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Admission systolic blood pressure and effect of endovascular
treatment in patients with ischaemic stroke: an individual
patient data meta-analysis

Noor Samuels, Rob A van de Graaf, Maxim J H L Mulder, Scott Brown, Bob Roozenbeek, Pieter Jan van Doormaal, Mayank Goyal, Bruce CV Campbell,
Keith W Muir, Nelly Agrinier, Serge Bracard, Phil M White, Luis San Romdn, Tudor G Jovin, Michael D Hill, Peter | Mitchell, Andrew M Demchuk,
Alain Bonafe, Thomas G Devlin, Adriaan C G M van Es, Hester F Lingsma, Diederik W | Dippel, Aad van der Lugt, for the HERMES Collaborators

Summary

Background Current guidelines for ischaemic stroke treatment recommend a strict, but arbitrary, upper threshold of
185/110 mm Hg for blood pressure before endovascular thrombectomy. Nevertheless, whether admission blood pressure
influences the effect of endovascular thrombectomy on outcome remains unknown. Our aim was to study the influence
of admission systolic blood pressure (SBP) on functional outcome and on the effect of endovascular thrombectomy.

Methods We used individual patient data from seven randomised controlled trials (MR CLEAN, ESCAPE, EXTEND-IA,
SWIFT PRIME, REVASCAT, PISTE, and THRACE) that randomly assigned patients with anterior circulation ischaemic
stroke to endovascular thrombectomy (predominantly using stent retrievers) or standard medical therapy (control)
between June 1, 2010, and April 30, 2015. We included all patients for whom SBP data were available at hospital admission.
The primary outcome was functional outcome (modified Rankin Scale) at 90 days. We assessed the association of SBP
with outcome in both the endovascular thrombectomy group and the control group using multilevel regression analysis
and tested for non-linearity and for interaction between SBP and effect of endovascular thrombectomy, taking into
account treatment with intravenous thrombolysis.

Findings We included 1753 patients (867 assigned to endovascular thrombectomy, 886 assigned to control) after
excluding 11 patients for whom SBP data were missing. We found a non-linear association between SBP and functional
outcome with an inflection point at 140 mm Hg (732 [42%)] of 1753 patients had SBP <140 mm Hg and 1021 [58%] had
SBP =140 mm Hg). Among patients with SBP of 140 mm Hg or higher, admission SBP was associated with worse
functional outcome (adjusted common odds ratio [acOR] 0-86 per 10 mm Hg SBP increase; 95% CI 0-81-0-91).
We found no association between SBP and functional outcome in patients with SBP less than 140 mm Hg (acOR 0-97
per 10 mm Hg SBP decrease, 95% CI 0-88-1-05). There was no significant interaction between SBP and effect of
endovascular thrombectomy on functional outcome (p=0-96).

Interpretation In our meta-analysis, high admission SBP was associated with worse functional outcome after stroke,
but SBP did not seem to negate the effect of endovascular thrombectomy. This finding suggests that admission SBP
should not form the basis for decisions to withhold or delay endovascular thrombectomy for ischaemic stroke, but
randomised trials are needed to further investigate this possibility.

Funding Medtronic.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

The majority of patients with acute ischaemic stroke
caused by large vessel occlusion in the anterior circulation
present with high blood pressure in the acute phase.' The
European Stroke Organisation (ESO) and American Heart
Association/American Stroke Association (AHA/ASA)
guidelines for acute ischaemic stroke management recom-
mend maintenance of blood pressure below 185/110 mm
Hg before reperfusion therapy.* The recommended blood
pressure thresholds are based on the inclusion criteria of
randomised controlled trials evaluating the effect of
intravenous thrombolysis, in which pretreatment blood
pressure thresholds were derived from small pilot studies
that observed an association between high diastolic blood

pressure and an increased risk of symptomatic intracranial
haemorrhage.* The association between high blood
pressure and worse outcomes following ischaemic stroke
has been confirmed by several studies for both intravenous
thrombolysis  and  endovascular  thrombectomy,
emphasising that blood pressure can be considered as a
prognostic factor’” However, this does not imply that
blood pressure influences the effect of intravenous
thrombolysis or endovascular thrombectomy on outcome.
A large randomised trial of intravenous thrombolysis did
not observe an interaction between admission blood
pressure and the effect of intravenous thrombolysis.*
Maintaining blood pressure below 185/110 mm Hg before
reperfusion therapy might lead to delay of endovascular
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Research in context

