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Objectives: Intravenous thrombolysis (IVT) is recommended in patients with ischemic stroke in the anterior and
posterior circulation. Neurological outcomes due to posterior circulation strokes (PCS) without treatment remain
poor. Our aim was to overview the literature on outcomes of IVT and conservative treatment in PCS, based on a
systematic review and meta-analysis.

Methods: A systematic literature search was performed on February 27th 2023. Outcome measures included
favorable functional outcome at 90 days (modified Rankin Scale [mRS] 0-2), mortality at 90 days, and symp-
tomatic intracranial hemorrhages (sICH). Weighted averages with DerSimonian-Laird approach was used to
analyze the data. Subgroup analyses by time window were performed: standard time window (<4.5 hours after
symptom onset) and extended time window (>4.5 hours). Analyses were performed using R.

Results: Eight prospective and four retrospective cohort studies were included (n = 1589 patients); no studies
with conservative treatment were eligible. The pooled weighted probability regarding favorable functional
outcome after IVT was 63 % (95 %CI:0.45-0.78), for mortality 19 % (95 %CI:0.11-0.30), and for sICH 4 % (95 %
CI:0.02-0.07). Subgroup analyses showed higher probabilities on achieving favorable functional outcomes for
patients treated in the standard (77 %; 95 %CI:0.62-0.88) compared to the extended time window (38 %; 95 %
CI:0.29-0.48) with RR = 1.93 (95 %CI:1.66-2.24). Lower probabilities regarding mortality at 90 days and sICH
were seen in patients treated in standard compared to extended time window (RR = 0.42, 95 %CI:0.34-0.51 and
RR = 0.27, 95 %CI:0.16-0.45, respectively).

Conclusions: IVT in patients with PCS seems to be safe and effective in standard and extended time window. The
effect of IVT is higher in the standard time window.

Introduction occlusions (BAOs) represent 5-10 % of all strokes and carry a very high

mortality rate, up to 90 % if untreated.’*°

Ischemic strokes in the posterior circulation occur approximately in
20 % of all stroke cases.' Posterior circulation strokes (PCS) include
occlusions in the vertebral, basilar, posterior cerebral artery (PCA), and
their side branches.>® Mortality rates vary from 7 % up to 90 %,
depending on the location of the occlusion.”” Acute basilar artery

Intravenous thrombolysis (IVT) with recombinant tissue plasmin-
ogen activator (rtPA, alteplase) is safe and effective in patients with an
acute ischemic stroke (AIS) in the anterior circulation. IVT is recom-
mended within 4.5 hours after start of stroke symptoms,® but it has been
shown that selected patients with unknown stroke onset time or if stroke

* Corresponding author at: Maastricht University Medical Center+, Department of Radiology and Nuclear medicine, P. Debyelaan 25, 6229HX, Maastricht, the

Netherlands.
E-mail address: robrecht.knapen@mumc.nl (R.R.M.M. Knapen).
1 These authors have contributed equally to this work.

https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107641

Received 8 December 2023; Received in revised form 6 February 2024; Accepted 18 February 2024

Available online 21 February 2024

1052-3057/© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:robrecht.knapen@mumc.nl
www.sciencedirect.com/science/journal/10523057
https://www.elsevier.com/locate/jstroke
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107641
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107641
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107641
http://creativecommons.org/licenses/by/4.0/

R.R.M.M. Knapen et al.

symptoms started beyond 4.5 hours may also benefit from IVT.%!’
Endovascular treatment (EVT) is the therapy of choice in AIS patients
with large vessel occlusions (LVO).!" Additional value of IVT prior to
EVT in patients with LVO was extensively debated over the last years
leading to reassuring results of non-omitting IVT prior EVT unless there
are contraindications for IVT.'*!?

Although EVT has been proven to be effective and safe in BAO pa-
tients by the ATTENTION and BAOCHE Trial, the BASICS trial failed to
prove the effectiveness of EVT in BAO patients.'*'® A potential expla-
nation was the high administration rate of IVT in the control arm
compared to the ATTENTION and BAOCHE Trial. This raised the ques-
tion about the effect of IVT only in PCS.

To provide a better overview of literature and outcomes, we per-
formed a systematic review and meta-analysis of IVT and conservative
treatment in PCS patients. We aimed to perform a direct comparison
between both groups, however, this was not possible because of the
incomplete data.

