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Abstract

Background: To investigate the efficacy and safety be-
tween intra-arterial thrombolysis (IAT) and intravenous
thrombolysis (IVT) in ischemic stroke patients.

Methods: The full-texts comparing IAT and IVT in ischemic
stroke patients were retrieved by PubMed, Embase and Co-
chrane Central Register of Controlled Trials databases. Re-
view Manager 5.0 was adopted for conducting meta-analy-
sis, sensitivity analysis and bias analysis.

Results: A total of 6 studies including 440 patients with
ischemic stroke were included. The results of meta-analy-
sis suggested significant differences between IVT and IAT
groups in complete recanalization (relative risk (RR) = 0.58,
95% confidence interval (Cl) [0.48, 0.71], P < 0.00001; P for
Heterogeneity = 0.70, /> = 0%). But no significant differenc-
es were observed in the National Institutes of Health Stroke
Scale (NIHSS) after treatment of symptomatic incidence of
intracerebral hemorrhage (ICH) and mortality.

Conclusions: Our study findings suggested that IAT is
more efficient than IVT in direct clinical effects in ischemic
stroke patients. Analysis of secondary outcome and safety
showed no difference. Additional studies with larger sample
sizes are strongly needed to further validate our findings.
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Introduction

Acute cerebral infarction, commonly referred to as
ischemic stroke, is a common disease of the nervous
system. It is associated with high disability and mortal-
ity rates, causing a serious adverse impact on human
health and normal life [1-3]. The prognosis of this dis-
ease is closely correlated with prompt and accurate
treatment [4-6].

Recombinant tissue plasminogen activator (rt-PA)
is the most effective drug for treating ischemic stroke
in the ultra-early stage [7,8]. Related studies showed
that intravenous application of rt-PA within 4.5 hours
after the onset of cerebral apoplexy quickly restored
cerebral blood perfusion and effectively alleviated the
symptoms of hypoxia in ischemic penumbra [7-9]. This
in turn greatly reduced the mortality and disability rates
in patients with stroke.

It is considered as the most effective treatment for
treating acute ischemic stroke by dissolving thrombus,
recanalization of occlusive blood vessels and recon-
struction of blood flow [10,11]. Intravenous thromboly-
sis (IVT) is simple, but the time window remained short,
while intra-arterial thrombolysis (IAT) has a certain de-
gree of trauma in association with complex operation,
but the time window is relatively long.

There are several articles that compared the differ-
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ences between IAT and IVT in patients with ischemic
stroke, and there exists various research designs, enroll-
ment and exclusion criteria, methods and so on. Goyal
in his study stated that both IAT and IVT have similar
effects [7]. While Qureshi reported that IVT was much
better than IAT for patients with ischemic stroke [5].
Therefore, meta-analysis was conducted to evaluate IAT
and IVT in ischemic stroke patients.

Methods

Searched databases and strategies

PubMed, Embase, and Cochrane Central Register of
Controlled Trials databases were searched for studies
reporting the comparison of IAT and IVT for the treat-
ment of patients with ischemic stroke from January 1,
2000, to March 16, 2019, were reviewed. The search
terms included intravenous thrombolysis or IVT, in-
tra-arterial thrombolysis or IAT and ischemic stroke or
IS. Two independent investigators carried out the initial
search, deleted duplicate records, screened the titles
and abstracts for relevance, and identified the studies
that required further assessment. The full-texts of the
included articles were reviewed. The references of the
retrieved articles and previous reviews were manually
checked to identify any additional eligible studies.

Inclusion and exclusion criteria
Studies were included if:

a) Studies designed as randomized trials or case-con-
trol studies.

b) Studies that compared IAT and IVT.

c) Studies involving patients with ischemic stroke di-
agnosed by radiography.

Studies were excluded if:
a) Case studies/meta-analyses/letter to editors.

b) Studies that did not compare between IAT and
IVT.

c) Patients with other diseases.
d) Studies with limited or insufficient data.

e) Duplicate studies.

Data extraction and review

Eligibility assessment was performed independently
in a standardized manner by two reviewers using a pre-
determined screening form. RCTs in which the patients
were diagnosed with ischemic stroke that compared
IAT with IVT were included. No restrictions to drug type,
dose, mechanical device, or mechanical disruption were
imposed. Any disagreements between the reviewers
were resolved by reaching consensus.

Two reviewers independently abstracted the data.
The data collected from each study included date of
publication, first author, nation, number of patients en-
rolled and randomized in each study, age (years), gen-
der and recruitment period.