Evidence before this study

We did a systematic review of studies evaluating the influence of
admission blood pressure on outcome and on the effect of
endovascular thrombectomy in patients with anterior circulation
ischaemic stroke. We searched PubMed using the search terms
“blood pressure”, “randomised controlled trial”, and either
“endovascular therapy” or “mechanical thrombectomy”, for
articles published in any language between Jan 1, 2010, and

Dec 31, 2022. We selected all studies comparing endovascular
thrombectomy using second-generation mechanical devices
(primarily stent retrievers) with non-endovascular
thrombectomy, using vessel imaging to identify patients with
proximal anterior circulation ischaemic stroke within 12 h from
symptom onset. Several studies observed a non-linear association
between admission blood pressure and functional outcome after
endovascular thrombectomy. An analysis of individual patient
data from randomised trials, concerning the interaction between
systolic blood pressure (SBP) and effect of endovascular
thrombectomy, was not available. International guidelines advise
withholding or delaying of endovascular thrombectomy in
patients with admission SBP exceeding 185 mm Hg. However,
evidence concerning an interaction between SBP and effect of
endovascular thrombectomy is scarce and inconclusive.

thrombectomy. As the effect of endovascular throm-
bectomy strongly declines over time, this delay might be
deleterious regarding patients’ outcome after stroke.’ In a
post-hoc analysis of the MR CLEAN trial (A Multicentre
Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands), the beneficial
effect of endovascular thrombectomy was observed
across the whole range of admission SBP, but the
number of patients with blood pressure higher than
185/110 mm Hg treated with endovascular thrombectomy
was considered insufficient to recommend performing
endovascular thrombectomy in patients with admission
blood pressure above this threshold.”" Pooling individual
patient data of multiple randomised controlled trials can
improve statistical power to accurately assess the
influence of admission SBP on effect of endovascular
thrombectomy.” This information could support
guideline recommendations for blood pressure
management in the acute setting of ischaemic stroke in
patients eligible for endovascular thrombectomy. We
evaluated whether admission SBP level modified the
effect of endovascular thrombectomy on outcomes in
pooled data from the seven randomised controlled trials
within the Highly Effective Reperfusion Using Multiple
Endovascular Devices (HERMES) collaboration.

Methods

Study population and design

This study, which was done according to the PRISMA
guidelines, is a post-hoc analysis of pooled individual

www.thelancet.com/neurology Vol 22 April 2023

Added value of this study

To further investigate interactions between blood pressure and
effects of endovascular thrombectomy, we did an individual
patient-level meta-analysis that included 1753 patients from
seven randomised controlled trials comparing endovascular
thrombectomy plus standard care with standard care alone for
acute ischaemic stroke due to a large vessel occlusion in the
anterior circulation. We found that high SBP on hospital
admission was associated with worse functional outcome and
larger follow-up infarct volume after stroke treatment, but an
interaction between SBP on hospital admission and effect of
endovascular thrombectomy was not observed.

Implications of all the available evidence

Our findings suggest that high or low admission SBP should
not form the basis for decisions to withhold or delay
endovascular thrombectomy for acute ischaemic stroke.

If randomised controlled trials confirm our findings, the
recommendations by the European Stroke Organisation and
the American Heart Association/American Stroke Association
for blood pressure management in patients with acute
ischaemic stroke eligible for endovascular thombectomy might
warrant reconsideration.

patient data from seven randomised controlled trials of
endovascular thrombectomy within the HERMES collabo-
ration (MR CLEAN,” ESCAPE [Endovascular Treatment
for Small Core and Anterior Circulation Proximal
Occlusion With Emphasis on Minimizing CT to
Recanalization Times]," EXTEND-IA [Extending the Time
for Thrombolysis in Emergency Neurological Deficits—
Intra-Arterial],” SWIFT PRIME [Solitaire With the
Intention for Thrombectomy as Primary Endovascular
Treatment],” REVASCAT [Randomized Trial of
Revascularization With Solitaire FR Device Versus Best
Medical Therapy in the Treatment of Acute Stroke due to
Anterior Circulation Large Vessel Occlusion Presenting
Within 8 Hours of Symptom Onset],” PISTE [Pragmatic
Ischaemic Stroke Thrombectomy Evaluation],® and
THRACE [Mechanical Thrombectomy After Intravenous
Alteplase Versus Alteplase Alone After Stroke]). These
trials compared endovascular thrombectomy (inter-
vention), using stent retrievers or other second-generation
devices, with standard medical care (control) in patients
with ischaemic stroke caused by a large vessel occlusion in
the anterior circulation. An overview of the individual trial
characteristics is provided in the appendix (p 3). The
HERMES protocol and main outcomes have been reported
previously.®* For this analysis, we included all patients for
whom admission SBP values were available.

