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treatment with either tPA or urokinase (n = 74) or (3) com-
bined IV + IA treatment with either tPA or urokinase (n = 35). 
 Results:  44 (6.8%) patients developed sICH. sICH patients 
had significantly higher scores on the National Institutes of 
Health Stroke Scale (NIHSS) at admission and pretreatment 
DWI lesions. The sICH risk was 5.2% (n = 28) in IV thromboly-
sis, which is significantly lower than in IA (12.5%, n = 9) or IV 
+ IA thrombolysis (20%, n = 7). In a binary logistic regression 
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 Abstract 

  Background:  In intra-arterial (IA) thrombolysis trials, higher 
rates of symptomatic intracerebral haemorrhage (sICH) were 
found than in trials with intravenous (IV) recombinant tissue 
plasminogen activator (tPA); this observation could have 
been due to the inclusion of more severely affected patients 
in IA thrombolysis trials. In the present study, we investigat-
ed the rate of sICH in IA and combined IV + IA thrombolysis 
versus IV thrombolysis after adjusting for differences in clin-
ical and MRI parameters.  Methods:  In this multicenter study, 
we systematically analyzed data from 645 patients with an-
terior-circulation strokes treated with either IV or IA throm-
bolysis within 6 h following symptom onset. Thrombolytic 
regimens included (1) IV tPA treatment (n = 536) and (2) IA 
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analysis including age, NIHSS score, time to thrombolysis, 
initial diffusion weighted imaging lesion size, mode of 
thrombolytic treatment and thrombolytic agent, the mode 
of thrombolytic treatment remained an independent pre-
dictor for sICH. The odds ratio for IA or IV + IA versus IV treat-
ment was 3.466 (1.19–10.01, 95% CI, p  !  0.05).  Conclusion:  In 
this series, IA and IV + IA thrombolysis is associated with an 
increased sICH risk as compared to IV thrombolysis, and this 
risk is independent of differences in baseline parameters 
such as age, initial NIHSS score or pretreatment lesion size. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Intravenous (IV) thrombolysis with recombinant tis-
sue plasminogen activator (tPA) has been proven safe and 
effective for the treatment of acute ischemic stroke  [1] . 
Nevertheless, in many patients recanalization of the oc-
cluded artery is not achieved despite treatment, particu-
larly in patients with proximal occlusions  [1–3] . Intra-ar-
terial (IA) thrombolysis, on the other hand, or a combi-
nation of IV and IA (IV + IA) thrombolysis (‘bridging 
therapy’) has the potential to achieve substantially higher 
rates of recanalization  [4] , and several studies have prov-
en its feasibility in acute stroke  [4–6] . Furthermore, IA 
thrombolysis offers several other potential advantages 
such as direct vessel monitoring, and the possibility of 
additional mechanical clot manipulation. The drawback 
of longer time-to-treatment intervals by IA thrombolysis 
may be resolved by initiation of immediate IV throm-
bolysis followed by IA treatment. A recent observational 
study in selected stroke patients (hyperdense media sign 
on CT) comparing IV and IA thrombolysis found an im-
proved outcome after 3 months in patients undergoing 
IA thrombolysis while mortality was similar in both 
treatment groups  [7] .

  However, both treatment strategies share the risk of 
potentially life-threatening symptomatic intracerebral 
hemorrhage (sICH). Robust data on sICH rates in IV 
thrombolysis are available from several large randomized 
trials  [8]  as well as from observational stroke registries 
 [19]  indicating that the sICH risk in IV thrombolysis 
ranges between 2 and 8% (depending on the definition of 
sICH). However, data on sICH rates in IA or IV + IA 
thrombolysis are limited to relatively small studies. In the 
largest controlled IA thrombolysis study  [4] , sICH oc-
curred in 10% of 108 patients; smaller studies on com-
bined IV + IA thrombolysis reported sICH rates of 6.3, 
9.9 and 11.8%, respectively  [5, 6, 9] . Other observational 

studies on IA or combined IV + IA thrombolysis in clin-
ical routine reported sICH rates of up to 17.9%  [10] .

  The reason for the apparently higher rate of sICH in 
IA or IV + IA thrombolysis trials is not entirely clear, but 
it could to be due to the higher proportion of severely af-
fected patients in IA thrombolysis studies. It is also pos-
sible that IA thrombolysis itself is associated with an in-
creased sICH risk, possibly due to the relatively high con-
centration of thrombolytic agent at the site of application. 
Finally, differences in sICH definitions have likely con-
tributed to the variability of sICH rates among studies.

