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Endovascular Treatment with Intravenous Thrombolysis
versus Endovascular Treatment Alone for Acute Anterior
Circulation Stroke : A Meta-Analysis of Observational Studies
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Objective : The aim of this study was to determine outcome of ischemic stroke patients in the anterior circulation treated with
endovascular treatment (EVT) with intravenous thrombolysis (IVT) versus EVT alone group.

Methods : A systemic literature review was performed using online database from January 2004 to January 2017. Primary
outcomes were successful recanalization seen on finial angiography and good outcome at three months. Secondary outcomes were
mortality and the development of symptomatic intracranial hemorrhage (S-ICH) after the procedure. A fixed effect model was used
when heterogeneity was less than 50%. Egger’s regression test was used to assess publication bias.

Results : Five studies were included for final analysis. Between EVT with IVT and EVT alone group, successful recanalization (odds
ratio [OR] 1.467, p=0.216), good clinical outcome at three months (OR 1.199, p=0.385), mortality (OR 0.776, p=0.371), and S-ICH (OR
1.820, p=0.280) did not differ significantly. Egger’s regression intercept with 95% confidence interval (Cl) was 1.99 (95% Cl -2.91 to
6.89) in successful recanalization and -0.27 (95% Cl -6.35 to 5.80) in good clinical outcome, respectively.
Conclusion : The two treatment modalities, EVT with IVT and EVT alone, could be comparable in treating acute anterior circulation
stroke. Studies to find specific beneficiary group for EVT alone, without primary IVT, are needed further.
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INTRODUCTION tion”. Nevertheless, the beneficial effect of IVT on EVT out-
come remains inconclusive. Most studies have focused on

The superiority of endovascular treatment (EVT) than treatment outcome through comparative test between medi-
medical treatment including intravenous thrombolysis (IVT) cal and EVT (with or without prior IVT). It has been reported
using recombinant tissue plasminogen activator has been well that patients treated with IVT have better clinical outcomes
documented for large arterial occlusion in anterior circula- than those without IVT”. However, some patients could not
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undergo IVT with recombinant tissue plasminogen activator
due to ineligible clinical circumstances (oral anticoagulant,
malignancy, surgery, and bleeding, etc.) within 4.5 hours of
ischemic symptoms onset. In addition, IVT alone may be less
likely to be effective for patients with heavy clot burden'.
Moreover, EVT becomes more widely available to various
physicians, radiologists, neurosurgeon, and neurologist. Ac-
cordingly, the rationale of EVT with IVT for all patients if
they are eligible for IVT should be evaluated further in acute
ischemic stroke in the era of mechanical thrombectomy. The
aim of our study was to determine whether EVT with IVT
might have better clinical and angiographic outcomes com-

pared to EVT alone.

MATERIALS AND METHODS

Literature search

Medline bibliographic database including PubMed, Em-
base, and the Cochrane Central Register of Controlled trials
in Cochrane Library published between January 2004 and
January 2017 were searched using the following key words :
“ischemic stroke”, “endovascular therapy”, “cerebral infarct”,

» G

. . . . . »5
“intra-venous”, “intra-arterial”, “fibrinolysis™, “thromboly-

» o« » o«

sis”, “thrombectomy’,

I

bridging thrombolysis”, “IV Tpa”,
“hemorrhage”, “embolus”, “eath”, “peri-operative complica-

tions”, and “mortality”.

Selection criteria and data abstraction

This meta-analysis was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Inclusion criteria for this study were :
1) studies that included patients presenting acute ischemic
stroke in the anterior circulation; 2) participants of over 18
years; 3) endovascular treatments such as intra-arterial
thrombolysis using tissue plasminogen activator or urokinase
and mechanical thrombectomy with stent retrieval, Merci re-
triever, or suction devices; 4) endovascular procedures over
10 through common femoral artery were done; 5) clinical in-
formation on angiographic recanalization, outcome, mortali-
ty and complications could be extracted; 6) clear information
on the use of EVT with IVT; and 7) prospective or retrospec-
tive case-controlled studies with quality score over 5 on New-

castle-Ottawa scale. Exclusion criteria were : 1) patients who
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did not show acute ischemic stroke; 2) incomplete data or un-
clear distinction between EVT with IVT and EVT alone
group; 3) review article or case report; 4) outcomes regarding
successful recanalization and clinical status at three months
after the procedures could not be extracted; and 5) study not
written in English”.