All imaging studies were deidentified at the HERMES
central coordinating centre. The imaging datasets were
read by independent HERMES core laboratories for
baseline CT or MRI, baseline CT angiography, MRI
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angiography, follow-up CT or MRI, and conventional
angiography. Readers were masked to all clinical
information, except side of stroke.

All participants provided informed consent according
to each trial protocol and each study was approved by the
local ethics board. This meta-analysis was prospectively
designed by the HERMES executive committee, but not
registered.

Blood pressure measures

In the HERMES trials, admission blood pressure was
based on a single measurement on admission at the first
hospital (remote centre in “drip-and-ship” patients—ie,
patients who receive intravenous thrombolysis in the first
hospital they attend Dbefore being transferred to a
comprehensive stroke centre for endovascular throm-
bectomy) as part of prerandomisation clinical work-up.
How blood pressure was assessed in the individual centres
was not available (ie, invasive or non-invasive), but the use
of non-invasive blood pressure cuffs (ie, automated or non-
automated sphygmomanometer) is common practice in
all participating centres. For this analysis, SBP was selected
as the blood pressure measure of interest based on the
strength of the correlation with functional outcome in
previous studies."**

Outcomes

The primary outcome measure was functional outcome at
90 days, according to the modified Rankin Scale (mRS).”
Secondary outcomes were functional independence

61
5_

wv)

o

£

E

5 47

S

]

°

o

j=al

S 3_
2_
O/Ir T T T T

50 100 150 200 250
Admission SBP (mm Hg)

Figure 1: Association between admission SBP and ordinal mRS at 90 days
The model was fitted with a restricted cubic spline function with three knots for
admission SBP and included the following variables: age, sex, baseline National
Institutes of Health Stroke Scale score, baseline Alberta Stroke Program Early
CT Score, history of hypertension, collateral score, time from onset to
randomisation, and trial (MR CLEAN trial as reference). The graph depicts the
log odds for a shift towards worse mRS score, with 95% Cl (shaded area), for
each level of admission SBP. The range of the curve on the x-axis corresponds to
the lowest and highest admission SBP value in the data (62 mm Hg and

261 mm Hg, respectively). Knot locations were default quantiles of admission
SBP (0-10 at 115 mm Hg, 0-50 at 142 mm Hg, and 0-90 at 175 mm Hg).
mRS=modified Rankin scale. SBP=systolic blood pressure.

(mRS =2) at 90 days, National Institutes of Health Stroke
Scale (NIHSS) score at 24 h after randomisation (indicating
early neurological deficit), successful reperfusion after
endovascular thrombectomy (modified Thrombolysis in
Cerebral Infarction score [mTICI] =2B), and follow-up
infarct volume on non-contrast CT or MRI at 12 h to 2 weeks
after randomisation.”” Safety outcomes were mortality
within 90 days and any symptomatic intracranial
haemorrhage that occurred within this period, defined
according to each trial protocol.”

