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Abstract 
Objectives Rescue stenting (RS) has emerged as a bailout strategy after failed reperfusion during endovascular treatment (EVT). 
Optimal blood pressure (BP) management after RS remains unclear. Our aim is to evaluate the association of BP levels and 
blood pressure variability (BPV) during the first 24 h after RS with short-term and long-term patient outcomes.

Methods We performed a retrospective analysis of an international registry where data from adult patients who underwent 
either RS or rescue angioplasty after failed EVT were collected. Patients who received RS with lar ge vessel occlusion and at 
least 4 BP measurements in the first 24 h were included.

Results RS was performed in 437 patients (40.5% female, mean age 67.1 ± 13 years). Admission median National Institutes of 
Health Stroke Scale score was 12 (IQR 7–18) and history of hypertension was present in 74.2% of patients. Mean Systolic BP 
(SBP) in the first 24 h was 137.4 ± 14.6 mmHg. Higher values of BPV (coefficient of variation, standard deviation, average real 
variability and successive variation) were associated with lower odds for Modified R ankin Scale score 0–2 at 90 days (adjusted 
odds ratio ranging 0.55 [0.38, 0.79] to 0.99 [0.98, 0.99] per 10 units increase). No associations were found between any SBP
measure and death, sICH as well as neurological deterioration at 24 h.

Conclusion In our study, higher BPV was associated with worse clinical outcomes in stroke patients treated with RS as bailout 
therapy after failed reperfusion. No association was shown between mean, maximum, minimum and delt a SBP and clinical
outcomes.

Keywords ischaemic stroke, thrombectomy, blood pressure management, rescue stenting, intracranial atherosclerotic disease

D
ow

nloaded from
 https://academ

ic.oup.com
/esj/article/11/5/aakag035/8675941 by Bibliotheque Psychiatrique U

niversitaire de Lausanne user on 15 M
ay 2026


 16916 31115 a 16916 31115 a
 
mailto:aikaterini.anastasiou@usb.ch
mailto:aikaterini.anastasiou@usb.ch
mailto:aikaterini.anastasiou@usb.ch


European Stroke Journal, 2026, Volume 11, Issue 5 3

Graphical Abstrac t 

Introduction 
In 10%–20% of acute ischaemic stroke patients, endovascular 
treatment (EVT) fails to achieve successful reperfusion with 
most cases attributed to intracranial atherosclerotic disease

(ICAD).1–4 In those cases, during EVT often even after initial 
successful reperfusion, the vessel reoccludes within minutes. 
It is suspected that re-thrombosis occurs from an activated 
atherosclerotic plaque. As failed reperfusion has been associated 
with an increased risk of early neurologic deterioration and worse

outcomes,5,6 rescue stenting (RS) has emerged as a bailout 
strategy in failed EVT cases.7–12 

The optimal BP target in the first 24 h after EVT remains 
uncertain. High BP is common post-EVT and has been associated 
to greater risks of haemorrhagic transformation, cerebral oedema 
and poor outcomes.13,14 However, excessive BP lowering may 
reduce collateral perfusion.15 These issues may be more relevant 
in patients requiring RS. In this group, clinicians must balance 
the need for more permissive BP to avoid hypoperfusion 
against the increased risk of haemorrhage due to antiplatelet 
therapy. Current guidelines recommend maintaining systolic 
BP (SBP) < 180 mmHg, however whether different targ ets are

needed after RS is unknown.16 Beyond absolute BP values, 
growing attention has been directed towards blood pressure 
variability (BPV), the degree of fluctuation in BP over time, 
which appears to be independently associated with poor clinical

outcomes.17 

This study aims to investigate possible associations between BP 
levels during the first 24 h after RS in large vessel occlusion (LVO) 
c ases and the clinical outcomes of patients.

