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Abstract
Context: Application of anti-clot drugs such as recombinant tissue plasminogen activator (rt-PA) to treat patients with strokes is
considered as a standard treatment employed through two techniques: intra-arterial and intravenous thrombolysis. The current
study aimed at comparing the clinical effectiveness of these two injection techniques.
Methods: The current systematic review searched Google Scholar, Web of Science, Embase, Cochrane, and PubMed databases. The
time span of the searching was from 1990 to 2017. The quality of the selected articles was evaluated. The fixed effects and random
effects models were used in the meta-analysis. The results were subject to sensitivity analysis in the specified interval. CMA.2 (Comprehensive Meta-Analysis 2) software was utilized to conduct the meta-analysis; α value was considered 5%.
Results: Eight studies met the inclusion/exclusion criteria. Intra-arterial thrombolysis was more effective to reduce mortality rate
(odds ratio (OR) = 0.40; 95% confidence interval (CI): 0.17 - 0.92; P = 0.032). Intra-arterial thrombolysis was more effective to improve
symptoms compared with intravenous thrombolysis (OR = 3.28; CI: 1.91 - 5.65; P < 0.001). Neurological dementia was bigger in the
intra-arterial thrombolysis group compared with that of intravenous thrombolysis group. The mean of recanalization was 49% and
50.8% in the intra-arterial and intravenous thrombolysis groups, respectively; the difference between the results was not statistically significant (P > 0.05). Intracranial hemorrhage value was 11.33 % and 9.52 % in the intra-arterial and intravenous thrombolysis
groups, respectively, which was not statistically significant (P > 0.05).
Conclusions: In spite of the low number of robust evidence, it can be concluded that intra-arterial thrombolysis can be more effective than intravenous thrombolysis.
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1. Context
Stroke causes damage to neurons when blood supply
to a specific part of brain tissue is interrupted. This can
occur by a blocked artery or the bursting of a blood vessel (1-3). Stroke is the most prevalent neurologic disease
and also the most prevalent cause of mortality and morbidity in mental patients. Stroke holds first among cardiovascular diseases in the United States (US) and worldwide.
It is also the third most common cause of death after heart
diseases and cancer (4-7). Using anti-clot drugs such as recombinant tissue plasminogen activator (rtPA) in a short
period is considered as the standard treatment of acute
strokes. Two specific methods of thrombolytic therapies
are employed by brain surgeons: intra-arterial thrombol-

ysis and intravenous thrombolysis (8-14).
Based on clinical guidelines, in the first 4.5 hours after the occurrence of the ischemic strokes, intravenous
thrombolysis should be applied. However, the studies revealed that more than 50% of the patients do not receive an
anti-clot in the defined time (15-18). Moreover, some studies suggested that application of intra-arterial thrombolysis should be replaced by intravenous thrombolysis (1921). Revision of the literature revealed a conflict in the suggestions and the results of the studies. Due to the importance of employing thrombolytic therapy to treat ischemic
strokes, it is important to reach a conclusive statement regarding the effectiveness and the results of each of these
two types of thrombolysis to treat patients. Therefore, a review of the studies can be fruitful. Hence, the current study
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aimed at comparing the effectiveness and results of intravenous and intra-arterial thrombolysis methods.

2. Methods
2.1. Inclusion and Exclusion Criteria
The current study was a systematic review based on
PRISMA principles. Studies that investigated the clinical
effectiveness of intravenous and intra-arterial injections
of anti-clots such as rtPA using either trial design or cohort studies were included. Population of the studies included patients with acute strokes receiving anti-clot. The
primary outcome was mortality rate. The secondary outcomes included national institutes of health stroke scale
(NIHSS), neurological dementia, recanalization, intracranial hemorrhage, and the modified Rankin scale. Other
outcomes were also taken into account. The studies investigating hemorrhagic strokes, case studies, retrospective
studies, letters to the editors, and educational papers were
excluded.

2.5. Statistical Analysis
To calculate mortality rate and symptom improvement, meta-analysis methods were used. If the heterogeneity rate between studies was less than 50%, fixed-effect
model was employed; otherwise, the random effect was
applied. CMA.2 (Comprehensive Meta-Analysis 2) software
was used to conduct the meta-analysis. The results were
reported in the form of forest plots. In the current study,
P< 0.05 was taken as the level of significance. For uncertainty, sensitivity analysis was used for the results of metaanalysis. It was conducted by inserting upper/lower bound
of confidence interval (CI) stated in the point estimates.
3. Results
Eight articles out of 1969 ones were included in the
study (19-29). Figure 1 shows how the retrieved studies were
screened.

The total number of articles
retrieved: 1696

2.2. Search Strategy
In the first phase, the studies were extracted by searching keywords such as stroke, brain ischemia, ischemic
stroke, streptokinase, urokinase, thrombolytic therapy, tissue plasminogen activator, intra-arterial, intravenous, and
thrombolysis in Cochrane, PubMed, Google Scholar, Web
of Science, and Embase databases. The selected time span
was 1990 to 2017. To identify and cover more published articles, some journals with higher impact factors (IFs) were
searched manually. The references of marked studies were
also searched to avoid missing appropriate studies.
2.3. Quality Assessment
All the included studies extracted based on the keywords were evaluated by two reviewers. The conflicts between the reviewers were settled by consulting with a third
reviewer. STROBE and CONSORT checklists were employed
for observatory studies and randomized clinical trial (RCT)
papers, respectively.