Methodology
This systematic review and meta-analysis is conducted in strict
accordance with the Preferred Reporting Items for Systematic Reviews

and Meta-Analysis (PRISMA) guidelines.l7 Data are available on
reasonable request.

Search & selection strategy

A literature search was performed in two electronic databases
(MEDLINE [through PubMed] and Embase) on published data up to 27
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February 2023 (by RRMMK). The search query included the following
terms: “Basilar artery”, “Posterior circulation”, “Stroke”, “Brain
ischemia”, “Intravenous thrombolysis”, “Tissue Plasminogen Activator”,
“Treatment outcome”, “Modified Rankin Scale”, “Randomized
Controlled Trial”, and “Cohort studies”, which were combined using
Boolean operators. The search strategy for each database is provided in
the Supplemental Material (Supplemental appendix 1,2). After
removing duplicates (in Endnote X9, Thompson Reuters, Philadelphia),
all titles and abstract were screened for eligibility (Fig. 1).

Eligibility criteria

All titles and abstracts were screened independently by two authors
(RRMMK and SF) for full-text evaluation. Studies were eligible if the
following inclusion criteria were met: randomized controlled trials
(RCTs) or cohort studies involving humans; patients with PCS; patients
treated with IVT, without EVT. When no consensus was reached, a third
author decided on eligibility (WHvZ). When studies used different
clinical outcome measures or data were not provided in a way com-
parison was possible, studies were excluded from this systematic review.
Since this systematic review and meta-analysis focused on the use of
IVT, studies were excluded when no clear distinction was made between
patients treated with IVT only and with IVT plus EVT.

Data extraction
Data were extracted and combined in one uniform data sheet by two

authors (RRMMK and SF). When studies used data from the same reg-
istry, data from the largest study were extracted. The extracted data

[ Identification of studies via databases and registers ]
)
c
-§ Records identified up to Record_s rgmoved belore
S 27-February-2023 from: Seleeliig.
= = ’ —> Duplicate records removed
E=] PubMed (n = 632) (n = 329)
% Embase (n = 1321)
S
—
A 4
)
Records screened Records excluded
—>
(n=1624) (n=1531)
2 v
5
[ Reports assessed for eligibility
{,',’ (n=93) »
Reports excluded because of
meeting at least 1 exclusion
criteria (n = 81)
—
v
)
b Studies included in review
°
= (n=12)
o
=
—

Fig. 1. Flowchart of included studies.
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contained the following variables from each study: first author, year,
study type, ethnicity, years of inclusions, age, sex, arterial hypertension,
atrial fibrillation, National Institutes of Health Stroke Scale (NIHSS) at
admission, time between stroke onset and needle placement, mortality
at 90 days, modified Rankin Scores (mRS) at 90 days, symptomatic
intracranial hemorrhage (sICH) rates, and recanalization rates.

Outcome measurements

The following outcome measurements were considered: good func-
tional outcome (defined as mRS score 0-2) and favorable functional
outcome (defined as mRS score 0-3) at 90 days, mortality at 90 days,
sICH rates, and successful recanalization rates (see Table S1 for the
definitions of successful recanalization).

Risk of bias assessment

Two authors (RRMMK and SF) assessed the included studies inde-
pendently for Risk of Bias, using the Newcastle-Ottawa Scale for cohort
studies.'® When no consensus was reached, a third independent author
was asked (WHvZ). All studies were scored on 8 items, divided into three
domains:' Selection,? Comparability, and® Outcome. One point for every
item, except for the comparability item, which can be given 2 points
(Table S2).

Data analysis

Study characteristics are described using descriptive statistics. An
assessment was made to identify if a meta-analysis could be performed.
When necessary, data were transformed from median to mean and from
interquartile range [IQR] to standard deviation (SD), using the method
described by Cochrane.'” To calculate the mean with SD, we assumed
normally distributed data, therefore median was equal to mean. The IQR
was transformed into SD by dividing the IQR by 1.35, as about 50 % of
all observations in a normal distributed variable fall between the mean
minus and plus 1 SD. If necessary, multiple means and standard de-
viations within studies were pooled.

