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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 (Com-
prehensive Meta-Analysis 2) software was utilized to conduct the meta-analysis; o 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 statisti-
cally 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 effec-

tive 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 ves-
sel (1-3). Stroke is the most prevalent neurologic disease
and also the most prevalent cause of mortality and mor-
bidity in mental patients. Stroke holds first among cardio-
vascular diseases in the United States (US) and worldwide.
Itis also the third most common cause of death after heart
diseases and cancer (4-7). Using anti-clot drugs such as re-
combinant 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 af-
ter the occurrence of the ischemic strokes, intravenous
thrombolysis should be applied. However, the studies re-
vealed that more than 50% of the patients do notreceive an
anti-clot in the defined time (15-18). Moreover, some stud-
ies suggested that application of intra-arterial thrombol-
ysis should be replaced by intravenous thrombolysis (19-
21). Revision of the literature revealed a conflict in the sug-
gestions and the results of the studies. Due to the impor-
tance of employing thrombolytic therapy to treatischemic
strokes, it is important to reach a conclusive statement re-
garding the effectiveness and the results of each of these
two types of thrombolysis to treat patients. Therefore, a re-
view of the studies can be fruitful. Hence, the current study
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aimed at comparing the effectiveness and results of intra-
venous 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 co-
hort studies were included. Population of the studies in-
cluded patients with acute strokes receiving anti-clot. The
primary outcome was mortality rate. The secondary out-
comes included national institutes of health stroke scale
(NIHSS), neurological dementia, recanalization, intracra-
nial hemorrhage, and the modified Rankin scale. Other
outcomes were also taken into account. The studies inves-
tigating hemorrhagic strokes, case studies, retrospective
studies, letters to the editors, and educational papers were
excluded.

2.2. Search Strategy

In the first phase, the studies were extracted by search-
ing keywords such as stroke, brain ischemia, ischemic
stroke, streptokinase, urokinase, thrombolytic therapy, tis-
sue 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 ar-
ticles, 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 key-
words were evaluated by two reviewers. The conflicts be-
tween 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.

2.4. Data Extraction

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 in-
terval from the onset of symptoms to treatment, symptom
improvement, neurological dementia, recanalization, in-
tracranial hemorrhage, and mortality rate.

2.5. Statistical Analysis

To calculate mortality rate and symptom improve-
ment, meta-analysis methods were used. If the hetero-
geneity 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 uncer-
tainty, sensitivity analysis was used for the results of meta-
analysis. 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 1shows how the retrieved studies were
screened.

3.1. Primary Results

Four of the eight articles were included in the meta-
analysis. The other four were not included due to not re-
porting proper numerical data. Six of the articles were ex-
perimental and two were prospective studies. All in all, 855
patients were analyzed. Generally, in both groups of intra-
venous and intra-arterial thrombosis, no significant differ-
ence was observed regarding age and gender (P > 0.05).
The mean age range of the patients was 60 - 66 and 58 - 68
years in the intra-arterial and intravenous groups, respec-
tively.

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 injec-
tion (this, admittedly, was inevitable due to the interven-
tional 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 in-
cluded studies. In both of these studies, neurological de-
mentia 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 differ-
ence was not statistically significant (P > 0.05). Intracra-
nial hemorrhage was 11.33% and 9.52% in the intra-arterial
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The total number of articles

retrieved: 1696

The number of articles excluded due
to redundency: 924

Y

Abstracts and titles reviewed: 772 The articles excluded by reviewing the artlc.lelés excluded by reviewing the
i I racts: 74