The number of articles excluded due
to redundency: 924

Abstracts and titles reviewed: 772

The number of fully reviewed

The articles excluded by reviewing the
titles and abstracts: 740
The articles which were irrelevant: 411
The articles which did not compare
intra-arterial and intravenous
thrombolysis simultaneously: 214
The number of studies presented in
conferences: 46
The number of articles which in the
form of letters to editors: 23
Case studies: 12
Tutorial papers: 34

articles: 32

The number of articles excluded by
reviewing the full paper: 26
The number of added
articles after hand
researching and search of
references: 2

The number of articles excluded
due to an inadequate
information presented: 24

The total number of studies included: 8

The number of articles which the
same content: 2

Figure 1. The study inclusion flowchart

2.4. Data Extraction

3.1. Primary Results

To extract data, first an extraction form was designed.
This form included authors, publication year, study type,
intervention and the number of participants in each
group, the age of participants, NIHSS index score, the interval from the onset of symptoms to treatment, symptom
improvement, neurological dementia, recanalization, intracranial hemorrhage, and mortality rate.

Four of the eight articles were included in the metaanalysis. The other four were not included due to not reporting proper numerical data. Six of the articles were experimental and two were prospective studies. All in all, 855
patients were analyzed. Generally, in both groups of intravenous and intra-arterial thrombosis, no significant difference was observed regarding age and gender (P > 0.05).
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The mean age range of the patients was 60 - 66 and 58 - 68
years in the intra-arterial and intravenous groups, respectively.
The NIHSS index score for both groups varied from 9
to 17. The mean onset time of the recovery symptoms was
3.75 and 3.05 hours in the intra-arterial and intravenous
groups, respectively. The evaluation of the articles revealed
that seven of them were biased in blinding. Moreover, in
five of the included articles, the researchers knew which
group was receiving intravenous or intra-arterial injection (this, admittedly, was inevitable due to the interventional nature of the investigated treatments). Only four of
the articles had employed intent-to-treat analysis. Two of
the studies had limitations regarding randomization. All
in all, the quality of the evidence had low and moderate
scores.
Neurological dementia was reported in two of the included studies. In both of these studies, neurological dementia values were bigger in intra-arterial thrombolysis
group than intravenous thrombolysis one. The mean of
recanalization was 49% and 50.8 % in the intra-arterial
and intravenous thrombolysis groups, which the difference was not statistically significant (P > 0.05). Intracranial hemorrhage was 11.33% and 9.52% in the intra-arterial
and intravenous thrombolysis groups; the difference was
not statistically significant (P > 0.05).
The summary of the characteristics of included papers
is presented in Table 1.
3.2. The Meta-Analysis Results
3.2.1. Improvement in Symptoms
The results showed that odds ratio (OR) was 3.28 (95%
confidence interval (CI): 1.91 - 5.65; P < 0.001), which indicated that intra-arterial thrombolysis was more effective
than intravenous thrombolysis in the symptom improvement (Figure 2). The heterogeneity results showed that the
studies were homogenous (Q = 0.49, I2 = 0%, P = 0.921).
Sensitivity analysis of the studies showed no significant difference in the symptoms improvement (Figure 3).
3.3. Mortality Rate
The results showed that OR was 0.40 (95%CI: 0.17 - 0.92;
P = 0.032), which indicated that intra-arterial thrombolysis
was more effective in decreasing mortality rate than intravenous thrombolysis (Figure 4). The homogeneity results
indicated that the studies were homogenous (Q = 1.01, I2 =
0%, P = 0.602).
The sensitivity test showed no significant difference in
mortality rate between the groups (Figure 5).
Health Tech Asmnt Act. 2017; 1(1):e60091.