A random-effects model with DerSimonian-Laird approach was used
to pool results from the included studies as we anticipated substantial
heterogeneity between the studies and the patient populations they
recruited. Heterogeneity was quantified as Higgin’s I statistic; a I2 value
of 50-75 % was considered as moderate heterogeneity and more than 75
% as high heterogeneity. Results from the random-effect models are
presented including their 95 % confidence interval (CI) and visualized
using forest plots. All analyses were performed using R (Version 4.1.2)
and the alpha was set at 5 %.

Subgroup analysis

We performed a subgroup analysis by treatment time window
(standard versus extended time window) on study-level. Standard win-
dow was defined as patients treated within 4.5 hours after symptoms
onset, and extended time window as treated after 4.5 hours with a
maximum up to 48 hours. When IVT was recommended within 4.5
hours, but the mean duration was more than 4.5 hours, the study was
placed in the extended time window. To calculate the risk ratios (RR)
between the groups, we pooled the raw data of the studies and used the
inverse variance method. Secondly, a sensitivity analysis was performed
in which the same outcome measures were analysed in patients with
only a BAO. Similar forest plots were made as for our main analyses.

Results
A total of 1933 articles were extracted. After removal of the dupli-

cates, 1624 studies were screened. A total of 93 articles were selected for
full-text review, twelve articles met the inclusion criteria and were
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included (Fig. 1).20-31 Table S1 shows the study characteristics and
patient’s characteristics. Four studies collected data retro-
spectively?’?° 2% and eight prospectively.’%?? 2529 3! The risk of bias
assessment of the twelve included cohort studies is reported in Table S2
with eight studies revealing high quality.?? 2242730 six cohort studies
or case-series of conservatively treated patients were excluded because
different clinical outcome measures were used, and data were not suit-
able for analysis, making direct comparisons between patients treated
with IVT and without IVT impossible.>* >’

A total of 1658 patients were included in the meta-analysis. The
mean age was 67.3 years, and 602 (37.9 %) patients were female. In
seven studies (n = 1286) patients were treated within 4.5 hours after
symptoms onset,’%?32526,28,29.31 The overall pooled mean time from
stroke onset to treatment was 220.2 minutes (95 %CIl:167.9-288.7)
(Fig. 2).

Good functional outcome (mRS 0-2) at 90 days

Nine studies (n = 1264 patients) reported good functional outcome
rates (mRS 0-2) at 90 days.z“’22 24,26-30 The gverall pooled probability of
good functional outcome after treatment with IVT was 63 % (95 %
CI:0.45-0.78) (Fig. 3A), but heterogeneity between the pooled studies
was high (® = 94 %). Standard time window was favoured over
extended time window regarding good functional outcome (RR = 1.93;
95 %CI: 1.66-2.24), showing a higher pooled proportion of 77 % (95 %
CI:0.62-0.88; I? = 89 %) compared to the extended time window treated
patients (38 %; 95 %CI:0.29-0.48; I? = 63 %).

Favorable functional outcome (mRS 0-3) at 90 days

Only two studies,”>?* both extended time window studies, reported
favorable outcome (mRS 0-3) at 90 days as outcome measure. A total of
222 patients were included, 88 patients had a mRS of 0-3 after 90 days
follow-up (Fig. 3B). The overall pooled proportion was 34 % (95 %
CI:0.17-0.56; 12 = 58 %).

Mortality at 90 days

The mortality at 90 days was presented in ten studies (n = 1293
patients) (Fig. 3().20-2426,27,29-31 A total of 269 patients (19 %) died
within 3 months. Standard time window treatment resulted in lower
mortality rates compared to extended time window treatment (RR =
0.42; 95 %CIL:0.34-0.51) with a pooled probability of 12 % (95 %
CI:0.08-0.19; 1> = 74 %) compared to 36 % (95 %CL:0.30-0.43; 1> = 55
%), respectively.

Symptomatic intracranial hemorrhage

Eleven studies (n = 1527 patients) presented the sICH rate-
5,20-22:24-31 with an overall pooled proportion of 4 % (95 %CI:0.02-0.07;
2 =73 %) (Fig. 4A). The random effects model showed lower pro-
portions of sICH in standard time window treated patients (3 %, 95 %
CL:0.02-0.04; I = 10 %) compared to extended time window patients (7
%, 95 %CI:0.04-0.13; I? = 28 %), resulting in lower risk ratio for patients
treated in standard time window (RR = 0.27; 95 %CI:0.16-0.45).