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

v The number of articles which in the
form of letters to editors: 23

Case studies: 12

Tutorial papers: 34

Y

The number of fully reviewed

articles: 32

The number of articles excluded by
reviewing the full paper: 26

The number of added
articles after hand .
) > > The number of articles excluded
researching and search of )
references: 2 due to an inadequate

information presented: 24

The number of articles which the

same content: 2
The total number of studies included: 8

Figure 1. The study inclusion flowchart

and intravenous thrombolysis groups; the difference was  3.2. The Meta-Analysis Results
not statistically significant (P> 0.05).
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 indi-
cated that intra-arterial thrombolysis was more effective
The summary of the characteristics of included papers than intravenous thrombolysis in the symptom improve-
is presented in Table 1. ment (Figure 2). The heterogeneity results showed that the
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Table 1. Characteristics of Included Studies®”

First Author, Type of Intervention Participants, Participants NIHSS Index i p gical Tunnel Intracerebral Mortality
Publication Study N Age Interval® in Dementia, % Vision, % Hemor- Rate
y Symptoms, rhage,
% %
Ciccone RCT
(2013)
Endovascular 181 66 3 Median 3.7 30.4 9 - 6 6(7d);9.9(90
Intra- treatment d)
arteria
In- tPA 181 67 3 Median 2.7 34.8 7 - 6 8(7d);14.4
tra- (90d)
venous
Ciccone RCT
(2010)
Alteplase 25 61 16 Median 3.2 56 4 14 14(7d)
Intra-
arterial
In- Alteplase 29 64 17 Median 2.5 31 o = 8 20(7d)
tra-
venous
Zhang Prospective
(2010) study
tPA 23 62 9 Mean 4.6 &= 8264 - 82 9.1 16.4 (90 d)
Intra- 13
arteria
In- Alteplase 55 67 9 Mean31 £ SGAd - - 87 87(90d)
tra- 05
venous
Sen (2009) RCT
A 3 68 16 Mean2 + 07 - - od 1272525
Intra-
arterial
In- tPA 4 68 16 Mean158 + - - 1004 30.4;0;33 -
tra- 058
venous
Mattle Prospective
(2008) study
Urokinase 55 61 17.5 Mean4 +1 53d - - 0 234 (90d)
Intra-
arteria
In- PA 57 61 16.7 Mean 2.6 £ 2d - 7 18 7 (90d)
tra- 03
venous
Ducrocq RCT
(2005)
Urokinase 3 60 - Mean 5.24 46 - 15 0 29(90d)
Intra-
arterial
In- Urokinase 14 58 - Mean 4.16 29 - 15 15 23(90d)
tra-
venous
Furlan RCT
(1999)
Prourokinase 121 64 17 Median 4.7 40d = 664 2 27(90d)
Intra- (IAT)}+
arteria heparin (IVT)
In- Heparin (IVT) 59 64 17 Median 5.1 zsd - 189 10 25(90d)
tra-
venous
Lewandowski RCT
(1999)
PA (IVT +IAT) 18 66 1 Median 2.6 47 - 82 5555 55(90d)
Intra-
arterial
In- tPA (IAT) 17 67 16 Median 2.7 67 - 50 0;1.7 29(90d)
tra-
venous

Z Abbreviations: NIHSS, national institutes of health stroke scale; TIMI, thrombolysis in myocardial infarction; tPA, tissue plasminogen activator.
ARankin score 0 to 2 at 90 days after stroke.
bNIHSS Index > 4 whithin 7 days.

€From the onset of symptoms to treatment.

dpvalue < 0.05.

studies were homogenous (Q = 0.49, I> = 0%, P = 0.921).

Sensitivity analysis of the studies showed no signifi-
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Study Name 0dds Ratio Lower Limit Upper Limit Z-Value P-Value 0dds Ratio and 95% CI Relative Weight
Ciccone A (2010) 2.83 0.93 8.62 1.83  0.068 23.68
Zhang B (2010) 3.68 1.10 12.24 2.12  0.034 20.34
Mattle HP (2008) 3.78 1.67 8.52  3.20 0.001 —i— 44.37
Ducrocq X (2005) 2.14 0.44 10.53 0.94 0.348 11.61
Combined 3.28 1.91 5.65 430 0.000 g

0.01 0.1 1 10 100
Heterogencity Test; Q = 0.49, df =3, P=0.921, l-square = 0%

Favors IVT Favors IAT

Figure 2. Improvement in symptoms after intra-arterial and intravenous thrombolysis in patients with acute stroke

cant 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 thatintra-arterial thrombolysis
was more effective in decreasing mortality rate than intra-
venous thrombolysis (Figure 4). The homogeneity results
indicated that the studies were homogenous (Q =1.01,I* =
0%,P=0.602).

