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Introduction
Spontaneous intraventricular hemorrhage (IVH) occurs most 

frequently in line with aneurysmal rupture and arterial hypertension. 
Less frequently IVH is associated with ruptured arteriovenous 
malformations (AVM) and tumors [1,2]. In absence of any treatment 
IVH is known to be a high grade and independent risk factor for 
morbidity and mortality above 80% [3]. 

A meta-analysis by Gaberel et al. has shown that involvement 
of the ventricles in cases of spontaneous intracerebral hemorrhage 
(ICH) has a significant higher impact on poor outcome compared 
to parenchymal ICH alone with mortality rates of 51.2% and 19.5% 
respectively [1,4,5]. 

Pathophysiological constellations like obstructive hydrocephalus, 
mass effect, toxicity of blood-breaking products and development of 
chronic hydrocephalus accompanied with IVH are well known and 
extensively described [4,6]. 

IVH is usually treated by an external ventricular drainage (EVD) 
to flush out the blood and to control intracranial pressure (ICP). With 
regard to the hypothesis that accelerated clot resolution might have a 
positive effect and improve the outcome in affected patients, several 
studies dealt with the intraventricular application of recombinant 
tissue-type plasminogen activator (rtPA) [7-10]. These studies 
conclude that the use of rt-PA for intraventricular clot lysis has an 
acceptable safety profile, increases lysis rates and might improve the 
outcome. 

The aim of the presented study is to demonstrate and discuss our 
results and experiences of intraventricular clot lysis with rt-PA with 
the special focus on the association of the degree of intraventricular 
clot clearance with good outcome.

Material and Methods
Patients with spontaneous, non-traumatic IVH (n=80) and those 

with associated small intracerebral hemorrhage <35 cm3 (ICH), which 
were treated in our department during 2008-2012 were included in 
this study. The cut-off size of 35 cm3 was chosen in view of a parallel 
study of treatment of basal ganglia hemorrhage with rt-PA.

Diagnosis was made by CT scanning within 24 hours after onset. 
A rigid external ventricular drainage (EVD) was implanted via 
frontal burr hole at the dominant side of the hemorrhage. Cranial CT 
scanning documented the correct position of EVD. All patients were 
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treated in the neurosurgical ICU with continuous measurement of the 
arterial blood pressure (systolic limit value: 150 mmHg), pulse rate, 
oxygen saturation, and continuous recording of electrocardiogram. 
The neurological condition in the continuing course was assessed by 
the physician at the ICU closely. Mechanical ventilation was obtained 
in cases with respiratory insufficiency. 

According to earlier dose finding examinations at our institution 
and based on the published data on this topic with recommendation of 
low dose application of rt-PA, 3 mg rt-PA was injected (bolus injection) 
each day over the EVD for three consecutive days by using the three-
way stopcock which is connected to the EVD system. After injection, 
EVD was closed for 2 hours and was re-opened. Hemorrhage size 
was monitored by daily CT scanning. Classification of IVH size was 
done using the IVH scoring system developed by Hijdra et al. for each 
ventricle: 0, no blood; 1, small amount of blood; 2, moderately filled 
with blood; or 3, completely filled with blood. Maximal score: 12 [11].

The total amount of hemorrhage reduction after third injection 
is given in percentage. Four subgroups have been created: volume 
reduction <25%, 25-50%, 51-75% and >75%. For statistical analysis we 
made a cut off value of 50%. The size of associated ICH was calculated 
using the ABCs of measuring method [12]. 

The clinical condition of the patients at time of admission and 
discharge was classified using the Glasgow coma scale (GCS) and 
Glasgow outcome scale (GOS). For simplify the overview and for 
further analysis the clinical condition of the patients were divided 
into three sub-groups: poor: GCS ≤ 8; intermediate: GCS 9-12 and 
good: GCS ≥ 13. The GOS grades were summarized into two groups 
with poor outcome (GOS 1-3) and good outcome (GOS 4 and 5).

Furthermore, according to our previous studies, we made a cut off 
age of 70 years for statistical analysis [13]. Statistical analysis was done 
using the Fisher’s exact test and Chi-square with Yates’ correction. 
The p-value was calculated with two tails. Statistical significance was 
estimated as p-value <0.05.