Primary outcomes were successful recanalization seen on
finial angiography and good outcome at three months. Sec-
ondary outcomes were mortality and the development of
symptomatic intracranial hemorrhage (S-ICH) after the pro-
cedure. Subgroup analysis compared direct treatment out-
comes between EVT with IVT and EVT alone for patients
who were not contraindicated for IVT. Successful recanaliza-
tion was defined as thrombolysis in cerebral ischemia >2b or
thrombolysis in myocardial infarction grade 2 or 3". Good
clinical outcome was defined when 3-month modified
Rankin scale score was <2. S-ICH was defined as any intrace-
rebral hemorrhage concomitant with an increase of the Na-
tional Institutes of Health Stroke Scale score of at least 4 with-
in 24 hours or resulting in death™. Two authors (J.PJ. and
C.H.K\)) independently evaluated the eligibility of these studies
and extracted data using a uniform standardized form. Dis-
agreement between the two authors was resolved by discus-

sion and consultation with a third author.

Statistical analysis

Cumulative incidence (event rate) and 95% confidence in-
terval (CI) were estimated from each study. Dichotomous
variables are presented as odds ratio (OR) with a 95% CI. Het-
erogeneity was evaluated by using I’ test. If I’ was less than
50%, a fixed effect model was used"’. Publication bias was de-
termined using Egger’s test of the intercept and the rank cor-
relation test of Begg and Mazumdar™"
analysis (CMA) software (CMA v2.2.064, Biostat, Englewood,
NJ, USA) was used for all analyses. Statistical significance was

set at p<0.05.

. Comprehensive meta-

RESULTS

Study selection
A flow chart of detailed processes used for the identification
of relevant studies is shown in Fig. 1. After screening records

and deciding eligibility, five articles were selected for analysis.



:+10,15,19,20
Among them, four studies :

comes between EVT with IVT and EVT alone for patients

compared treatment out-

who were ineligible for IVT. Detailed information of these

studies are summarized in Table 1.
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Fig. 1. Flow chart showing the process used for the identification of
relevant studies.

Table 1. Clinical data of studies included in this meta-analysis

EVT with IVT versus EVT Alone for Acute Stroke | Kim CH, et al.

Comparison of treatment outcomes between
EVT with IVT and EVT alone

A total of five studies with 457 patients compared variables
of successful recanalization, good clinical outcome at three

19)
was ex-

months, mortality, and S-ICH. Of these studies, one
cluded from the analysis of S-ICH because it did not provide
any information for S-ICH. The number of successful recana-
lization was 221 (84.4%) in EVT with IVT and 154 (79.0%) in
EVT alone group. Successful recanalization rate did not differ
significantly according to the use of IVT (OR 1.467, 95% CI
0.799-2.692, p=0.216) (Fig. 2A). EVT with IVT tended to
show better clinical outcome than EVT alone. However, the
difference between the two was not statistically significant
(OR 1.199, 95% CI 0.796—1.805, p=0.385) (Fig. 2B). Mortality
(OR 0.776, 95% CI 0.445-1.353, p=0.371) and S-ICH (OR
1.820, 95% CI 0.614-5.393, p=0.280) did not differ signifi-
cantly either between the two groups (Fig. 2C and D).

Publication bias

In publication bias analysis for comparison of successful re-
canalization between EVT with IVT and EVT alone, Egger’s
regression test revealed an intercept of 1.99 (95% CI -2.91 to
6.89, t=1.29, df=3, two-tailed p=0.29). For rank correlation
test, Kendall’s tau was 0.1 with two-tailed p value of 0.81. Re-
garding good clinical outcome at three months, Egger’s regres-
sion test revealed an intercept of -0.27 (95% CI -6.35 to 5.80,
t=0.14, df=3, two-tailed p=0.48). For rank correlation test,