Statistical analysis

Patients for whom admission SBP was missing were
excluded from this analysis and data were not imputed as
itwas unclear whether these missing values were randomly
distributed. Baseline characteristics of the study population
are shown by two subgroups according to SBP categories
(SBP <140 mm Hg and SBP =140 mm Hg). Continuous
variables are expressed as medians with IQRs. Categorical
variables are expressed as numbers of patients and
percentages. We evaluated linearity of the associations
between admission SBP and outcomes by comparing
model fit expressed by the log-likelihood of a regression
model with a linear SBP term versus a regression model
with a restricted cubic spline transformation.” The optimal
number of knots for the restricted cubic spline trans-
formation was selected within the modelling structure
based on best fit. The location of the knots was based on
default SBP quantiles.® We evaluated the association
between admission SBP and outcomes with generalised
linear mixed models adjusted for age, sex, NIHSS score on
admission, medical history of hypertension, stroke,
diabetes, or atrial fibrillation, treatment with intravenous
thrombolysis, location of occlusion, Alberta Stroke
Program Early CT Score (ASPECTS) on baseline non-
contrast CT, collateral score on baseline CT angiogram,
time from stroke onset to randomisation, and treatment
allocation as fixed effects, and trial as a random effect. The
association between endovascular thrombectomy and
primary and secondary outcomes for both SBP categories
was evaluated with generalised linear mixed models, with
a random effect for trial. We estimated the effect of
endovascular thrombectomy on functional outcome for
both patients with admission SBP lower than 140 mm Hg
and patients with admission SBP of 140 mm Hg or higher
using multivariable ordinal logistic regression analysis,
and reported effect estimates according to the adjusted
common odds ratio (acOR) for a shift towards a better
functional outcome according to the mRS. Odds ratios
greater than 1 indicate better results according to the mRS
(ie, mRS score closer to 0); this convention is used in all
analyses to represent treatment benefit as an odds ratio
greater than 1. We tested for interaction between admission
SBP and effect of endovascular thrombectomy by adding
multiplicative interaction terms to models used to study
the association between SBP and outcomes. We estimated
the effect of endovascular thrombectomy on NIHSS and
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follow-up infarct volume for both patients with admission
SBP less than 140 mm Hg and 140 mm Hg or higher using
multivariable linear regression analysis, and reported
effect estimates according to the adjusted B-coefficients
with corresponding 95% Cls per 10 mm Hg SBP decrease
(for SBP <140 mm Hg) or increase (for SBP =140 mm Hg).

Post-hoc power was calculated using the observed
variability and strength of association observed between
admission SBP and the 90-day mRS outcome. The full
available sample size of 1753 individuals provided 90%
power to detect a true odds ratio of 0-92 (or 1/0-92=1-09)
per 10 mm Hg change in SBP using ordinal logistic regres-
sion. These calculations assume an SD for baseline SBP of
24 mm Hg and an mRS distribution among the
1735 patients with known mRS at 90 days of 9% (n=155),
14% (n=244), 16% (n=282), 16% (n=274), 20% (n=353),
9% (n=150), and 16% (n=27/) for categories
0 to 6, respectively, as observed in the combined HERMES
dataset.

The associations of SBP with outcomes were presented
per 10 mm Hg change in SBP parameter. For unadjusted
and adjusted regression analyses, missing outcome and
predictor values were imputed using multiple imputations
by chained equations (five sets) to reduce bias in estimates
of associations.” A p value less than 0-05 was considered
significant in all tests. All analyses were performed using
R software (version 3.6.1).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

A total of 1753 patients were included in this analysis after
excluding 11 patients with missing admission SBP values.
The association between admission SBP and functional
outcome as assessed with the mRS was non-linear, based
on multivariable model fit comparing a linear SBP term
with a model allowing three knots for SBP (likelihood-ratio
test p=0-0085, knots positioned at default quantiles of
admission SBP:0-10at115mm Hg, 0-50at142mm Hg, and
0-90 at 175 mm Hg; figure 1). Because of this non-linear
association, we obtained effect estimates for admission
SBP below and above the inflection point at the median
value of 140 mm Hg separately. Baseline characteristics of
the study population are shown according to the inflection
point at 140 mm Hg of the non-linear association between
admission SBP and functional outcome (table 1). Patients
with admission SBP of 140 mm Hg or higher were on
average older and were more likely to have a history of
atrial fibrillation, hypertension, and hyperlipidaemia than
patients with admission SBP below 140 mm Hg. There
were no differences in baseline NIHSS and ASPECTS
between patients with admission SBP below 140 mm Hg
and patients with admission SBP of 140 mm Hg or higher
(table 1). Although patients in the higher SBP category

www.thelancet.com/neurology Vol 22 April 2023

SBP <140 mm Hg (n=732)

SBP 2140 mm Hg (n=1021)

Patient characteristics
Age, years
Sex
Female
Male
NIHSS at baseline
Affected hemisphere
Left hemisphere
Right hemisphere
SBP, mm Hg
Intravenous thrombolysis
Medical history
Previous stroke
Atrial fibrillation
Hypertension
Hyperlipidaemia
Diabetes
Pre-stroke mRS
0