Successful recanalization

Three extended time window studies and one standard time window
study (n = 335 patients) reported successful recanalization
rates.”>?1?%28  Analysis showed a pooled proportion of successful
recanalization of 62 % (95 %CI:0.55-0.75) in the standard time window
and 61 % (95 %CI:0.55-0.67) in the extended time window (Fig. 4B).
The risk ratio for higher successful recanalization rates for patients
treated in the standard time window compared to the extended time
window was RR = 1.07 (95 %CI:0.89-1.27).
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Study Total Onset to IVT Mean [95%-Cl] SD Weight
Dias et al. 2017 15 —— 275.0 [217.5; 347.7]1 127.4  9.5%
Yan et al. 2022 91 - - 295.0 [254.0; 342.7] 215.0 9.9%
Ritvonen et al. 2021 207 —l— 435.0 [361.2; 523.8] 593.3 9.8%
Macha et al. 2021 38 : —i— 450.0 [373.3; 542.4] 264.4 9.8%
351 P 355.9 [277.4; 456.4] 38.9%

Yang et al. 2016 153 167.0 [165.0; 169.0] 12.6 10.2%
Forster et al. 2011 30 156.2 [148.1; 164.7] 23.2 10.2%
Zhu et al. 2020 112 ) 134.0 [122.1; 147.1] 67.4 10.1%
Keselman et al. 2020 753 155.0 [150.3; 159.8] 66.7 10.2%
Sarikaya et al. 2011 95 169.0 [158.4; 180.3] 54.5 10.2%
Huang et al. 2019 95 - 199.0 [184.0; 215.3] 77.8 10.1%
1238 < 162.4 [147.1; 179.2] 61.1%

Overall 1589 _ 100.0%

[ T T

T

220.2 [167.9; 288.7]
T 1

100 200 300 400 500 600

Heterogeneity: 1% =97%, p <0.01
Random-effects DerSimonian-Laird model

Fig. 2. Forest plots of pooled average onset to intravenous thrombolysis time.

BAOs

In total three studies (n = 313 patients) included only BAQs.2%21:24
All three studies were extended time window studies with a pooled
average onset to IVT time of 328.9 minutes (95 %CI:249.1-434.3; ’=85
%) (Fig. 5A). The favorable functional outcome at 90 days pooled pro-
portion was 34 % (95 %CI:0.17-0.56; 12 = 58 %) (Fig. 5C), for mortality
at 90 days it was 39 % (95 %CI:0.33-0.44; 2 = 0 %) (Fig. 5D), and for
sICH 9 % (95 %CI:0.05-0.15) (Fig. 5E).

Discussion

We conducted a systematic review and meta-analysis of IVT in PCS
patients to overview the efficacy and safety of IVT, since no direct
comparison was possible with conservative treated PCS patients. Addi-
tionally, a subgroup analysis comparing standard versus extended time
window was performed, as well as a sensitivity analysis with only BAO
studies. Treatment in the standard time window resulted in higher rates
of good and favorable functional outcome compared to the extended
time window. Mortality at 90 days and sICH rates were also more
favorable for patients treated with IVT in the standard window
compared to extended time window. Since all three BAO-only studies
were in the extended time window, the results of the BAO sensitivity
analyses were comparable to the extended time window in PCS of our
main analyses.

Natural history of PCA and side branches occlusion strokes are
assumed to be less severe compared to BAOs strokes, with mortality
rates up to 11 % and 7 % respectively, when treated conservatively.®’
One large cohort (n = 282) study showed independency at 3 months in
69 % of the patients with side branches occlusion strokes, and one study
showed a mRS <2 at 6 months in 56 % of the PCA stroke patients.”*
Since our mRS 0-2 rate is 63 %, which is comparable, one may assume
that the treatment effect if IVT is of limited added value when there is
only an occlusion in the side branches or in the PCA.