Results
In total we analyzed the data of 80 patients (45 male, 35 female; 

male to female ratio: 1.3:1). The contribution of the patients to the age 
groups showed a predominance for the age group >70 years (Figure 1). 
Six patients were in a good clinical condition at time of onset (GCS ≥ 
13, 7.5%), 25 patients belonged to the intermediate group (GCS 9-12, 
31.3%) and 49 patients had a poor clinical condition (GCS ≤ 8,61.3%). 
The total mortality rate was 22.5% (n=18).

Fourteen patients (17.5%) received antithrombotic treatment 
with acetylsalicylic acid (ASA) and 17 patients (21.3%) with 

phenprocoumon. The Hijdra score of IVH at time of onset in patients 
with ASA and phenprocoumon was 7.6 and 7.12 respectively. In 
patients without antithrombotic treatment the Hijdra score was 8.78. 
The Hijdra score after third injection of rt-PA in patients with ASA 
and phenprocoumon was 2.17 and 2.61 respectively. The score in 
patients without antithrombotic treatment was 2.67.

Considering complications, infection associated to EVD like 
local wound infection or meningitis and to the stay at the ICU like 
pneumonia or infection of the urinary tract occurred in n=12 patients 
(15%). Re-bleeding occurred in 4 cases (5%), chronic hydrocephalus 
with necessity of permanent shunting in 17 patients (21.3%).

The total volume reduction percentage of all patients after third 
injection was 68.64%. GCS-Subgroup-divided the mean percentage 
was 67.2% in the poor GCS group, 72.5% in the intermediate group 
and 63.4% with good GCS (Table 1). 

The total mean Hijdra score at time of admission and after 3rd 
injection was 8.2.and 2.5 respectively. Division of the Hijdra score in 
the poor GCS group was 8.4/2.7, in the intermediate group 7.8/2 and 
in the good GCS group 8.6/2.8. 

Forty-nine patients presented with associated small ICH. Mean 
ICH volume was 11.7 cm3. 

The total mortality was estimated with 22.53% (n=18). The 
outcome distribution was as follows: GOS 2: n=7 (8.8%), GOS 3: n=28 
(35%), GOS 4: n=14 (17.5%), GOS 5: n=13 (16.3%). 

Different factors (age, gender, GCS, antithrombotic therapy, 
complications, bleeding source and degree of clot lysis) were assessed 
in univariable analysis for associations with good outcome (GOS 4 & 
5). The results are displayed in table 2. 

Discussion
Since it is proven that untreated IVH has a significant higher 

rate of morbidity and mortality and by considering the hypothesis 
that early removal of ICH has a positive effect on the brain recovery 
due to the reduction of intracranial pressure and edema, as well as 
improvement of the brain perfusion and decrease of the toxicity of 
blood breaking products [14-18], it is assumed that intraventricular 
clot lysis might have a similar effect. Several studies have focused on 
this topic [19-22]. The CLEAR IVH trial randomized 48 patients with 
IVH for rt-PA or placebo application and came to the conclusion that 
has an acceptable safety profile compared to placebo and can reduce 
ventricular blood clots effectively and can control ICP in the affected 
patient group [7]. Other studies concluded that application of rt-PA 
speed up the clearance of IVH compared to EVD alone and improved 
outcome [8-10].

According to this, the results of our study show that the 
application of rt-PA has the potential to reduce intraventricular 
blood clots within a short time period sufficiently (Figures 2-4). The 
mean volume reduction was estimated with 68.64% after three days. 
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Figure 1: Age distribution.

Volume reduction in relation to the GCS group
Volume/GCS Poor GCS 

(n=49)
Intermediate GCS 

(n=25)
Good GCS 

(n=6)
<25% 1 (2%) 0 0
<50% 7 (14.3%) 6 (24%) 1 (16.7%)
<75% 23 (44.9%) 7 (28%) 4 (66.7%)
>75% 18 (36.7%) 13 (52%) 1 (16.7%)
Mean volume reduction 67.2% 72.5% 63.4%

Table 1: Volume reduction in relation to the GCS groups.
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However, Webb and co-workers postulate that clearance of IVH with 
rt-PA and its success is dose-dependent which has the most impact in 
the midline ventricles [23].

From the analyzed parameters, only age >70 years and poor GCS 
grade at time of admission (GCS ≤ 8) were statistically highly significant 
factors for poor outcome. Gender, postoperative infection, necessity 
of shunting and the source of hemorrhage, whether aneurysmal or 
hypertensive, were statistically not significant parameters for poor 

outcome. Other studies postulate that clot lysis with rt-PA may have 
a benefit for younger patients or those in poor clinical conditions [8].