Methods 
In this retrospective cohort study, we performed a post-hoc analy-

sis of the blood pressure (BP) and Antiplatelet medication man-

agement after reScue angioplasty after failed EVT in large and 
distal vessel occlusions with prob able IntraCranial Atherosclerotic 
Disease (BASEL ICAD) registry .18,19 In this international registry, 35 
centres collected data of adult patients who underwent either RS 
or rescue angioplasty after failed EVT between 1 January 2019 and 
31 December 2023. Data from participating centres were curated 
by reviewing patient charts and procedure no tes. The registry was 
approved by the applicable ethics committee (BASEC ID 2024-

00904).

For this sub-analysis of the BASEL ICAD registry, only patients 
with LVO who received RS were included (n = 608). Possible 
underlying ICAD was deemed by the treating physician. In 8 
centres, BP was measured using a central arterial line and with 
a conventional non-invasive BP cuff in 12 centres. We excluded 
all patients with less than 4 BP measurements over the first 24 h 
(n = 171). The analysis set used in the present work consists of

437 patients. (Figure S1). The number of BP measurements per 
patient is displayed in Table S1. Primary outcome of interest 
was functional independence, defined as a modified Rankin 
Scale (mRS) Score 0–2 at 90 days. Primary safety outcome of 
interest was the all-cause mortality within 90 days. Secondary 
outcomes of interest included early neurological deterioration, 
defined by increase in the National Institute of Health Stroke 
Scale (NIHSS) score >2 at 24 h, symptomatic intracranial

haemorrhage (sICH) and any subarachnoid haemorrhage

(SAH).
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Blood pressure v ariables 
We considered different variables related to the central point or 
variance of SBP in the first 24 h after RS. All respective variables 
were calculated from the available number of SBP measures per 
patient (ie, at least four measurements). To indicate the central 
value, we considered the mean SBP, maximum SBP, minimum SBP, 
delta SBP (ie, the difference between the minimum and maxi-

mum SBP). As measures of variation, we considered the standard 
deviation (SD) of all SBP measures, the coefficient of variation 
(CV), successive variation (SV) (square root of the mean squared 
successive difference) and the average real v ariability (ARV) (mean

of successive differences) of SBP measures.

Statistical analysis 
Baseline and stroke characteristics are summarised as mean (SD) 
or median (interquartile range [IQR]) for continuous variables and 
frequency (percentage) for cat egorical variables. For the SBP vari-

ables, we additionally provide the range.

Associations between SBP variables and outcomes were esti-

mated using logistic regression models, adjusted for a set of pre-

defined confounders. Pre-defined confounders were age, sex, pre-

stroke mRS (0–2 vs 3–5), admission NIHSS, intravenous thrombol-

ysis (IVT) (yes/no) and occlusion territory (anterior vs posterior cir-

culation). To ac count for clustering by centre, all models included 
centre as a random intercept.

For each SBP variable-outcome pair, we first examined whether 
the relationship between the SBP variable and the log odds of the 
outcome was linear or non-linear. This was assessed visually by 
fitting a locally estimated scatterplot smoothing (LOESS) curve to 
the partial residuals of the regression model. We then compared 
model fit between a standard linear specification and restricted 
cubic splines with two and three degrees of freedom using the 
Akaike Information Criterion (AIC). When splines improved fit , we 
also evaluated quadratic polynomial. If the quadratic model fit 
was comparable to the best-fitting spline according to AIC, we 
preferred the quadra tic model for interpretability; otherwise, the

spline specification was retained.

Results are reported as adjusted odds ratios (aORs) with 95% 
profile-likelihood confidence intervals and P-values. Given the 
retrospective design of this study, P-values were not adjusted 
for multiple comparisons. All analyses used available cases, and 
standard model diagnostics (influence, leverage, multicollinear-

ity) were e xamined and deemed acceptable.

To assess potential bias due to hourly BP registration being 
available for some patients but not others, we compared base-

line characteristics of patients included in this analysis (≥four 
hourly measurements) with those with fewer measurements. As 
a second sensitivity analysis, we also evaluated the association 
between the total number of SBP measurements over 24 h and all 
outcomes to explore possible bias towards more intensive moni-

toring in higher-risk patients. To address potential selection bias 
due to incomplete hourly BP registration, we performed 2 sensi-

tivity analyses: repeating the analysis in patients with at least 2 
rather than 4 BP measurements and applying inverse probability 
of inclusion weighting based on baseline and stroke-rela ted char-

acteristics. Details of the sensitivity analyses are provided in the

Supplementary material.