Center/ Onsettime Total

Age Successful Good

S design Treatment (hours) No. (years) NIHSS recanalization outcome LSlicllZ e E
Sallustio etal. 2013)”  S/Retro EVT with IVT 45 16 64.5 19 6 (100.0%) 7(43.8%) 2(125%) 2 (12.5%)
S/Retro EVTalone 6 30 68.2 18 27/(90.0%) 12(40.0%) 10(33.3%) 3 (10.0%)
Guedinetal. 2015”  S/Retro  EVT with IVT 45 28 692  18*  27(964%) 19(679%)  3(107%) 2 (71%)
S/Retro  EVTalone 6 40 646  15¢  29(72.5%) 21(525%)  7(175%) 2 (5.0%)
Leker etal. (2015)”  S/Retro  EVT with IVT 45 24 668 192* 21 (875%) 10@17%)  3(025%)  2(8.3%)
S/Retro EVTalone 8 33 644 191* 28 (84.8%) 17 (515%) 3 (9.1%) 0
Broeg-Morvay etal.  S/Retro  EVT with IVT 45 156 73 15%  126(80.8%) 71 (455%) 41 (263%) 7 (4.5%)
o16)” S/Retro EVTalone 45 40 77 A7 35@75%) 17(425%)  8(00%)  1(25%)
Rai etal. 2017)"” S/Retro EVT with IVT 45 38 63 18* 31(81.6%) 22(579%) 4 (10.5%) NC
S/Retro EVT alone 45 52 69 16 35(67.3%) 26(500%) 13(250%)  NC

*Indicates median value. NIHSS : National Institutes of Health Stroke Scale, S-ICH : symptomatic intracranial hemorrhage, S : single center, Retro :
retrospective studies, EVT : endovascular treatment, IVT : intravenous thrombolysis, NC : no comment
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Heterogeneity : x>=0.975, df=3 (p=0.807); 1°=0.000%

Study name Events/total Statistics for each study Odds ratio and 95% ClI
EVT Odds Lower Upper
EVT+IVT  alone ratio limit limit Z-value  p-value
Sallustio et al. (2013 16/16 27/30 4.200 0.204  86.529 0.930 0.353
Guedin et al. (2015)% 27/28 29/40  10.241 1.238  84.740 2.158 0.031
Leker et al. (2015) 21/24 28/33 1.250 0.268 5.826 0.284 0.776
Broeg-Morvay etal. (2016)Y 126/156  35/40  0.600 0217  1.661  -0.983  0.325
Rai et al. (2017)") 31/38 35/52 2.151 0.788 5.872 1.495 0.135
1.467 0.799 2.692 1.236 0.216
0.01 0.1 1 10 100
Heterogeneity : x?=7.275; df=4 (p=0.122); 1’=45.014%
@ Test for overall effect : Z=1.236 (p=0.216) Favors EVT alone Favours EVT with IVT
Study name Events/total Statistics for each study Odds ratio and 95% Cl
EVT Odds Lower  Upper
EVT+IVT  alone ratio limit limit Z-value  p-value
Sallustio et al. (20132 7/16 12/30 1.167 0.342 3.985 0.246 0.806
Guedin et al. (2015)1 19/28 21/40 1.910 0.698 5.299 1.259 0.208
Leker et al. (2015)" 10/24 17/33 0.672 0.233 1.941 -0.734 0.463
Broeg-Morvay et al. (2016))  71/156 17/40  1.130 0.560 2.279 0.342 0.733
Rai et al. (2017)' 22/38 26/52 1.375 0.592 3.194 0.741 0.459
1.199 0.796 1.805 0.869 0.385
0.01 0.1 1 10 100
Heterogeneity : x’=2.096, df=4 (p=0.718); 1’=0.000%
Test for overall effect : Z=0.869 (p=0.385) ns0615 Favors EVT alone Favours EVT with IVT
Study name Events/total Statistics for each study Odds ratio and 95% Cl
EVT Odds Lower  Upper
EVT+IVT  alone ratio limit limit Z-value  p-value
Sallustio et al. (2013)% 2/16 10/30 0.286 0.054 1.510 -1.475 0.140
Guedin et al. (2015)1 3/28 7/40 0.566 0.133 2.409 -0.771 0.441
Leker et al. (2015)* 3/24 3/33 1.429 0.262 7.778 0.413 0.680
Broeg-Morvay et al. (2016)) 41/156 8/40 1.426  0.608 3.346 0.816 0.415
Rai et al. (2017) 438 13/52 0353 0105 1185  -1.685 0.092
0.776 0.445 1.353 -0.894 0.371
0.01 0.1 1 10 100
Heterogeneity : x’=5.646; df=4 (p=0.227); 1’=29.149%
@ Test for overall effect : Z=-0.894 (p=0.371) Favors EVT with IVT Favours EVT alone
Study name Events/total Statistics for each study Odds ratio and 95% ClI
EVT Odds  Lower Upper
EVT+IVT  alone  ratio limit limit Z-value  p-value
Sallustio et al. (2013) 2/16 3/30 1.286 0.192 8.164 0.259 0.796
Guedin et al. (2015)!9 2/28 2/40 1.462 0.193 11.045 0.368 0.713
Leker et al. (2015)!9 2/24 0/33 7.444 0341 162466  1.276  0.202
Broeg-Morvay et al. (2016)°  7/156 1/40 1.832 0.219 15.337 0.559 0.576
1.820 0.614 5.393 1.081 0.280