BAOs present with different clinical symptoms and result in higher
mortality and morbidity rates.®* " Most literature show mortality and
morbidity rates of over 70 %."**?** When no recanalization is reached
in BAO patients, they have approximately 2 % probability of achieving

good functional outcome (mRS 0-2).*>* Literature on conservative
treatment in patients with BAO is scarce and inconsistent. Schonewille
et al. reported a mortality rate of 40 %, and favorable functional
outcome of 21 % (mRS 0-3) in 82 conservatively treated patients with
BAO.?? Two observational studies showed higher rates of minor deficit
in BAO patients treated conservatively (71 % (n = 87) and 71 % (n =
61), respectively), but in a highly selected group of patients, with and
without complete occlusions, and with different definitions of clinical
outcome.*>** Another study (included in this meta-analysis), compared
IVT only, EVT only, and conservatively treated BAO patients.”’ Mor-
tality in conservatively treated patients was 84 % and a mRS of 0-3 was
achieved in only 7 %. However, it needs to be mentioned that a selection
bias cannot be ruled out, as all patients were treated in the extended
time window and showed more ischemia at baseline (posterior circu-
lation Alberta Stroke Programme Early CT Score (pc-ASPECTS) <8). The
BAO subgroup analysis in our meta-analysis showed a lower mortality
rate of 39 %, and a higher mRS 0-3 rate (34 %) compared to above
mentioned literature, suggesting efficacy of IVT treatment only in BAO,
but power was lacking to draw solid conclusions.

When comparing outcomes of best medical management (BMM)
(which includes IVT when indicated) and EVT combined with IVT, the
ATTENTION and BAOCHE trials concluded efficacy of EVT plus BMM in
BAO patients compared to BMM only.'*'® The BASICS trial could not
show this efficacy of EVT in BAO patients.'® In the BASICS trial, IVT was
administered in nearly 80 % of patients in the BMM group, while this
rate was only 30 % and 17 % in the ATTENTION and BAOCHE trials.
This may suggest that the high mRS 0-3 rate in the BASICS (38 %), when
compared to the ATTENTION (23 %) and BAOCHE (24 %), could have
been the effect of IVT, at least partially. Additionally, a recent systematic
review observed lower mortality probabilities in BAO patients treated
with EVT compared to IVT (31.4 % versus 43.2 %, P = .008), but
comparable good functional outcomes (mRS 0-2: 35.2 % versus 31.6 %,
P = .36).%° The high rate of mortality in the IVT group (43.2 %), is
comparable to the mortality rate of 38 % observed in our meta-analysis,
underlining the severity of BAO occlusions. The same applies to the good
functional outcome, with 31.6 % of the patients achieving a mRS 0-2
after IVT in the review, compared to 35 % in our sensitivity analysis.
However, the systematic review does not differentiate on time windows.
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A
Study Events Total mRS 0-2 at 90 days Proportion [95%-CI] Weight
Yan et al. 2022 37 88 —— 0.42[0.32;0.53] 11.6%
Ritvonen et al. 2021 63 207 L = g 0.30[0.24; 0.37] 11.8%
Macha et al. 2021 11 33 —— 0.33[0.18;0.52] 10.7%
Breuer et al. 2011 12 21 —— 0.57 [0.34; 0.78] 10.3%
349 - 0.38 [0.29; 0.48] 44.4%
Yang et al. 2016 100 153 —-— 0.65[0.57;0.73] 11.7%
Taha et al. 2021 45 48 : —i 0.94[0.83;0.99] 9.1%
Zhu et al. 2020 96 110 : i 0.87[0.80; 0.93] 11.2%
Keselman et al. 2020 312 509 L 0.61[0.57;0.66] 12.0%
Huang et al. 2019 68 95 - 0.72[0.61;0.80] 11.5%
915 _— 0.77 [0.62; 0.88] 55.6%
Random effects model 1264 — 0.63 [0.45; 0.78] 100.0%
[ I I I I 1
0O 02 04 06 08 1