  The aim of this large multicenter analysis was to com-
pare sICH rates in a large cohort of patients treated with 
IV and IA or combined IV + IA thrombolysis  using a 
uniform sICH definition. To determine the independent 
association between route of tPA administration and 
sICH risk, a multivariate analysis was performed to ad-
just for imbalances in baseline variables.

  Patients and Methods 

 Patients 
 This retrospective multicenter analysis was performed based 

on systematically and prospectively collected data provided by 10 
well-established academic stroke centers (Barcelona, Frankfurt, 
Hamburg, Jena, Los Angeles, Calif., Lyon, Mannheim, Paris, 
Stanford, Calif., for the DEFUSE investigators  [24] , and Seoul). 
The study was conducted as an initiative of the MR Stroke Study 
group, which is an international group of stroke physicians who 
meet regularly with the aim to coordinate and standardize MRI 
research in acute stroke. Each of the centers participating in the 
current study uses standardized MRI protocols for acute stroke 
patients, approved by all local ethics committees. Clinical and 
imaging data of the majority of patients included in the present 
analysis have been published before by the MR Stroke Study 
Group  [11–13] .

  Patients were included in the current analysis, if (1) they pre-
sented with anterior circulation stroke, (2) thrombolytic therapy 
was administered within 6 h of symptom onset, and (3) an MRI 
including diffusion-weighted imaging (DWI) was performed be-
fore initiation of treatment. For the primary analysis, symptom-
atic ICH was defined, as in the NINDS trial (with only minimal 
modifications), as CT- (or MRI-) documented hemorrhage occur-
ring within 36 h of treatment onset and was temporally related to 
deterioration in the patient’s clinical condition in the clinician’s 
judgment, associated with a worsening of at least 1 point on the 
National Institutes of Health Stroke Scale (NIHSS)  [1] . CT and 
MRI scans of sICH patients were read centrally for hemorrhage 
classification according to ECASS criteria  [14] . Additionally, ICH 
volume was estimated using the ABC/2 formula  [15] . The follow-
ing clinical variables associated with sICH were obtained for each 
patient: age, NIHSS score on admission and time between symp-
tom onset and first-line thrombolytic treatment (categorized  ! 3, 
3–6 h). Furthermore, the NIHSS score at the time of clinical de-
terioration or on routine follow-up (days 2–7) was obtained. An 
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NIHSS score of 42 points was assigned to patients who deceased 
within the follow-up period.

  Thrombolytic Treatment 
 Thrombolytic treatment regimens included: (1) standard IV 

tPA therapy with a dosage of 0.9 mg/kg (n = 536), (2) local IA 
thrombolysis (n = 74) using either tPA (n = 37) or urokinase (n = 
37) with or without additional mechanical clot manipulation (ex-
cluding the use of special devices for clot removal such as the 
MERCI retriever and the Penumbra system), (3) IV + IA throm-
bolysis (n = 35) using either tPA (n = 27) or a combination of tPA 
and urokinase (n = 8) with or without additional mechanical clot 
manipulation. No heparin was administered within the 24 h after 
thrombolysis, except for low amounts of heparin during angiog-
raphy, at the discretion of the treating interventionalist.

  MRI Data Acquisition and Analysis 
 MRI scans were performed on 1.5-tesla scanners, all equipped 

with echo-planar imaging (EPI) data acquisition capabilities. 
Stroke protocols were not entirely uniform in the 10 participating 
centers, but all included  EPI DWI. No predefined MRI patterns 
(such as DWI/PWI mismatch) were required for inclusion in the 
study. Pretreatment DWI lesion volumes were measured by the 
participating stroke centers using locally available software.

  Statistical Analysis 
 As the variables age, initial NIHSS score and initial DWI vol-

ume were not normally distributed (Kolmogorov-Smirnov test), 
the Mann-Whitney test was used to test for statistically signifi-
cant differences between groups. To control for multiple tests 
when comparing three groups pair-wise, we applied the closing 
test procedure with the Kruskal-Wallis test as global test  [16] . Bi-
nary logistic regression was used to determine independent risk 
factors for sICH. The influential variable of interest ‘route of 
thrombolysis administration’ was coded with two dummy vari-
ables (IV thrombolysis yes/no and IA thrombolysis yes/no) as a 
combined treatment strategy (‘bridging’) was applied in a subco-
hort. In multivariate models, we adjusted for the confounders 
‘age’, ‘NIHSS score at presentation’, ‘DWI lesion volume’, ‘time to 
thrombolysis’ and ‘used thrombolytics’ (rTPA or urokinase). Re-
sults were considered statistically significant at the 5% level. Un-
less otherwise stated, all values are given as median (25th, 75th 
percentiles). For illustration purposes ( fig. 1 ), IA and IV + IA pa-
tients were grouped together.