The total mortality in our study was 22.5% and is in the range to the 
CLEAR IVH trial with 19% [9]. Feared re-bleeding due to application 
of rt-PA occurred in 4 cases (5%) and led to a high mortality rate of 
75% in our series and is in a range of other studies on this topic [7,8]. 
Although the total incidence is low, the high morbidity and mortality 
rate due to re-bleeding should be taken into account. 

The level of intraventricular clot lysis itself did not have a 
statistically significant influence on outcome. A significant association 
with GOS 4-5 by a high rate of clot lysis could not been demonstrated. 
Furthermore, a high IVH score at time of admission did not 
correlate with the severity of the clinical condition at time of onset. 
We observed nearly the same IVH score in the poor, intermediate 
and good GCS groups. Interestingly, the IVH score at time of onset 
was lower in patients with antithrombotic treatment. However, the 
success of intraventricular clot lysis was most sufficient in the patient 
group with ASA medication, which appears consequential due to the 
impaired blood clotting by this drug. 

Considering the question, if intraventricular clot lysis prevent 
delayed post hemorrhagic hydrocephalus, Jaffe and co-workers 
postulate that this treatment method has no effect on this issue [9]. 
However, rt-PA lysis might play an important role in prevention of 
acute occlusive hydrocephalus. Through our analysis and results 
we are not able to bring any clarification on this issue, so that this 
question requires separate consideration. 

Despite rapid clearance of blood clots from the ventricles with 
rt-PA, IVH remains a devastating disease with high morbidity and 
mortality rates. However, application of rt-PA seems to have a benefit 
compared to EVD alone by reviewing the literature on this topic and 
historical controls. Hence its application seems reasonable in cases 
with severe IVH to control at least ICP. 

Nevertheless, it is important to take different factors like clinical 
condition, age and the bleeding source into account when performing 
rt-PA lysis to provide an adequate prognosis assessment. Further large 
multi-centre series with homogeneous patient groups concerning size 
of hemorrhage, clinical condition, bleeding source etc. are needed 
to prove the efficacy of intraventricular clot lysis adequately. Maybe 
the ongoing CLEAR IVH phase III trial is able to answer the open 
questions. 

Conclusion
Intraventricular application of rt-PA as a minimal invasive 

treatment modality seems to be suitable for clearance of the blood clots 
from the ventricles. Despite our mainly good and successful volume 
reduction, clot lysis alone did not influence the outcome positively. 
Its usage should be considered in view of different predictive factors. 

Statistical analysis
 Poor (n) Good (n) p-value

Age
<70y 24 22

0.047*
>70y* 26 8
Gender
Male 31 14

0.472
Female 22 13
GCS
≤ 8* 39 10

0.003*
<8 14 17
Antithrombotic therapy
Phen 13 4 0.325
ASA 10 4 0.603
Complication
Infection 8 4 0.854
Re-bleeding 4 0 0.357
Shunt 12 5 0.837
Bleeding source
Aneurysm 16 7

0.890
HTN 37 20
Clot lysis
<50% 10 5

0.969
>50% 43 22

Table 2: Statistical analysis, Bold text: statistically significant, Poor: GOS 1-3, 
Good: GOS 4 and 5, Phen: phenprocoumon, ASA: Acetylsalicylic acid, HTN: 
Hypertension.

 
Figure 2: Illustrated case 1, A: First CT scan after onset, B: CT scan after first 
rt-PA application, C: CT scan after third rt-PA application.

 

Figure 3: Illustrated case 2, A: First CT scan after onset, B: CT scan after first 
rt-PA application, C: CT scan after third rt-PA application.

 

Figure 4: Illustrated case 3, A: First CT scan after onset, B: CT scan after first 
rt-PA application, C: CT scan with bi-frontal EVDs and second rt-PA application, 
D: CT scan after third rt-PA application.
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Large Prospective and randomized trials are necessary to answer the 
open questions.

Conflict of Interest Disclosure 
We declare that we have no conflict of interest.

References

1.	 Gaberel T, Magheru C, Parienti JJ, Huttner HB, Vivien D, et al. (2011) 
Intraventricular fibrinolysis versus external ventricular drainage alone in 
intraventricular hemorrhage: a meta-analysis. Stroke 42: 2776-2781.