Statistical analyses were performed in R v4.4.1 (https://www.r

-project.org/). Reporting follows the STROBE guidelines (http:// 
www.strobestatement.org). 

Results 
Overall, 437 patients met the inclusion criteria (40.5% female, 
mean age 67.1 ± 13 years). History of hypertension was reported 
in 74.2% of the cases. The median baseline NIHSS was 12 (IQR 7– 
18). IVT was administered prior to EVT in 24.1% of patients. The 
median time from symptom onset to groin puncture was 339 (IQR 
203.5–620.5) minut es. After a median of two EVT passes (IQR 1– 
3), RS was performed. Median time from onset to reperfusion was 
436 min (IQR 291.8–719.5). A complete overview of the baseline

characteristics is displayed in Table 1. Overall, 44.8% of patients 
reached functional independence at 90 days (mRS 0–2). Mortality 
at 90 days was 25.4%. Postprocedural stent occlusion occurred in 
51 patients (12.7%), with 62.2% of these occlusions within 24 h. 
In 8.1% of patients (n = 34), sICH was reported and 80 (19.9%) 
experienced any SAH. The median NIHSS at 24 h was 8 (IQR 3–17).

Table S2 summarises the out comes. 

BP measurements and associations 
The course of SBP over 24 h for all patients is displayed in Figure 1, 
stratified by functional independence at 90 days (yes/no). Mean 
SBP within the first 24 h post-EVT was 137.4 (SD 14.6) mmHg. SBP 
SD was 13.8 (7.4) mmHg, SBP CV was 10.2 (5.7), ARV in SBP was 13.1 
(8.3) and SV SBP was 16.1 (9.6). The median, quartiles, minimum 
and maximum values for e ach of the variables are presented in

Table S3. 
Figure 2 shows probability of functional independence at 

90 days across the entire range of SBP measures. After model 
evaluations, linear models were fit for all pairs of SBP variable and 
outcome, except maximum SBP with outcome mRS 0–2 and sICH. 
Here a quadratic polynomial model resulted in the best fit. After 
adjustment for all the predefined confounders, higher values of 
variation in SBP (CV, SD, ARV and SV) were associa ted with lower

odds for mRS 0–2 at 90 days (Table 2). We found no evidence of an 
association between any SBP measure and death, symptomatic 
intracerebral haemorrhage (sICH), subarachnoid haemorrhage 
(SAH) or early neurological deterioration defined as an increase 
in NIHSS >2 at 24 h. In other words, after adjustment for relevant 
clinical factors, none of the SBP summary or variability metrics 
appeared to be associated with these early safety or clinical 
worsening endpoints. Adjusted estimates for these secondary

outcomes are provided in Table S3. Details about both sensitivity 
analyses are included in the Supplementary ma terial.

Discussion 
In this post-hoc analysis of a retrospective multicentre cohort, 
we analysed 437 patients with LVO who received RS and investi-

gated the association of BP parameters during the first 24 h with 
functional outcomes. We found that higher BPV was significantly 
associated with worse clinical outcomes at 90 days. No association 
was shown between mean, maximum, minimum and delta SBP 
and clinical outcomes. To the best of our knowledge, this study 
is the first to report associations of BP parameters with clinical

outcomes after RS in LVO cases.
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Table 1 Patient characteristics. 