A Cochrane risk of bias assessment tool [9] for non-
randomized studies of the effects of interventions was
individually applied to all selected studies. The risk of
bias in each study was rated as “high risk”, “low risk”
or “unclear” according to the match level between the
information extracted and the evaluation criteria. The
authors tried to be fair enough during quality assess-
ment, however, a slight up or down might be possible
during grading. This manuscript adhered to the applica-
ble equator guidelines.

Statistical analysis

Effect sizes for numerical variables were expressed as
differences in means with 95% confidence interval (Cl),
while that of categorical data were expressed as relative
risk (RR) with 95% Cl. Heterogeneity between-study was
tested with I measure. Percentages of around 25% (/? =
25), 50% (/? = 50), and 75% (/> = 75) were considered as
low, moderate, and high heterogeneities, respectively
El

A x? based Q-test was also performed to check be-
tween-study heterogeneity. The /? value of higher than
50 indicate moderate heterogeneity between studies,
and the effect size for each study was calculated by ran-
dom effects model DerSimonian-Laird approach. Publi-
cation bias was evaluated and quantified by funnel plot,
Egger’s and Begger’s tests. When significant heteroge-
neity existed across studies, sensitivity analysis was per-
formed by sequential omission of each study to test the
influence of each individual study on pooled data. Most
of the analyses were performed using Review Manager
5.0 (Cochrane Collaboration, Oxford, United Kingdom)
and analysis of publication bias was conducted by STA-
TA 12.0 (StataCorp, College Station, TX).

Results

Search results

Electronic search yielded a total number of 805 ar-
ticles. After thorough reading, 81 studies were consid-
ered to meet the preliminary criteria. Further screening
excluded 75 articles due to study design, insufficient
data and type of the articles. Finally, 6 papers were se-
lected for analysis. Figure 1 presents flowchart of iden-
tification, inclusion and exclusion criteria, reflecting the
search process and the reasons for exclusion.

Main features of the studies

Table 1 summarized the type of study reported and
the total number of patients associated with each group.
The contents included author, publication year, nation,
age, gender, group, sample size and recruitment time.

All 6 articles included a total number of 440 patients
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Figure 1: Flow diagram of study identification, inclusion and exclusion.

Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) —:I

Selective reporting (reporting bias) _

Other bias |
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Figure 2: Quality assessment of included studies: Low risk of bias (green hexagons), unclear risk of bias (white hexagons),
and high risk of bias (red hexagons).

Table 1: Characteristics of the included studies.

Study Year Nation Age (years) Gender (male/female) Groups N Recruitment time

Cabral [25] 2016 Brazil 65.2il NE 63/50 IVT 82 2009 to 2014
IAT 31

Ciccone [26] | 2009 | ltaly 62.7yN NE 42/12 IVT 29 January 2004 to February 2008
IAT 25

Jensen [27] 2016 USA 53.6IN NE  25/10 VT 11 January 2010 to May 2015
IAT 24

Mattle [28] 2007 Switzerland | 61.9zerla 66/46 IVT 57 July 1998 to March 2006
IAT 55

Sanak [29] 2010 |Czech 61.5hN NE  19-Nov VT 20 January 2005 to September
IAT 10 2007

Wolfe [30] 2008 USA 67.5IN NE  47/49 VT 41 September 1996 to April 2003
IAT 55
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with 240 in IVT group and 200 in IAT group. The sample
size of the included studies ranged between 30 and 113.

Quality assessment

The deviation table in the Review Manager 5.0 tuto-
rial was used to assess the risk of each study by applying
the criteria for evaluating design-related deviations. The
risk of bias in this study was listed in Figure 2. Partici-
pants and respondents showed slight bias between IVT
group and IAT group. Figure 3 showed detailed informa-
tion about quality assessment in this article. All 6 stud-
ies were associated with low risk.

Results of meta-analysis

Meta-analysis of complete recanalization: Three
studies with 159 patients in IVT group and 96 patients in
IAT group underwent complete recanalization. Figure 4
presented heterogeneity analysis of complete recanal-
ization between IVT group and IAT group. All 3 studies
showed statistically significant differences in complete
recanalization in both IVT and IAT groups. Complete re-
canalization in IAT was better than that in IVT group (RR
=0.58,95% ClI [0.48, 0.71], P < 0.00001; P for Heteroge-
neity = 0.70, > = 0%).

Meta-analysis of NIHSS after treatment: The forest
plot for meta-analysis regarding the National Institutes
of Health Stroke Scale (NIHSS) after treatment was pre-
sented in Figure 5. These results demonstrated that NI-
HSS after treatment showed no significant difference
between IVT (n = 240) and IAT (n = 200) among ischemic
stroke patients (MD = -0.89, 95% CI [-2.08, 0.30], P =
0.14; P for Heterogeneity = 0.17, > = 35%).