  Results 

 Data from 645 patients meeting the inclusion criteria 
were analyzed. 536 patients received IV thrombolysis, 
109 patients were treated either with IA or combined IV 
+ IA thrombolysis. Overall, 44 (6.8%) patients developed 
sICH. Out of those 44 patients, 30 had parenchymal he-
matoma grade 2, 11 patients had parenchymal hematoma 
grade 1, 2 patients had hemorrhagic infarction grade 2 
and 1 patient had hemorrhagic infarction grade 1. Pa-
tients with subsequent sICH had higher NIHSS scores at 

admission and had larger DWI lesions prior to thrombo-
lytic therapy as compared to patients without sICH ( ta-
ble 1 ). Delayed time to treatment (3–6 vs. 0–3 h after 
symptom onset) was not associated with a significantly 
increased sICH risk in any of the treatment routes (IV, IA 
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  Fig. 1.  sICH rates in patients treated with IV as compared to pa-
tients treated with IA/IV + IA thrombolysis depending on the 
initial DWI lesion volume. DWI lesion groups were compiled ac-
cording to the median DWI lesion volume of all patients (18.3 ml) 
in a small-lesion group ( ! 18.3 ml) and a large-lesion group ( 1 18.3 
ml). This graph illustrates that the sICH risk is increased in the 
IA/IV + IA treatment group independently of the initial DWI le-
sion size.   

Table 1. Basic clinical and imaging data

Parameter No sICH
(n = 601)

sICH
(n = 44)

p
value1

Age, years 69 (57–76) 71 (61–77) 0.11
Sex, male 54% 56% 0.821
NIHSS at presentation 13 (9, 17) 17 (12, 20) 0.003
DWI volume, ml 18 (7, 42) 44 (15, 93) <0.001
Time to thrombolysis >3 h 49% 55% 0.504

1 Mann-Whitney U test.
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or IV + IA treatment). The overall sICH rate (IV, IA or IV 
+ IA treatment) was 6.3% (n = 20) in patients treated 
within 3 h of symptom onset and 7.6% (n = 24) in patients 
treated within 3–6 h (p = 0.50).

  The sICH rate was significantly higher in patients 
treated with IA (12.2%, n = 9) or combined IV + IA 
thrombolysis (20%, n = 7) as compared to  patients treat-
ed with IV thrombolysis (5.2%, n = 28) ( table 2 ). After 
adjusting for age, initial NIHSS score, time to thrombo-
lytic treatment, initial DWI lesion, the thrombolytic 
agent used (tPA vs. urokinase) in a multivariate model
(n = 634), the route of tPA administration remained sig-
nificantly associated with an increased sICH risk. Pa-
tients treated with IA or IV + IA thrombolysis were more 
likely to develop sICH than patients treated with IV 
thrombolysis (odds ratio, OR 3.466; 95% CI 1.19–10.01,

p  !  0.05) ( table 3 ). The initial DWI lesion volume was in-
dependently associated with sICH as reported previously 
(OR 1.07 for a 10-ml increase in DWI volume; 95% CI 
1.02–1.12, p  !  0.01)  [13, 17] . Despite a clear trend towards 
significance, the NIHSS score at presentation was not an 
independent risk factor for sICH in this analysis.

   Figure 1  illustrates that even in patients with small 
DWI lesions ( ! 18.3 ml, the median DWI lesion volume 
of the study population) IA/IV + IA treatment was asso-
ciated with a 3.9-fold higher risk for sICH; in patients 
with large DWI lesions, the risk for sICH associated with 
IA administration was increased 2.3-fold. This finding is 
in accordance with the fact that DWI lesion size and 
mode of thrombolytic treatment are independent risk 
factors for sICH.

  For the primary analysis, sICH criteria of the NINDS-
tPA trial were applied. Using stricter criteria of sICH re-
sulted in lower total rates of sICH whereas the sICH rate 
in patients treated IA or IV + IA remained constantly 
higher as compared to IV-treated patients ( table 4 ).