4. Discussion
The current study investigated the clinical effects of
two anti-clot techniques such as rtPA to treat patients with
acute strokes. In the current study, systematic review and
meta-analysis were used to analyze the prospective clinical evidence. The current study showed that employment
of intra-arterial method to inject anti-clot drugs into patients with acute stroke was superior to that of intravenous
method. This was averred by investigating mortality rate
and improvement in symptoms in such patients. Mortality rate of patients receiving anti-clot drug with intraarterial method was lower than that of the ones with intravenous method. This superiority was also observed in exploring scale of improvement in symptoms in the patients.
However, the number of neurological dementia events was
higher in patients undergoing intra-arterial method than
the intravenous method.
The findings of the current study were not in line
with those of the systematic review and meta-analysis conducted by Mullen et al. (30). In their study, the authors
investigated six strategies and finally included 54 articles
(contrary to the present study, Mulen et al. included all
studies). The meta-analysis results initially showed a significant difference in symptom improvement and mortality rate in the six treatment strategies. However, this result
was not constant after the sensitivity analysis test. The authors concluded that the observed changes were the result
of different baseline states and personal characteristics of
the patients rather than the treatments. One probable reason for this discrepancy between the findings of the current study and that of Mullen et al. can be the type of studies included. In their studies all types of articles (case studies, retrospectives, etc.) were included; while in the current
study, only the RCT and prospective studies were included.
In the systematic review and meta-analysis conducted
by Wardlaw et al. the researchers investigated 2527 patients in 20 articles. The findings did not reveal any
advantage of intravenous thrombolysis compared with
intra-arterial thrombolysis (16). In the systematic review
and meta-analysis conducted by Nam et al. four articles
were included and 351 patients were analyzed. Two articles were included in the meta-analysis and the findings
showed that intra-arterial thrombolysis was more effective
in symptom recovery compared with intravenous thrombolysis. However, no significant difference was reported regarding mortality rate between the two groups (31).
The studies included in the analysis phase showed differences regarding stroke severity, the type of employed interventions and the methodological quality. Furthermore,
searching was just used in studies written either in English
or Farsi. Although they were published in high IF journals
3
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Figure 2. Improvement in symptoms after intra-arterial and intravenous thrombolysis in patients with acute stroke

Figure 3. The sensitivity analysis comparing improvement in symptoms due to intra-arterial and intravenous thrombolysis in patients with acute stroke

Figure 4. The meta-analysis comparing mortality rate due to intra-arterial and intravenous thrombolysis in acute stroke patients

Figure 5. The sensitivity analysis comparing mortality rate due to intra-arterial and intravenous thrombolysis in patients with acute stroke

of stroke, methodological quality of some of the studies
were low, especially regarding blinding. This limitation
can be due to the nature of the employed intervention,
which cannot be easily blinded from clinicians.
4.1. Conclusions
Improvement in symptom and mortality rate in intraarterial thrombolysis group was significantly better that
those of intravenous thrombolysis. In spite of the limitations in the selected articles, it can be concluded that if
the patients with acute stroke are appropriately selected,
4

intra-arterial thrombolysis can be more effective than intravenous thrombolysis.
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RCT

Urokinase

Intravenous

Furlan (1999)

Urokinase

Intraarterial

RCT

tPA

Intravenous

Ducrocq
(2005)

Urokinase

Intraarterial

Prospective
study

tPA

Intravenous

Mattle (2008)

tPA

Intraarterial

RCT

Alteplase

Intravenous

Sen (2009)

tPA

Intraarterial

Prospective
study

Alteplase

Intravenous

Zhang (2010)

Alteplase

RCT

Intraarterial

Ciccone
(2010)

tPA

Intravenous

Intervention

Endovascular
treatment

RCT

Type of Study

Intraarterial

Ciccone
(2013)

First Author,
Publication y

Table 1. Characteristics of Included Studiesa , b

14

13

57

55

4

3

55

23

29

25

181

181

Participants,
N

58

60

61

61

68

68

67

62

64

61

67

66

Participants
Age

-

-

16.7

17.5

16

16

9

9

17

16

13

13

NIHSS Index

Mean 4.16

Mean 5.24

Mean 2.6 ±
0.3

Mean 4 ± 1

Mean 1.58 ±
0.58

Mean 2 ± 0.7

Mean 3.1 ± 0.5

Mean 4.6 ± 1.3

Median 2.5

Median 3.2

Median 2.7

Median 3.7

Median/Mean
Intervalc

29

-

-

-

23d

46

-

-

53d

-

-

-

56.4d

-

-

0

4

7

9

Neurological
Dementia, %

82.6d

31

56

34.8

30.4

Improvement
in
Symptoms, %

15

15

71

15

0

1.8

0

30.4; 0; 33

100d

-

12.7; 25; 25

8.7

9.1

8

14

6

6

Intracerebral
Hemorrhage,
%

0d

-

82

-

-

-

-

Tunnel
Vision, %

23 (90 d)

29 (90 d)

7d (90 d)

23d (90 d)

-

-

8.7 (90 d)

16.4 (90 d)

20 (7 d)

14 (7 d)

8 (7 d); 14.4 (90
d)

6 (7 d); 9.9 (90
d)

Mortality
Rate
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tPA (IVT + IAT)
tPA (IAT)

Intraarterial

Intravenous

17

18

59

121

Abbreviations: NIHSS, national institutes of health stroke scale; TIMI, thrombolysis in myocardial infarction; tPA, tissue plasminogen activator.
a
Rankin score 0 to 2 at 90 days after stroke.
b
NIHSS Index ≥ 4 whithin 7 days.
c
From the onset of symptoms to treatment.
d
P value < 0.05.

z

RCT

Heparin (IVT)

Intravenous

Lewandowski
(1999)

Prourokinase
(IAT)+ heparin
(IVT)

Intraarterial

67

66

64

64

16

11

17

17

Median 2.7

Median 2.6

Median 5.1

Median 4.7

67

-

-

-

25d

47

-

40d

50

82

18d

66d

0; 11.7

5.5; 5.5

10

2

29 (90 d)

5.5 (90 d)

25 (90 d)

27 (90 d)
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