Meta-analysis of symptomatic intracerebral hemor-
rhage (ICH): Meta-analysis about symptomatic ICH was

shown in Figure 6. Symptomatic ICH in IVT group (183
samples) showed no difference when compared with

Cabral 2016

~ | @ | Incomplete outcome data (attrition bias)

® O O ®| @ ® selectvereporting (reporting bias)
‘ . . . ‘ . Other bias

Ciccone 2009

=~

Jensen 2016

-~ ’ ‘ . Random sequence generation (selection bias)

Mattle 2007

Sanak 2010

@ @ @ @ |® | @ |Binding of participants and personnel (performance bias)
) . ‘ ' . . Blinding of outcome assessment (detection bias)

@ @ @ @ |@® |~ |Alocation concealment (selection bias)

Wolfe 2008

Figure 3: Quality assessment of included studies.
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Mattle 2007 27 57 48 55 53.4% 0.54 [0.41, 0.73] =

Sanak 2010 9 20 8 10 11.7% 0.56 [0.32, 1.00]
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Figure 4: A forest plot for complete recanalization in IVT and IAT groups.

IVT IAT Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed. 95% Cl 1V, Fixed. 95% ClI

Cabral 2016 16 6.3 82 19 94 31 11.0% -3.00 [-6.58, 0.58] i

Ciccone 2009 6 43 29 9 73 25 13.3% -3.00[-6.26, 0.26] B |

Jensen 2016 10 5.1 11 13 74 24 7.9% -3.00[-7.22,1.22] -

Mattle 2007 175 45 57 16.7 5.1 55 44.4%  0.80[-0.98, 2.58] -

Sanak 2010 6 54 20 9.5 135 10 1.9% -3.50 [-12.20, 5.20] —
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Figure 5: A forest plot for NIHSS after treatment in IVT group and IAT group.
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IVvT IAT Risk Ratio Risk Ratio
r r Events Total Events Total Weight M-H, Fix % Cl M-H, Fix % Cl
Cabral 2016 2 82 1 31 151% 0.76 [0.07, 8.04] -
Ciccone 2009 3 29 1 25 11.2%  2.59[0.29, 23.32] =
Jensen 2016 0o M 1 24 10.2% 0.69[0.03, 15.82] =
Sanak 2010 120 2 10 27.8% 0.25[0.03, 2.44] - &
Wolfe 2008 5 M 4 55 357% 1.68 [0.48, 5.86] T
Total (95% Cl) 183 145 100.0%  1.14[0.51, 2.58]
Total events 11 9
Heterogeneity: Chi? = 2.82, df = 4 (P = 0.59); I? = 0% f f ' y y
o ul 0.01 0.1 1 10 100
Test for overall effect: Z = 0.32 (P = 0.75) VT IAT
Figure 6: A forest plot for symptomatic ICH in IVT group and IAT group.
IVvT IAT Risk Ratio Risk Ratio
r Subgr: Events Total Events Total Weight M-H, Fix 5% Cl M-H, Fix 5% Cl
Cabral 2016 16 82 6 31 26.6% 1.01[0.43, 2.34]
Ciccone 2009 4 29 5 25 16.4% 0.69[0.21, 2.29] |
Jensen 2016 1 11 4 24 17% 0.55[0.07, 4.33] - =
Mattle 2007 13 57 4 55 124% 3.14[1.09, 9.03] =
Sanak 2010 1 20 2 10 81% 0.25[0.03, 2.44] S
Wolfe 2008 13 41 11 55 28.7% 1.59[0.79, 3.17] T
Total (95% CI) 240 200 100.0%  1.29 [0.86, 1.94] )
Total events 48 32
Heterogeneity: Chiz = 7.08, df = 5 (P = 0.21); I = 29% f t y y
e Y 0.01 0.1 1 10 100
Test for overall effect: Z=1.21 (P = 0.23) VT IAT
Figure 7: A forest plot for mortality in IVT group and IAT group.
IVvT IAT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl 1V, Fixed, 95% Cl
Cabral 2016 16 63 82 19 94 31 19.8% -3.00 [-6.58, 0.58] ]
Ciccone 2009 6 43 29 9 73 25 239% -3.00[-6.26, 0.26] =
Jensen 2016 10 51 11 13 74 24 142% -3.00[-7.22,1.22] T
Sanak 2010 6 54 20 95 135 10 3.4% -3.50[-12.20, 5.20] T
Wolfe 2008 17 56 41 18 72 55 387% -1.00[-3.56, 1.56] =
Total (95% CI) 183 145 100.0% -2.24 [-3.84, -0.65] 4
Heterogeneity: Chi? = 1.49, df = 4 (P = 0.83); I2= 0% t t t y
o a 20 10 0 10 20
Test for overall effect: Z = 2.76 (P = 0.006) VT IAT
Figure 8: A forest plot for sensitivity analysis in symptomatic ICH among IVT and IAT groups.