=2
Imaging
Occluded segment
Internal carotid artery
Middle cerebral artery M1
Middle cerebral artery M2
ASPECTS
Collateral score
0 (absent)
1 (filling <50% of occluded area)

2 (filling >50% but
<100% of occluded area)

3 (filling 100% of occluded area)
Workflow

Transfer from primary stroke centre to

comprehensive stroke centre
(intervention centre)

Time from stroke onset to
randomisation, min

Time from stroke onset to tPA
administration, min

Time from stroke onset to groin
puncture, min

63 (51-73) [n=731]

357/732 (49%)
375/732 (51%)
17 (13-20) [n=730]

351/725 (48%)
3741725 (52%)
123 (12) [n=732]
647/732 (88%)

71/729 (10%)
164/547 (30%)
337/731 (46%)
256/716 (36%)
105/731 (14%)

427/521 (82%)
67/521 (13%)
27/521 (5%)

171/685 (25%)
464/685 (68%)
49/685 (7%)
8 (7-9) [n=723]

4/528 (1%)
78/528 (15%)
230/528 (44%)

216/528 (41%)
164/732 (22%)
180 (139-244) [n=730]

115 (81-160) [n=647]

240 (190-300) [n=327]

70 (62-77) [n=1021]

427/1021 (42%)
594/1021 (58%)
17 (14-21) [n=1018]

511/1006 (51%)
495/1006 (49%)
161 (18) [n=1021]
918/1021 (90%)

117/1015 (12%)
283/800 (35%)
649/1019 (64%)
394/996 (40%)
181/1018 (18%)

630/759 (83%)
95/759 (13%)
34/759 (4%)

269/958 (28%)
607/958 (63%)
81/958 (8%)
8 (7-9) [n=1008]

10/759 (1%)
120/759 (16%)
326/759 (43%)

303/759 (40%)

247/1017 (24%)

184 (141-246) [n=1021]

118 (86-159) [n=914]

235 (180-295) [n=456]

Data are n/N (%), median (IQR) [number of patients with available data], or, for SBP, mean (SD) [number of patients with
available data]. Admission SBP was categorised according to the inflection point of the association between SBP and
functional outcome. Data on race and ethnicity were not reported in this table since these parameters were available for only
two of the seven included trials. ASPECTS=Alberta Stroke Program Early CT Score. mRS=modified Rankin Scale.
NIHSS=National Institutes of Health Stroke Scale. SBP=systolic blood pressure. tPA=tissue plasminogen activator (alteplase).

Table 1: Baseline characteristics by admission SBP

were on average older, the correlation between admission
SBP and age was not very strong (correlation coefficient
r=0-30, appendix p 9).

In the endovascular thrombectomy group, median mRS
at 90 days was lower among patients with admission SBP
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SBP <140 mm Hg SBP 2140 mm Hg

Endovascular
therapy (n=504)

Endovascular Control (n=517)

therapy (n=363)

Control (n=369)

Clinical outcomes

mRS at 90 days* 2(1-4) 3(2-4) 3(1-5) 4(2-5)
mRS 0-2 at 90 days 199/359 (55%)  126/364 (35%) 214/503 (43%) 142/509 (28%)
NIHSS at 24 h 7(3-15) 14 (7-19) 10 (4-18) 15 (8-20)
[n=355] [n=359] [n=480] [n=493]

Imaging outcomes
mTICl after endovascular thrombectomyt#

0 24/299 (8%) 36/429 (8%)

1 5/299 (2%) 14/429 (3%)

2A 35/299 (12%) 65/429 (15%)

2B 209/299 (70%) 2771429 (65%)

3 26/299 (9%) 37/429 (9%)
Follow-up infarct volume 29 (11-79) 48 (18-116) 38 (11-121) 53 (17-148)
at12 hto2 weeks, mLT  [n=350] [n=349] [n=470] [n=493]
Safety outcomes
Mortality at 90 days 34/362 (9%) 53/364 (15%) 93/504 (18%) 97/512 (19%)
Symptomatic intracranial 7/358 (2%) 71366 (2%) 25/494 (5%) 24/506 (5%)

haemorrhage

Data are n/N (%) or median (IQR) [number of patients with available data]. ASPECTS=Alberta Stroke Program Early

CT Score. mRS=modified Rankin Scale. mTICI=modified Thrombolysis in Cerebral Infarction. NIHSS=National Institutes
of Health Stroke Scale. SBP=systolic blood pressure. *For complete distribution of mRS at 90 days see appendix p 5.
+mTICl after endovascular thrombectomy and follow-up infarct volume were read centrally. fmTICl after endovascular
thrombectomy only available for the endovascular thrombectomy group.