0.01 0.1 1 10 100

Test for overall effect : Z=1.081 (p=0.280) Favours EVT with IVT  Favors EVT alone

©

Fig. 2. Comparison of treatment outcomes between endovascular treatment (EVT) with intravenous thrombolysis (IVT) and EVT alone in terms of
successful recanalization rate (A), good clinical outcomes at three months (B), mortality (C), and symptomatic intracranial hemorrhage (D). Cl :
confidence interval.
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Kendall’s tau was 0 with two-tailed p value of 1.00. Accord-
ingly, there was no evidence of publication bias in these com-
parisons. Funnel plot asymmetry was not noted on compari-

sons either (data now shown).

DISCUSSION

Whether prior IVT attributes to clinical improvement and
facilitates EVT procedures remains unclear”. According to
Dévalos et al.”, EVT with IVT has better outcome than EVT
alone group using Solitaire FR (ev3-Covidien, Irvine, CA,
USA) (66% vs. 42%, p<0.01). However, there is no significant
difference in successful recanalization rate (86.5% vs. 83.6%)
or S-ICH (3.0% vs. 4.5%). Guedin et al."” have shown that
EVT with IVT has higher complete recanalization rate (85.7%
vs. 55.0%) and better clinical outcomes (67.9% vs. 52.5%) than
EVT alone with significant decrease in time from groin punc-

-
” have

ture to maximal recanalization (p=0.043). Maier et al.
also disclosed that EVT with IVT tends to have better clinical
outcome (47.3% vs. 25%, p=0.06) and successful recanaliza-
tion (72.8% vs. 53.6%, p=0.099) than EVT alone without sig-
nificant difference in the time from groin to recanalization
(mean time, 54 minutes vs. 50 minutes; p=0.657). On the con-
trary, Sallustio et al.*” have shown that EVT alone (40%) and
EVT with IVT (43%) have similar good outcome at three

21
" have also demon-

months after the procedure. Weber et al.
strated that successful recanalization rate (73.8% in EVT with
IVT vs. 73.1% in EVT alone; p=0.95), good outcome (35.2% in
EVT with IVT vs. 40.0% in EVT alone; p=0.44), and the
number of passes of thrombectomy devices (median, 1 in
EVT with IVT vs. 2 in EVT alone; p=0.90) are not significant-
ly different between the two groups. Our meta-analysis also
revealed that successful recanalization, mortality and S-ICH
did not differ significantly according to prior IVT. Good clini-
cal outcome at three months was observed more in patients
treated with EVT with IVT than that in EV'T alone. However,
the difference between the two was not statistically signifi-
cant. Selection bias due to treatment indication of EVT can be
a limitation when interpreting results. Most EVT are per-
formed for patients who are not indicated for IVT*”. In par-
ticular, different indication criteria of ischemic symptom on-
set time (up to 4.5 hours in EVT with IVT vs. up to eight
hours in EVT alone”) could attribute to clinical outcomes.

EVT with IVT versus EVT Alone for Acute Stroke | Kim CH, et al.

3,13,19,21)