2.	 Graeb DA, Robertson WD, Lapointe JS, Nugent RA, Harrison PB (1982) 
Computed tomographic diagnosis of intraventricular hemorrhage. Etiology 
and prognosis. Radiology 143: 91-96.

3.	 Nieuwkamp DJ, de Gans K, Rinkel GJ, Algra A (2000) Treatment and 
outcome of severe intraventricular extension in patients with subarachnoid 
or intracerebral hemorrhage: a systematic review of the literature. J Neurol 
247: 117-121.

4.	 Gaberel T, Magheru C, Emery E (2012) Management of non-traumatic 
intraventricular hemorrhage. Neurosurg Rev. 35: 485-494. 

5.	 Tuhrim S, Horowitz DR, Sacher M, Godbold JH (1999) Volume of ventricular 
blood is an important determinant of outcome in supratentorial intracerebral 
hemorrhage. Crit Care Med 27: 617-621.

6.	 Dey M, Jaffe J, Stadnik A, Awad IA (2012) External ventricular drainage for 
intraventricular hemorrhage. Curr Neurol Neurosci Rep 12: 24-33.

7.	 Naff N, Williams MA, Keyl PM, Tuhrim S, Bullock MR, et al. (2011) Low-dose 
recombinant tissue-type plasminogen activator enhances clot resolution in 
brain hemorrhage: the intraventricular hemorrhage thrombolysis trial. Stroke 
42: 3009-3016. 

8.	 Findlay JM, Jacka MJ (2004) Cohort study of intraventricular thrombolysis 
with recombinant tissue plasminogen activator for aneurysmal 
intraventricular hemorrhage. Neurosurgery 55: 532-537.

9.	 Jaffe J, Melnychuk E, Muschelli J, Ziai W, Morgan T, et al. (2012) Ventricular 
catheter location and the clearance of intraventricular hemorrhage. 
Neurosurgery 70: 1258-1263.

10.	 Morgan T, Awad I, Keyl P, Lane K, Hanley D (2008) Preliminary report of the 
clot lysis evaluating accelerated resolution of intraventricular hemorrhage 
(CLEAR-IVH) clinical trial. Acta Neurochir Suppl 105: 217-220.

11.	 Hijdra A, Brouwers PJ, Vermeulen M, van Gijn J (1990) Grading the amount 
of blood on computed tomograms after subarachnoid hemorrhage. Stroke 
21: 1156-1161.

12.	 Kothari RU, Brott T, Broderick JP, Barsan WG, Sauerbeck LR, et al. (1996) 
The ABCs of measuring intracerebral hemorrhage volumes. Stroke 27: 
1304-1305.

13.	 Maslehaty H, Petridis AK, Barth H, Doukas A, Mehdorn HM (2012) Treatment 
of 817 patients with spontaneous supratentorial intracerebral hemorrhage: 
characteristics, predictive factors and outcome. Clinics and Practice 2: e56. 

14.	 Broderick JP, Brott TG, Duldner JE, Tomsick T, Huster G (1993) Volume of 
intracerebral hemorrhage. A powerful and easy-to-use predictor of 30-day 
mortality. Stroke 24: 987-993.

15.	 Miller DW, Barnett GH, Kormos DW, Steiner CP (1993) Stereotactically 
guided thrombolysis of deep cerebral hemorrhage: preliminary results. 
Cleve Clin J Med 60: 321-324.

16.	 Teernstra OP, Evers SM, Lodder J, Leffers P, Franke CL, et al. (2003) 
Stereotactic treatment of intracerebral hematoma by means of a 
plasminogen activator: a multicenter randomized controlled trial (SICHPA). 
Stroke 34: 968-974.

17.	 Vespa P, McArthur D, Miller C, O’Phelan K, Frazee J, et al. (2005) Frameless 
stereotactic aspiration and thrombolysis of deep intracerebral hemorrhage 
is associated with reduction of hemorrhage volume and neurological 
improvement. Neurocrit Care 2: 274-281. 

18.	 Wagner KR, Xi GH, Hua Y, Zuccarello M, de Courten-Myers GM, et al. 
(1999) Ultra-early clot aspiration after lysis with tissue plasminogen activator 
in a porcine model of intracerebral hemorrhage: edema reduction and blood-
brain barrier protection. J Neurosurg 90 : 491-498. 