Table 2: Outcome measures by admission SBP and treatment allocation

SBP <140 mm Hg (n=732) SBP 2140 mm Hg (n=1021)

Unadjusted Adjusted Unadjusted Adjusted
Clinical outcomes
mRS at 90 days, common  1.04 0.97 0-83 0-86
OR (0-95t0 1-14) (0-88t0 1.05) (07810 0-88) (0-81t00-91)
mRS 0-2 at 90 days, OR 1.03 0-.97 0-84 0-86
(0-93to 1-14) (0-86t01-09) (0780 0-90) (0790 0-93)
NIHSS at 24 h, -0-05 0-02 0-65 0-54
B-coefficient (-0-44 t0 0-35) (-0-32t0 0-37) (0-39t0 0:91) (0-:31t0 0:77)
Imaging outcomes
Successful reperfusion*t, 1-08 1.04 0.92 092
OR (0-89t01:30) (0-88t01-23) (0-82t01:02) (0-83t01:02)
Follow-up infarct volume ~ -3-84 -2:38 4-82 596
at 12 hto 2 weeks*, (-8-78to1-11) (-6-67t01-92) (1:59 to 8-05) (3:19t0 8:73)
B-coefficient
Safety outcomes
Mortality at 90 days, OR 1.02 1.15 1.22 116
(0-88t0118) (0-99t01:33) (113t01:32) (1-07 t0 1-27)
Symptomaticintracranial ~ 0-69 078 116 113
haemorrhage, OR (0-47 to 1-09) (0-54 to 1-10) (1-:02t01-32) (0-98t01-26)

Data are unadjusted and adjusted ORs or B-coefficients with corresponding 95% Cls per 10 mm Hg SBP decrease (for
SBP <140 mm Hg) or increase (for SBP 2140 mm Hg). Adjustments were made for the following fixed effects: age, sex,
NIHSS on admission, collateral score, ASPECTS at baseline, time from onset to randomisation, diabetes, previous
stroke, atrial fibrillation, history of hypertension, occlusion location, intravenous thrombolysis, treatment allocation,
and random effect for trial. ASPECTS=Alberta Stroke Program Early CT Score. FIV=follow-up infarct volume.
mRS=modified Rankin Scale. NIHSS=National Institutes of Health Stroke Scale. OR=o0dds ratio. SBP=systolic blood
pressure. *Modified Thrombolysis in Cerebral Infarction score after endovascular thrombectomy and follow-up infarct
volume were read centrally. tReperfusion grade only available for the endovascular thrombectomy group.

Table 3: Univariable and multivariable associations of admission SBP with outcomes

316

below 140 mm Hg than patients with admission SBP of
140 mm Hg or higher (2 [IQR 1-4] vs 3 [1-5]; table 2). Also,
the proportion of patients with functional independence in
the endovascular thrombectomy group was larger among
those with admission SBP below 140 mm Hg compared
with SBP of 140 mm Hg or higher (199 [55%)] of 359 vs
214 [43%)] of 503; p=0-0002; table 2, appendix p 5).
Similarly, the outcomes in the control group (ordinal mRS,
mRS <2, NIHSS, follow-up infarct volume, mortality, and
symptomatic intracranial haemorrhage) were more
favourable in patients with admission SBP below
140 mm Hg than in patients with higher SBP (table 2).

Above 140 mm Hg, higher admission SBPs were
associated with worse functional outcome (acOR 0-86
[95% CI 0-81-0-91] per 10 mm Hg increment; table 3), but
below the median of 140 mm Hg, lower admission SBPs
were not (acOR 0-97 [0-88-1-05] per 10 mm Hg
decrement). Furthermore, above 140 mm Hg, higher SBPs
were associated with less functional independence, larger
early neurological deficit, larger follow-up infarct volume,
and higher mortality rates (table 3). We did not observe a
significant association between admission SBP of 140 mm
Hg or higher and symptomatic intracranial haemorrhage
or successful reperfusion after endovascular thrombectomy
(mTICI 22B). There was no association between admission
SBP lower than 140 mm Hg and any of the outcomes
(table 3).