Heterogeneity: 12 = 94%, p <0.01
Random-effects DerSimonian-Laird model

gt.udy Events Total mRS 0-3 at 90 days Proportion [95%-CI] Weight

Dias et al. 2017 3 15 ——— 0.20[0.04; 0.48] 31.1%

Ritvonen et al. 2021 85 207 —-— 0.41[0.34; 0.48] 68.9%

Random effects model 222 : ]<l> : : 0.34 [0.17; 0.56] 100.0%
0 02 04 06 038 1

Heterogeneity: 1?=58%, p=0.12
Random-effects DerSimonian-Laird model

C.
Study Events Total Mortality at 90 days Proportion [95%-Cl] Weight
Dias et al. 2017 7 15 L 0.47[0.21;0.73]  9.6%
Yan et al. 2022 31 88 o —l— 0.35[0.25; 0.46] 12.3%
Ritvonen et al. 2021 82 207 : —— 0.40[0.33; 0.47] 12.8%
Macha et al. 2021 8 34 —— 0.24[0.11; 0.41] 10.7%
Breuer et al. 2011 0 21m— 0.00[0.00; 0.16]  3.5%
365 : e 0.36 [0.30; 0.43] 48.9%
Yang et al. 2016 27 151 - 0.18[0.12; 0.25] 12.4%
Taha et al. 2021 0 48m— : 0.00[0.00; 0.07] 3.5%
Zhu et al. 2020 9 110 - : 0.08[0.04; 0.15] 11.3%
Keselman et al. 2020 97 525 : 3 0.18[0.15; 0.22] 12.9%
Sarikaya et al. 2011 8 94 ——: 0.09[0.04; 0.16] 11.1%
928 — 0.12[0.08; 0.19] 51.1%
Random effects model 1293 _ 0.19 [0.11; 0.30] 100.0%
[ T I T T I 1
0 01 02 03 04 05 06

Heterogeneity: 12 = 89%, p <0.01
Random-effects DerSimonian-Laird model

Fig. 3. Forest plots of pooled proportions of clinical outcomes. A. Modified Rankin Scale 0-2 at 90 days. B. Modified Rankin Scale 0-3 at 90 days. C. Mortality at

90 days.

The comparable results in IVT treated patients may suggest a benefit of
giving IVT in BAO patients compared to conservatively treated patients.
The question remains whether IVT prior to EVT is of any added value or
can be omitted, depending on the time window.

Our review and meta-analysis has several limitations. First, the

inclusion of prospective and retrospective cohort studies with high
heterogeneity, and without RCT’s may have led to selection bias. Until
now, no RCT’s are performed on the effectiveness of IVT as treatment
alone in the posterior circulation, and future trials are not to be expected
due to loss of equipoise by most physicians. Additionally, a patient level
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A
Study Events Total siCH Proportion [95%-CI] Weight
Dias et al. 2017 0 15m= : 0.00[0.00; 0.22] 3.1%
Yan et al. 2022 6 91 ——— 0.07 [0.02; 0.14] 13.0%
Ritvonen et al. 2021 24 206 : —i— 0.12[0.08;0.17] 16.7%
Macha et al. 2021 1 38 —8—— 0.03[0.00; 0.14] 5.3%
Breuer et al. 2011 21= : 0.00[0.00; 0.16] 3.1%
371 —— 0.07 [0.04; 0.13] 41.1%
Yang et al. 2016 4 153 —— 0.03[0.01; 0.07] 11.4%
Forster et al. 2011 1 30 —= 0.03[0.00; 0.17] 5.3%
Zhu et al. 2020 5 112 —il—— 0.04[0.01; 0.10] 12.3%
Keselman et al. 2020 12 673 0.02[0.01;0.03] 15.4%
Sarikaya et al. 2011 0 93— 0.00[0.00; 0.04] 3.1%
Huang et al. 2019 4 95 —W— 0.04 [0.01;0.10] 11.4%
1156 <> 0.03 [0.02; 0.04] 58.9%
Random effects model 1527 <= 0.04 [0.02; 0.07] 100.0%
I T | T 1
0 0.05 0.1 0.15 0.2
Heterogeneity: 12=73%, p <0.01
Random-effects DerSimonian-Laird model
B.
Study Events Total Successful recanalization Proportion [95%-Cl] Weight
Dias et al. 2017 6 15 — 0.40[0.16;0.68] 4.6%
Yan et al. 2022 44 72 —u— 0.61[0.49;0.72] 22.0%
Ritvonen et al. 2021 97 153 i 0.63[0.55;0.71] 45.7%
240 > 0.61 [0.55; 0.67] 72.3%
Huang et al. 2019 62 95 —l— 0.65[0.55;0.75] 27.7%
Random effects model 335 < 0.62 [0.57; 0.67] 100.0%
I T T T | |
0 02 04 06 038 1

Heterogeneity: 12=13%, p =0.33
Randome-effects DerSimonian-Laird model

Fig. 4. Forest plots of pooled proportions. A. Symptomatic intracranial hemorrhages. B. Successful recanalization.

