.00 8.00
Average 5.88 7.96 6.85
Standard deviation 2.57 2.47 2.72
GCS End of the Middle 6.00 8.00 7.00 0.001
fourth day
The first quarter 3.50 6.50 5.00
The third quarter 7.00 9.50 8.00
p-value** <0.001 0.005 0.133
Average -1.91 1.07 -.52
The GCS score changes on Standard deviation 2.04 1.72 2.40
the first day compared to Middle -2.00 1.00 .00 <0.001
the fourth day The first quarter -2.00 .00 -2.00
The first quarter -.50 2.50 1.00

*Mann-Whitney U test, **Wilcoxon Marked Rank Test.

Table IV: Comparison of Study Groups Based on Glasgow Outcome Scale (GOS) Status, Mortality Rate and Hematoma Volume Changes
at the end of the Fourth Day Compared to the First Day After EVD Installation

Study Group
Placebo Group rt-PA Group Total
Number Percent Number Percent Number Percent p
Unfavorable 31 96.88 24 85.71 55 91.67
%aosé’)ow Outcome Scale k. oraple 1 3.13 4 14.29 5 833  0.175"
Total 32 100.00 28 100.00 60 100.00
Death 24 75.00 21 75.00 45 75.00
Mortality Live 8 25.00 7 25.00 15 25.00 0.999*
Total 32 100.00 28 100.00 60 100.00
Hematoma volume Decrease 9 28.13 18 64.29 27 45.00
changes at the end of Fixed 17 53.13 10 35.71 27 45.00
the fourth day compared 0.004**
to the first day after EVD Increase 6 18.75 0 .00 6 10.00
implantation Total 32 100.00 28 100.00 60 100.00

*Chi-square test, **Accurate Fisher test.
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an adjuvant in acute spontaneous IVH with rt-PA regimen
providing the greatest benefit two days after EVD insertion
(13).

According to a meta-analysis performed by Shi et al,
intraventricular rt-PA exhibited no significant efficacy on long-
term functional recovery following aneurysmal subarachnoid
hemorrhage with IVH (20).

High doses of rt-PA, on the other hand, may lower the risk of
angiographic vasospasm. In their meta-analysis, Litrico et al.
reported a reduction in mortality rate in the rt-PA group after
30 days (45.5% vs. 62.5%) (2013) (15), which is similar to our
experience.

The clearance of the third and fourth ventricles was achieved
significantly earlier in the rt-PA group (4.25 days) as compared
with the control group (10.67 days).

In our investigation, the two groups did not have statistically
significant differences in the occurrence of complications.
Controversial results have been reported regarding the safety
of different brands of rt-PA. Intraventricular rt-PA appears
to be rather safe and reduce IVH burden, particularly when
all EVD fenestrations are within the ventricle, as proven in
numerous trials (15).

In a study by Jackson et al., IVH hematoma load fell from a
median Le Roux score of ten before rt-PA injection to a score
of four thereafter, with no signs of CNS bacterial infections
(9). Even in some reports, increasing the dose of rt-PA could
reduce IVH score with the maintenance of drug safety.
According to Webb et al., increasing rt-PA dose lowered
IVH score faster across all locations without causing clinical
problems (26). Therefore, it appears that increasing the dose
of the medication within non-toxic ranges can help treat the
disease by significantly reducing the score, removing more
clots and also reducing the volume of blood in the ventricles.
Obviously, in our study, increasing the dose of the medication
could reduce mortality.

We effectively showed that rt-PA could resolve the clot. Its
mechanism of action pertains to the pathophysiology of
coagulation cascade (29).

The key drivers of the response rate to rt-PA treatment have
been examined in a number of studies. According to Webb et
al., rt-PA therapy accelerates the resolution of IVH in a dose-
dependent manner, with the impact being the strongest in the
midline ventricles (26).

Fam et al. discovered that rt-PA had a positive effect on clinical
outcome in the presence of a vascular lesion (6).

Therefore, the next step in evaluating the effectiveness of this
treatment is a comprehensive evaluation of patient-dependent
and drug-dependent factors that can affect the drug response.

A limitation of this study and also other similar studies was
the exclusion of the infants with IVH at birth due to the lack
of access to pediatric hospitals with the facilities for these
patients.
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B CONCLUSION

It can be concluded that intraventricular injection of rt-PA
(Actilyse®) can effectively reduce the volume of hematoma,
and improve the level of consciousness (GCS) during
treatment. Intraventricular injection of 2 mg rt-PA is safe for
patients and does not cause any acute complications such as
cerebral hematoma expansion.

However, it appears that the dose and the duration of this
treatment should be optimized until IVH is completely resolved
in order to reach a higher efficacy on patients’ overall outcome
especially death.
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