The median mRS at 90 days was significantly lower in
the endovascular thrombectomy group compared with
the control group, for both patients with admission SBP
below 140 mm Hg (2 [IQR 1-4] vs 3 [2—4]; p<0-001) and
patients with admission SBP of 140 mm Hg or higher
(3 [1-5] vs 4 [IQR 2-5]; p<0-001; table 2). The proportion
of patients with functional independence at 90 days was
larger in the endovascular thrombectomy group
compared with the control group for those with SBP less
than 140 mm Hg (199 [55%)] of 359 vs 126 [35%)] of 364;
p<0-0001) and for those with SBP of 140 mm Hg or
higher (214 [43%] of 503 vs 142 [28%)] of 509; p<0-0001;
appendix p 5). Furthermore, follow-up infarct volume
was significantly smaller in the endovascular throm-
bectomy group compared with the control group among
both SBP categories (admission SBP <140 mm Hg:
median 29 mL [IQR 11-79] vs 48 mL [18-116]; p<0-0001;
admission SBP =140 mm Hg: 38 mL [11-121] vs 53 mL
[17-148]; p=0-0046). Mortality rates differed between the
endovascular thrombectomy and control group only for
patients with admission SBP less than 140 mm Hg
(34 [9%)] of 362 vs 53 [15%] of 364; p=0-040), but not for
patients with admission SBP of 140 mm Hg or higher
(93 [18%] of 504 vs 97 [19%] of 512; p=0-87). The
association of admission SBP and ordinal mRS per trial
is shown in the appendix (p 6).

We did not observe modification of the effect of
endovascular thrombectomy by admission SBP for the
ordinal MRS (Pecion=0-96, figure 2A). The beneficial
effect of endovascular thrombectomy on the ordinal mRS
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Figure 2: Effect of endovascular thrombectomy across levels of admission SBP

Fitted models include a restricted cubic spline transformation of SBP with three knots and included the following variables: age, sex, baseline NIHSS, baseline Alberta
Stroke Program Early CT Score, history of hypertension, collateral score, time from onset to randomisation, and trial (MR CLEAN trial as reference). The figures depict
the log odds of shift towards worse mRS score (A), NIHSS at 24 h after stroke (B), log odds of symptomatic intracranial haemorrhage (C), and follow-up infarct
volume at 12 h to 2 weeks after stroke (D), with 95% Cls (shaded areas), for each level of admission SBP. The p values represent test for interaction (between SBP and
effect of endovascular thrombectomy). The total number of patients with pretreatment SBP =185 mm Hg (the recommended upper threshold before endovascular
thrombectomy) was n=92. mRS=modified Rankin scale. NIHSS=National Institutes of Health Stroke Scale. SBP=systolic blood pressure.

was similar for patients with admission SBP below
140 mm Hg (acOR 2-06 [95% CI 1-56-2-71]) and patients
with admission SBP of 140 mm Hg or higher (acOR 1-84
[1-46-2-31]; appendix p 7). Similarly, there was no
difference in the effect of endovascular thrombectomy
for early neurological deficit (P, cion=0-33, figure 2B),
symptomatic intracranial haemorrhage (pPiencion=0-27,
figure 2C), and follow-up infarct volume (P, ercion=0-55,
figure 2D). In addition, there was no difference in the
effect of endovascular thrombectomy on good functional
outcome  (Piencion=0-96) and mortality (P, ercion=0+28)
between admission SBP groups (appendix p 8).

Discussion

In this individual patient data meta-analysis, which
included 1753 patients with ischaemic stroke from centres
in multiple countries, the effects of endovascular throm-
bectomy on clinical, imaging, and safety outcome
measures did not differ for low or high levels of admission
SBP. Higher admission SBP was associated with worse
functional outcome, larger early neurological deficit, and
larger follow-up infarct volume.

www.thelancet.com/neurology Vol 22 April 2023

Our results are in line with findings of a post-hoc
analysis of the MR CLEAN trial, in which no interaction
between admission blood pressure and the effect of
endovascular thrombectomy was observed.” Moreover,
since pretreatment blood pressure recommendations for
endovascular thrombectomy are based on studies of
intravenous thrombolysis and the blood pressure targets
of several individual endovascular thrombectomy trials, a
detailed analysis of treatment effect modification in a
large pooled individual patient meta-analysis was war-
ranted. We observed a beneficial effect of endovascular
thrombectomy on clinical outcomes up to SBP above
200 mm Hg, based on 92 patients with pretreatment SBP
above 185 mm Hg. Given the strongly time-dependent
effect of endovascular thrombectomy, we believe that the
start of endovascular thrombectomy should not be
delayed for the purpose of blood pressure reduction.