  Discussion 

 This retrospective multicenter analysis is the first large 
study directly comparing sICH rates in MR-guided IV 
versus IA or IV + IA thrombolysis in clinical routine. We 
found an increased sICH risk in IA- and IV + IA-treated 
patients, which could not solely be explained by differ-
ences in clinical and imaging baseline parameters.

  The hemorrhage rate in patients treated by IV throm-
bolysis in this study was comparable to the rates reported 
in the large IV thrombolysis trials  [1, 8, 18] . The fact, that 
sICH rates are similar (or even lower) in community-
based registries or in observational studies  [19]  as com-
pared to the large randomized trials argues for the suc-
cessful transfer of IV thrombolytic therapy to the clinical 
routine. Nevertheless, the efficacy of IV tPA therapy is 
limited, mainly due to failure to achieve timely recanali-
zation, indicating a clear need for improved treatment 
regimens.

  IA thrombolysis has not been evaluated as rigorously 
as IV thrombolytic therapy and remains less well stan-
dardized. While IA thrombolysis has proven to be more 
efficacious in achieving vessel patency, sICH rates in IA 
thrombolysis vary substantially (between 5.5 and 17.9%) 
 [4–7, 10, 20, 21] , and it is likely that differences in treat-
ment protocols such as choice and dosage of the throm-
bolytic agent, its mode of application, the use of addition-
al mechanical clot manipulation or co-medication have a 

Table 2. sICH rates in patients treated with IV, IA or IV + IA 
thrombolysis

Thrombolytic therapy n sICH

IV 536 28 (5.2%)a, b

IA 74 9 (12.2%)a, c

IV + IA 35 7 (20%)b, c

The Kruskal-Wallis test revealed significant differences for 
sICH risk between the three groups (p < 0.01). The Mann-Whit-
ney U test was used for comparison between two groups.

a p < 0.05 between IV and IA thrombolysis; b p < 0.01 between 
IV and combined IV + IA thrombolysis; c n.s. (p = 0.283) between 
IA and combined IV + IA thrombolysis .

Table 3. Multivariate analysis of sICH prediction (n = 634)

Variable OR 95% CI p value

Age 1.019 0.99–1.05 0.133
NIHSS score at presentation 1.059 0.99–1.12 0.06
DWI volume, 10 ml1 1.07 1.02–1.12 0.006
Time to thrombolysis2 1.337 0.68–2.63 0.398
Used thrombolytics 1.495 0.66–3.39 0.335
IA thrombolysis3 3.466 1.19–10.01 0.023
IV thrombolysis4 2.231 0.68–2.63 0.398

1 OR given for each 10-ml increase in DWI lesion volume.
2 Categorized, 0–3 versus 3–6 h.
3 IA/IV + IA thrombolysis versus IV thrombolysis.
4 IV thrombolysis versus IA/IV + IA thrombolysis.
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substantial impact. However, direct comparison of sICH 
rates between different IA thrombolysis trials is strongly 
hampered by the use of various sICH definitions and 
analysis procedures: while some studies report sICH data 
separately for IA-treated patients, others also include pa-
tients with IV thrombolysis who were screened for IA 
treatment but were not eligible due to angiographic exclu-
sion criteria, prohibiting a clear estimate of sICH rates 
associated with the IA treatment approach  [5, 9] . A re-
cent retrospective study on 294 patients undergoing IA 
thrombolysis using urokinase found a low sICH rate of 
4.8%  [22] . However, the authors used a strict definition of 
sICH (evidence of space-occupying parenchymal hema-
toma and NHISS deterioration of  6 4 points). Applying 

the same sICH criteria to IV thrombolysis translates into 
a substantially lower sICH rate in IV thrombolysis of 
1.7%  [19] .  Table 5  gives an overview of sICH rates in larg-
er IA thrombolysis trials or observational studies.

  The present analysis does not support the common 
notion that the increased sICH risk of IA thrombolysis is 
solely attributable to basic patient-related factors such as 
advanced age or clinical severity of stroke or larger pre-
treatment ischemic lesions. The reasons for the increased 
sICH risk remain to be clarified. From a pathophysiolog-
ical point of view, the relatively high concentration of 
thrombolytic agent at the site of IA application may play 
an important role, leading to a variety of processes in-
cluding a stronger activation of proteases at the blood-

Table 4. sICH rates using different definitions of sICH

sICH definition Symptomatic hemorrhage, n

total IV IA IV + IA

Any ICH and NIHSS score difference ≥11 44 (6.8) 28 (5.2) 9 (12.2) 7 (20)
PH1/PH2 and NIHSS score difference ≥1 41 (6.4) 26 (4.9) 9 (12.2) 6 (17.1)
Any ICH and NIHSS score  difference ≥42 27 (4.2) 20 (3.7) 5 (6.8) 2 (5.7)
PH2 and NIHSS score difference ≥43 21 (3.3) 16 (3.0) 4 (5.4) 1 (2.9)

Figures in parentheses are percentages. PH1, PH2 = Parenchymal hematoma grade 1 or 2.
1 NINDS criteria. 2 PROACT II criteria. 3 SITS-MOST criteria.