meta-analysis may reduce the heterogeneity, since a distinction would
be possibly based on the occlusion location. Unfortunately, the data
were not suitable for such analysis. Second, the lack of a comparator
group of patients treated without IVT precludes direct comparison with
patients with IVT treatment. Our literature search found some cohort
studies or case-series of patients with posterior large vessel occlusions
treated without IVT and EVT.*?° Unfortunately, these studies used
different clinical outcome measures and data were not provided in same
outcome measurements, making these data unsuitable for comparison.
Third, it is known that patients with extensive ischemia (defined as
pc-ASPECTS <8) at baseline have higher chances of poor outcome
compared to patients with pc-ASPECTS > 8.*” In our meta-analysis, the
pc-ASPECTS score was extracted, but not well enough described and
available to include in our analysis, therefore a potential selection bias
cannot be ruled out. Fourth, we could not extract data based on the
location of the BAOs, since this data was not available. The location of
the BAOs and clot length are main predictors of revascularization out-
comes.”**® Fifth, the heterogeneity in successful recanalization defini-
tion and in assessing the rate of successful recanalization among the

studies. Different methods, including computed tomography angiog-
raphy, magnetic resonance angiography, digital subtraction angiog-
raphy, and transcranial color-coded duplex ultrasonography, were used
to determine the modified treatment in cerebral ischemia, the throm-
bolysis in brain ischemia, or the thrombolysis in myocardial infarction
score.

Since our results suggest a benefit of IVT in PCS, especially in the
standard time window, the question arises whether this potential benefit
is still present when combined with EVT, especially in BAO patients. A
future RCT may be needed to investigate the benefit of IVT prior to EVT.
Some ongoing RCT’s, like the ESCAPE-MeVO (NCT05151172) and
DISTAL (NCT05029414), may provide data regarding IVT without EVT
in PCA strokes. Although, this may give more insights on the effect of
IVT in PCA, the numbers will be limited.

Conclusion

IVT in patients with PCS is safe and effective in standard and
extended time window. The effect of IVT is higher in the standard time
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A
Study Total Onset to IVT Mean [95%-CI] SD Weight
Dias et al. 2017 15 —— 275.0 [217.5; 347.7] 127.4 30.9%
Yan et al. 2022 91 —- 295.0 [254.0; 342.7] 215.0 35.5%
Ritvonen et al. 2021 207 —il— 435.0 [361.2; 523.8] 593.3 33.6%
Overall 313 —am—— 328.9 [249.1; 434.3] 100.0%
[ I I I I 1
100 200 300 400 500 600

Heterogeneity: 12 =85%, p <0.01
Random-effects DerSimonian-Laird model

B.

Study Events Total mRS 0-2 in BAO Proportion [95%-CI] Weight

Yan et al. 2022 37 88 —l— 0.421[0.32; 0.53] 45.3%

Ritvonen et al. 2021 63 207 i 0.30[0.24; 0.37] 54.7%

Random effects model 295 i 0.35 [0.25; 0.47] 100.0%
T T T T

Heterogeneity: 12 = 73%, p = 0.05 0 02 04 06 038 1

Random-effects DerSimonian-Laird model

C.

Study Events Total mRS 0-3 in BAO Proportion [95%-CI] Weight

Dias et al. 2017 3 15 —B—— 0.20[0.04; 0.48] 31.1%

Ritvonen et al. 2021 85 207 —.— 0.41[0.34; 0.48] 68.9%

Random effects model 222 _ 0.34[0.17; 0.56] 100.0%
] T T T

Heterogeneity: /% = 58%, p = 0.12 0 0.2 04 06 038 1

Random-effects DerSimonian-Laird model

D.

Study Events Total Mortality at 90 days Proportion [95%-CI] Weight

Dias et al. 2017 7 15 —_—— 0.471[0.21;0.73] 5.1%

Yan et al. 2022 31 88 —— 0.35[0.25; 0.46] 27.4%

Ritvonen et al. 2021 82 207 5 = 0.40[0.33; 0.47] 67.5%

Random effects model 310 < 0.39 [0.33; 0.44] 100.0%
[ | T | I 1

Heterogeneity: /12 = 0%, p = 0.63 0 02 04 06 08 1

Random-effects DerSimonian-Laird model

Fig. 5. Forest plots of pooled proportion of studies with only basilar artery occlusions included. A. Onset to intravenous thrombolysis time. B. Modified Rankin Scale
0-2 at 90 days. C. Modified Rankin Scale 0-3 at 90 days. D. Mortality at 90 days. E. Symptomatic intracranial hemorrhages.
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