This study confirms that admission blood pressure is an
independent predictor of poor outcome and larger infarcts
after endovascular thrombectomy.*?* The association
between higher admission SBP and larger follow-up
infarct volumes contributes to the understanding of the
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role of SBP in lesion evolution in patients with ischaemic
stroke due to a large vessel occlusion. High SBP might be
a marker of tissue damage instead of the cause of poor
outcomes. However, it is likely that very low SBP before
reperfusion does contribute to lesion extension through a
drop in cerebral perfusion via collaterals. The recently
published results of the ENCHANTED?2 trial indicate that
intensive blood pressure management (target SBP
<120 mm Hg) following reperfusion caused worse
outcomes compared with moderate blood pressure
management (target SBP 140-180 mm Hg).” These
findings suggest that SBP lowering before endovascular
thrombectomy, when cerebral perfusion is still severely
compromised, could contribute to worse outcomes
following stroke by influencing cerebral perfusion
pressure, in addition to the detrimental effect of delayed
start of endovascular thrombectomy. We observed no
significant association between low admission SBP and
functional outcome, similar to what has been observed
previously.”” Furthermore, we did not find a significant
association between lower SBP and symptomatic
intracranial haemorrhage, in contrast to results from
observational studies. This absence of an association
might be caused by the fact that patients with lower
admission SBP were more likely to have good outcomes in
the randomised trials than in the observational studies due
to stricter eligibility criteria for endovascular thrombectomy
in the randomised controlled trials. The question on
optimal blood pressure management in the acute phase of
ischaemic stroke is still not answered. In this study, we
found a strong association between admission SBP and
outcomes after endovascular thrombectomy and no
interaction of admission SBP with the effect of endo-
vascular thrombectomy. Whether these findings also apply
to procedural and post-procedural SBP warrants further
study. However, these periods of SBP measurements are
less relevant for treatment interactions and therefore
patient selection than SBP at hospital admission.

Our study has several limitations. First, our analyses
were based on a single SBP measurement, and neither
diastolic blood pressure nor mean arterial pressure values
were available. Second, patients with very high or
uncontrollable blood pressure on hospital admission were
not included in the endovascular thrombectomy trials.
Furthermore, it is well known that age is an important
prognostic factor for outcome and is also associated with
SBP. Therefore, we adjusted for age, as well as for age-
related comorbidities (eg, diabetes, hypertension, atrial
fibrillation, previous stroke). Moreover, the correlation
between admission SBP and age was not very strong. Still,
as vascular health is complex and multifactorial, residual
confounding might be present. The included trials differed
among several aspects including study population,
inclusion and exclusion criteria, and definition of inter-
vention and control groups, which could have introduced
some heterogeneity of the association between SBP and
outcomes. To account for between-trial differences, we

used mixed-effects modelling for all analyses. Further-
more, this analysis has previously been performed in the
MR CLEAN dataset, which was also included in this
analysis. However, since the effect of endovascular throm-
bectomy on outcome was similar across all included trials,
inclusion of the MR CLEAN data increased the precision
of the estimates. Furthermore, accurate evaluation of
treatment effect heterogeneity requires a large dataset.
Although we performed an individual patient meta-
analysis and included a large number of patients, the
uncertainty around treatment effects increases for very low
and high SBP.

Based on current available evidence and the benefit of
early treatment with endovascular thrombectomy in
patients with acute ischaemic stroke due to a large vessel
occlusion in the anterior circulation, we believe that the
recommendations by the ESO and AHA/ASA guidelines
to withhold or delay endovascular thrombectomy in
patients with admission blood pressure above
185/110 mm Hg deserve revision.”** High admission
SBP is associated with worse functional outcome and
larger follow-up infarct volume, but since admission SBP
does not influence the effect of endovascular throm-
bectomy, we believe that high or low admission SBP
should not be a reason to withhold or delay endovascular
thrombectomy for ischaemic stroke.
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