Table 5. sICH rates in IA thrombolysis trials

Present
study

PRO-
ACT I [25]

PROACT II 
[4]

IMS I [5] IMS II [9] EMS [6] Kidwell
et al. [10]

Mattle
et al. [7]

Brekenfeld
et al. [22]

Patients, IA treatment, n 109 26 108 801 812 35 89 55 294
Thrombolytic agent r-tPA,

urokinase
pro-
urokinase

pro-
urokinase

r-tPA r-tPA r-tPA r-tPA,
urokinase

urokinase urokinase

Mode of treatment IA, IV + IA IA IA IV, IV + IA IV, IV + IA IV + IA, 
placebo + 
IA

IA, IV + IA IA IA

Time window 0–6 h 0–6 h 0–6 h 0–3 h 0–3 h 0–3 h 0–6 (–24 h) 0–6 h 0–6 h
sICH definition used

Any ICH and NIHSS score
difference ≥13

16 (14.7%) 16 (18%)

Any ICH and NIHSS score
difference ≥44

11 (10.2%) 4 (7%)

Any ICH + ‘clinical deterioration’ 4 (15.4%) 5 (6.3%) 8 (9.9%) 3 (8.6%)
PH and NIHSS score difference ≥4 14 (4.8%)

PH = Parenchymal hematoma.
1 Including 18 patients not treated with IA thrombolysis (IV only). 2 Including 26 patients not treated with IA thrombosis (IV only). 3 NINDS criteria. 

4 PROACT II criteria. 
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brain barrier than with IV treatment. Nevertheless, other 
procedural issues, including additional mechanical ma-
nipulation, limited experience with IA thrombolysis as 
compared to IV thrombolysis, influence of comedication 
and lack of standardization of IA thrombolysis, have to 
be considered and deserve special interest in the future.

  The present analysis has several limitations. Patients 
were treated in the participating centers according to lo-
cal treatment protocols including heterogeneous comedi-
cation. Due to the observational nature of the study, no 
randomization to the treatment groups was performed 
and the criteria for systemic or IA thrombolysis were not 
equal within the centers. While the dosage of tPA in IV 
thrombolysis was standardized, the dosage used for IA or 
IA + IV tPA varied between the centers. There is a clear 
imbalance in the numbers of patients in the three treat-
ment groups. However, this imbalance towards IV treat-
ment reflects clinical practice, even in experienced stroke 
centers with high turnover. For reasons of statistical pow-
er, we used the sICH definition applied in the NINDS tPA 
trial, which has been criticized for a potential overestima-
tion of sICH (in contrast to clinical deterioration e.g. due 
to reocclusion). Nevertheless, the relative differences in 
sICH rates in both treatment groups remained similar, 
even when stricter definitions of sICH were applied. The 
fact that all but 1 IA treated patient with sICH had a
parenchymal hematoma (PH1 or PH2) argues strongly 
against a relevant overestimation of hemorrhage rates 
due to residual angiographic contrast agent that could 
potentially result in hyperdensity on follow-up CT scan. 
We cannot exclude, that other patient-related factors, po-
tentially influencing the ICH risk (i.e. hypertension, glu-
cose level, platelet count, albuminuria or preexistent an-
tiplatelet therapy) contribute to the higher sICH rates in 
IA or IV + IA treated patients, since these parameters 
were not systematically assessed in all our patients  [17, 
23] . The present study was not designed to evaluate the 
efficacy of IA thrombolytic treatment, explaining the 
lack of data on recanalization rates and long-term follow-
up.

  In conclusion, we found an excess rate of sICH in pa-
tients undergoing IA and IV + IA thrombolysis as com-
pared to patients treated with IV thrombolysis that was 
independent of baseline differences in clinical and imag-
ing parameters. Nevertheless, in light of a suboptimal 
standard therapy – IV thrombolysis –, interventional re-
canalization strategies for acute stroke remain promising 
treatment options, and further research concerning tech-
nical aspects as well as optimal patient selection is war-
ranted.
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