The sensitivity test showed no significant difference in
mortality rate between the groups (Figure 5).

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 clini-
cal evidence. The current study showed that employment
of intra-arterial method to inject anti-clot drugs into pa-
tients with acute stroke was superior to that of intravenous
method. This was averred by investigating mortality rate
and improvement in symptoms in such patients. Mor-
tality rate of patients receiving anti-clot drug with intra-
arterial method was lower than that of the ones with intra-
venous method. This superiority was also observed in ex-
ploring 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 con-
ducted 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 sig-
nificant difference in symptom improvement and mortal-
ity rate in the six treatment strategies. However, this result

Health Tech Asmnt Act. 2017;1(1):e60091.

was not constant after the sensitivity analysis test. The au-
thors concluded that the observed changes were the result
of different baseline states and personal characteristics of
the patients rather than the treatments. One probable rea-
son for this discrepancy between the findings of the cur-
rent study and that of Mullen et al. can be the type of stud-
ies included. In their studies all types of articles (case stud-
ies, 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 pa-
tients 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 arti-
cles were included in the meta-analysis and the findings
showed thatintra-arterial thrombolysis was more effective
in symptom recovery compared with intravenous throm-
bolysis. However, no significant difference was reported re-
garding mortality rate between the two groups (31).

The studies included in the analysis phase showed dif-
ferences regarding stroke severity, the type of employed in-
terventions 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
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 intra-
arterial thrombolysis group was significantly better that
those of intravenous thrombolysis. In spite of the limita-
tions in the selected articles, it can be concluded that if
the patients with acute stroke are appropriately selected,
intra-arterial thrombolysis can be more effective than in-
travenous thrombolysis.
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Statistics with Study Removed

Study Name 0dds Ratio Lower Limit Upper Limit Z-Value P-Value
Ciccone A (2010) 3.44 1.85 6.40 3.90 0.000
Zhang B (2010) 3.19 1.74 5.86 3.74 0.000
Mattle HP (2008) 2.94 1.42 6.08 2.90 0.004
Ducrocq X (2005) 3.47 1.95 6.18 4.23 0.000
Combined 3.28 1.91 5.65 4.30 0.000

0dds Ratio and 95% CI

0.5 1 2 5 10

Favors IAT

0.1 0.2

Favors IVT

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

Study Name Odds Ratio Lower Limit Upper Limit Z-Value P-Value
Zhang B (2010) 0.49 0.100 2.45 -0.87 0.383
Mattle HP (2008) .27 0.08 0.87 -2.18 0.029
Ducrocq X (2005) 0.75 0.13 4.25 -0.33 0.745
Pooled Effect 0.40 0.17 0.92 -2.15 0.032
0.1

Heterogencity Test; Q =1.01. df =2, P= 0.602, I-square = 0%

0dds Ratio and 95% CI Relative Weight
0.28
-0.94
0.82
0.1 1 10 100
Favors IAT Favors IVT

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

Statistics with Study Removed

Study Name 0dds Ratio Lower Limit Upper Limit Z-Value P-Value 0dds Ratio and 95% CI
Zhang B (2010) 0.37 0.14 0.99 -1.98 0.047 —
Mattle HP (2008) 0.60 0.18 1.94 -0.86 0.390
Ducrocq X (2005) 0.33 0.13 0.86 -2.27 0.023 —
Pooled Effect 0.40 0.17 0.92 -2.15 0.032 -
0.1 0.2 0.5 1 2 5 10
Favors IAT Favors IVT

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