19.	 Coplin WM, Vinas FC, Agris JM, Buciuc R, Michaele DB, et al. (1998) A 
cohort study of the safety and feasibility of intraventricular urokinase for 
nonaneurysmal spontaneous intraventricular hemorrhage. Stroke 29: 1573-
1579. 

20.	 Goh KY, Poon WS (1998) Recombinant tissue plasminogen activator for the 
treatment of spontaneous adult intraventricular hemorrhage. Surg Neurol. 
50: 526-531. 

21.	 Mayfrank L, Lippitz B, Groth M, Bertalanffy H, Gilsbach JM (1993) Effect 
of recombinant tissue plasminogen activator on clot lysis and ventricular 
dilatation in the treatment of severe intraventricular haemorrhage. Acta 
Neurochir (Wien) 122: 32-38. 

22.	 Rohde V, Schaller C, Hassler WE (1995) Intraventricular recombinant tissue 
plasminogen activator for lysis of intraventricular haemorrhage. J Neurol 
Neurosurg Psychiatry 58: 447-451.

23.	 Weebb AJ, Ullman NL, Mann S, Muschelli J, Awad IA, et al. (2012) 
Resolution of intraventricular hemorrhage varies by ventricular region and 
dose of intraventricular thrombolytic: the Clot Lysis: Evaluating Accelerated 
Resolution of IVH (CLEAR IVH) program. Stroke 43: 1666-1668.

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User friendly/feasible website-translation of your paper to 50 world’s leading languages
•	 Audio Version of published paper
•	 Digital articles to share and explore

Special features:

•	 250 Open Access Journals
•	 20,000 editorial team
•	 21 days rapid review process
•	 Quality and quick editorial, review and publication processing
•	 Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
•	 Sharing Option: Social Networking Enabled
•	 Authors, Reviewers and Editors rewarded with online Scientific Credits
•	 Better discount for your subsequent articles

Submit your manuscript at: http://scholarscentral.com/

Citation: Maslehaty H, Ntoulias G, Petridis AK, Bitter A, Niklewski F, et al. (2013) Treatment 
of Intraventricular Hemorrhage (IVH) by Injection of Recombinant Tissue-type Plasminogen 
Activator (rtPA)–Single Institution Experiences with 80 Patients. J Neurol Disord 1: 113. 
doi:10.4172/jnd.1000113

http://dx.doi.org/10.4172/jnd.1000113
http://dx.doi.org/10.4172/jnd.1000113
http://dx.doi.org/10.4172/jnd.1000113
http://www.ncbi.nlm.nih.gov/pubmed/21817146
http://www.ncbi.nlm.nih.gov/pubmed/6977795
http://www.ncbi.nlm.nih.gov/pubmed/10751114
http://www.ncbi.nlm.nih.gov/pubmed/22732889
http://www.ncbi.nlm.nih.gov/pubmed/10199544
http://www.ncbi.nlm.nih.gov/pubmed/22002766
http://www.ncbi.nlm.nih.gov/pubmed/21868730
http://www.ncbi.nlm.nih.gov/pubmed/15335420
http://www.ncbi.nlm.nih.gov/pubmed/22067423
http://www.ncbi.nlm.nih.gov/pubmed/19066112
http://www.ncbi.nlm.nih.gov/pubmed/2389295
http://www.ncbi.nlm.nih.gov/pubmed/8711791
http://www.clinicsandpractice.org/index.php/cp/article/view/cp.2012.e56
http://www.ncbi.nlm.nih.gov/pubmed/8322400
http://www.ncbi.nlm.nih.gov/pubmed/8339456
http://www.ncbi.nlm.nih.gov/pubmed/12649510
http://www.ncbi.nlm.nih.gov/pubmed/16159075
http://www.ncbi.nlm.nih.gov/pubmed/10067918
http://www.ncbi.nlm.nih.gov/pubmed/9707195
http://www.ncbi.nlm.nih.gov/pubmed/9870812
http://www.ncbi.nlm.nih.gov/pubmed/8333306
http://www.ncbi.nlm.nih.gov/pubmed/7738552
http://www.ncbi.nlm.nih.gov/pubmed/22474059

	Title

	Abstract
	Corresponding author
	Keywords

	Introduction
	Material and Methods
	Results
	Discussion
	Conclusion
	Conflict of Interest Disclosure
	Table 1

	Table 2

	Figure 1

	Figure 2

	Figure 3

	Figure 4

	References