IAT group (n = 145), (RR = 1.14, 95% CI [0.51, 2.58], P =
0.75; P for Heterogeneity = 0.59, > = 0%).
Meta-analysis of mortality: Meta-analysis regarding
mortality was shown in Figure 7. The mortality in IVT
group (n = 240) showed no significant difference when
compared with IAT group (n = 200), (RR = 1.29, 95% Cl
[0.86,1.94], P=0.23; P for Heterogeneity =0.21, I = 29%).

Sensitivity analysis

plot. The results showed that the funnel plot had good
symmetry and slight publication bias (Figure 9). The
results of Begg’s and Egger’s tests suggested no signifi-
cant evidence of potential publication bias (z=1.47, P =
0.142) and (t = 1.44, P = 0.246).

Discussion

The number of ischemic stroke patients accounted
for 60% to 70% of the total number of stroke patients
[12-14]. Majority of these patients are acute ischemic
stroke patients with sudden onset, rapid progression
and poor prognosis, and require thrombolytic therapy
immediately [15-17].

According to the previous studies, there is a cer-
tain relationship between the prognosis of patients
with acute ischemic stroke and the recanalization of
blood vessels in acute phase. Vascular recanalization
in patients with acute ischemic stroke included arterial
thrombolysis, arteriovenous thrombolysis, intravenous
thrombolysis and mechanical recanalization [18,19].

According to the meta-analysis conducted, hetero-
geneity of NIHSS was moderate (/? = 35%). As shown in
Figure 8, heterogeneity of NIHSS might be attributed to
differences in the results of each study. When the article
of Mattle in 2007 was excluded, then the /was changed
to 0% and the mean difference was changed from -0.89
to -2.24. This indicated that exclusion of this article still
showed stable results.

Bias analysis

Funnel plots of symptomatic ICH in IVT group and
IAT group was conducted. All studies are included in the
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Figure 9: Funnel plot of publication bias.

When considering the efficiency of vascular recanaliza-
tion, mechanical recanalization demonstrated a higher
recanalization rate, but caused more adverse reactions,
and the rate of clinical improvement in patients showed
no significant improvement. Compared with mechanical
recanalization, the recanalization rate of IVT is higher
than that of mechanical recanalization. The recanaliza-
tion rate remained low, but the clinical improvement
rate as well as the incidence of non-reaction was lower
than that of mechanical recanalization. Arterial throm-
bolysis demonstrated safety to a certain extent, and
involves prolonged treatment period. So, the patients
who had lost the opportunity of treatment can be
re-treated with thrombolysis [20,21].

The main complications of thrombolytic therapy in-
cluded ICH, vascular reclusion, ischemia-reperfusion
injury and so on. ICH is the most serious complication
in the treatment of acute cerebral apoplexy. However,
most of the researchers believed that ICH is closely re-
lated to blood-brain barrier injury, open collateral circu-
lation, wall blood exudation and secondary coagulation
dysfunction [22].

In this study, the analysis about complete recanal-
ization showed significant differences. Complete re-
canalization in IAT group was higher than IVT group,
supporting that IAT had better clinical efficacy than IVT.
According to Georgiadis, the prognosis of neurological
function in patients treated with IAT had better results
than those treated with IVT, and this difference might
be due to higher recanalization rate of blood vessels af-
ter IAT treatment than that after IVT treatment [23].

In the secondary outcome of NIHSS, symptomat-
ic ICH and mortality, IVT group showed no significant

difference from that of IAT group. These results were
consistent with the research conducted by Arnold [24].
This might because thrombolytic drugs can selectively
bind to fibrin on the surface of the thrombus, and have
strong specificity and affinity. No matter what the meth-
od is used in the time window, a safe thrombolytic ef-
fect can be obtained.

However, some limitations still existed in this study.
Firstly, heterogeneities among studies were observed.
According to the funnel plots, limited publication bias
still existed. The heterogeneities were mainly attributed
due to the different therapies in patients with ischemic
stroke. Secondly, more studies in different countries
could be analyzed. Thirdly, larger sample studies could
be included. Further investigation should be conducted
with the above discussed limitations in future.

In conclusion, the present study demonstrated that
complete recanalization in IAT was better than that in
IVT group. But no significant difference was observed in
NIHSS after treatment, symptomatic ICH and mortality
rates. Our results suggested that IAT may have better
clinical effects than IVT, while IAT and IVT demonstrated
similar secondary outcomes and safety effects. Howev-
er, our findings should be carefully considered with cau-
tion due to small sample size. Additional studies with
large study population are essential to further confirm
our findings in future.
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