After literature review, four studies™ ™~ compared treatment

outcomes between EVT with IVT and EVT alone group for
patients within 4.5 hours of ischemic symptoms. Rai et al.”
have reported that differences in recanalization rate (81.6% in
EVT with IVT vs. 81% in EVT alone, p=0.93), good outcome
(58% in EVT with IVT vs. 54% in EVT alone, p=0.75) and
mortality rate (10.5% in EVT with IVT vs. 19.2% in EVT
alone, p=0.33) are not statistically significant. Kass-Hout et
al.” have also reported that there is no significant difference
in successful recanalization rate (83.3% in EVT with IVT vs.
79.0% in EVT alone, p=0.59), good outcome (37.5% in EVT
with IVT vs. 34.5% in EVT alone, p=0.64), mortality (19.0%
in EVT with IVT vs. 29.0% in EVT alone, p=0.56), or S-ICH
(11.9% in EVT with IVT vs. 9.7% in EVT alone, p=0.75), al-
though time to recanalization appears to be shorter in EVT
with IVT (mean, 65.7 minutes) compared to that in EVT alone
(mean, 74.6 minutes) (p=0.29). Although the EV'T alone group
included patients within therapeutic time window of 4.5
hours, EVT was also performed for patients who had contra-
indication to IVT such as recent stroke, hemorrhage, anti-co-
agulation, and metastatic cancer etc""”. In addition, EVT was
performed after failure of IVT". Accordingly, accurate effect
of IVT on EVT outcome cannot be obtained. Broeg-Morvay
et al.” have compared treatment outcomes between EV'T with
IVT and EVT alone for patients qualified for IVT. Time from
symptom onset to endovascular thrombolysis was significant-
ly shortened in direct EVT alone compared to that in EVT
with IVT group (mean, 3.81 hours vs. 4.37 hours; p=0.01). Af-
ter propensity score matching with multivariate analysis, EVT
alone groups had significantly lower mortality rate compared
to EVT with IVT (20% in EVT alone vs. 47.5% in EVT with
IVT). However, successful recanalization rate, S-ICH, and
good clinical outcome did not differ significantly between the
two groups. Weber et al.”” have reported that EVT alone
group had higher good outcome rate (48.6%) for patients eli-
gible for IVT than the EVT with IVT group (35.2%). Proce-
dural complications such as emboli in further vessel territo-
ries, arterial dissection and SAH did not differ significantly
between the two groups. Our meta-analysis revealed that EVT
with IVT and EVT alone groups did not differ significantly in
successful recanalization (OR 0.797, p=0.435), good clinical
outcome (OR 0.773, p=0.275), mortality (OR 1.185, p=0.534),
or S-ICH (OR 1.973, p=0.303). Accordingly, EVT alone seems
to be as effective as EVT with IVT for acute anterior circula-
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tion stroke within therapeutic time window.

Clot location could be a confounding factor to assess treat-
ment outcome. Kaesmacher and Kleine'” have examined the
effect of IVT on EVT outcome according to clot location
(proximal vs. distal middle cerebral artery [MCA]). In their
study, beneficial effect of EVT with IVT was evident only in
distal MCA occlusion. IVT significantly increased complete
recanalization (OR 4.5, p=0.006) for distal MCA, but not for
proximal MCA occlusion (OR 1.3, p=0.619). It also signifi-
cantly improved neurological outcome (OR 2.4, p=0.047).
First-pass rate in EVT with IVT appears to be higher in pa-
tients with distal MCA (OR 2.4, p=0.082) than that in patients
with proximal MCA occlusion (OR 1.6, p=0.375). They con-
cluded that IVT promoted thrombectomy effect on distal
MCA occlusion with small clinical benefit as overall net effect.
Accordingly, further studies are needed to determine the ef-
fect of EVT with IVT according to clot location.

This study has some limitations. First, the present study
could not provide direct evidence for primary EVT as the first
therapeutic option for all ischemic stroke patients eligible for
IVT because some patients (approximately 46%) have recov-
ered well with IVT'. In addition, four out of five enrolled
studies defined EVT alone group as the patients who had con-
traindication to IVT. Second, inherent selection bias originat-
ing from clinical characteristics such as onset to door time,
advanced age, anticoagulation status, and comorbid diseases
as well as retrospective nature of the enrolled studies might
have affected results. In clinical circumstances, there might be
a delay in treatment of EVT with IVT compared to EVT
alone, particular when large artery occlusion was present. Re-
cently, stent retrieval thrombectomy” and direct aspiration of
thrombus using high-trackable large-bore aspiration cathe-
ters™” have shown efficacy for larger artery occlusion with low
complication rates. Accordingly, further randomized prospec-
tive controlled studies are needed to compare treatment effi-
cacy between primary EVT and EVT with IVT considering
occlusion site, particularly for patients who are highly resistant

to IVT to obtain more specific indications.

CONCLUSION

Our meta-analysis showed that EVT with IVT and EVT

alone could be comparable for the treatment of acute anterior
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circulation stroke. Interventionist would consider EVT as the
first line therapy for acute ischemic stroke patients who were
ineligible for IVT without delay. Further studies to find spe-
cific beneficiary group for EVT alone should be performed.
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