Baseline characteristics All patients 
(n = 437)a 

mRS 0–2 
(n = 182) 

mRS 3–6 
(n = 224) 

P-value 

Age 67.1 (13.0) 64.4 (13.8) 69.2 (12.0) <.001 
Sex = Male 260 (59.5) 118 (64.8) 124 (55.4) .067 
Hypertension 313 (74.2) 127 (72.2) 164 (75.9) .464 
Dyslipidemia 142 (40.0) 69 (43.9) 66 (37.5) .278 
Diabetes mellitus 140 (33.5) 60 (34.1) 71 (33.2) .934 
Coronary artery occlusive disease 65 (16.5) 29 (17.4) 35 (17.2) 1.000 
Current or past smoking 145 (37.0) 67 (40.6) 68 (34.0) .233 
Atrial fibrillation 61 (14.7) 23 (13.1) 35 (16.4) .433 
History of stroke or TIA 103 (25.7) 45 (27.3) 50 (24.3) .590 
Pre-stroke mR S 

0 312 (75.7) 151 (84.8) 145 (69.4) 
1 55 (13.3) 19 (10.7) 32 (15.3) 
2 24 (5.8) 6 (3.4) 14 (6.7) 
3 17 (4.1) 2 (1.1) 14 (6.7) 
4 4 (1.0) 0 (0.0) 4 ( 1.9) 
5 0 (0.0) 0 (0.0) 0 ( 0.0) 

Race .256 
White 308 (76.8) 135 (77.6) 156 (77.6) 
Asian 27 (6.7) 15 (8.6) 9 ( 4.5) 
African American 57 (14.2) 21 (12.1) 31 (15.4) 
Native Hawaian or pacific 8 (2.0) 2 (1.1) 5 ( 2.5) 
American Indian 1 (0.2) 1 (0.6) 0 ( 0.0) 

Stroke characteris tics 
NIHSS admission 12.0 [6.8, 18.0] 14.5 [8.0, 20.0] 9.0 [5.0, 14.0] <.001 
IVT 105 (24.1) 47 (21.1) 49 (27.1) .197 
Time onset to groin puncture (min) 339.0 [203.5, 620.5] 365.0 [208.5, 674.5] 300.0 [197.0, 582.0] .145 
Occluded v essel 

BA 93 (21.4) 60 (26.8) 31 (17.0) 
ICA-T 64 (14.7) 29 (12.9) 32 (17.6) 
M1 243 (56.0) 116 (51.8) 108 (59.3) 

Intervention characteris tics 
Anaesthesia = Sedation 136 (36.6) 66 (34.6) 60 (39.0) .464 
Highest mTICI achieved before stenting .133 

0 87 (21.9) 51 (24.9) 28 (16.9) 
1 69 (17.3) 30 (14.6) 35 (21.1) 
2a 62 (15.6) 35 (17.1) 22 (13.3) 
2b 105 (26.4) 56 (27.3) 45 (27.1) 
2c 29 (7.3) 16 (7.8) 13 (7.8) 
3 46 (11.6) 17 (8.3) 23 (13.9) 

mTICI final pass .025 
0 12 (2.8) 10 (4.5) 2 ( 1.1) 
1 8 (1.9) 5 (2.3) 1 ( 0.6) 
2a 18 (4.2) 11 (5.0) 6 ( 3.3) 
2b 128 (29.7) 68 (30.9) 53 (29.3) 
2c 68 (15.8) 40 (18.2) 23 (12.7) 
3 197 (45.7) 86 (39.1) 96 (53.0) 

Number of passes 2.0 [1.0, 3.0] 3.0 [2.0, 4.0] 2.0 [1.0, 3.0] .004 
Time onset to reperfusion (min) 436.0 [291.8, 719.5] 489.5 [319.0, 762.8] 382.0 [282.0, 678.0] .117 
Aetiology rescue stenting .768 

ICAD 388 (91.1) 199 (92.1) 164 (90.6) 
Dissection 33 (7.7) 15 (6.9) 14 (7.7) 
Hard thrombus 5 (1.2) 2 (0.9) 3 ( 1.7) 

(continued) 
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Table 1 Continued. 

Baseline characteristics All patients 
(n = 437)a 

mRS 0–2 
(n = 182) 

mRS 3–6 
(n = 224) 

P-value 

Complications .208 
No 329 (81.8) 165 (80.5) 148 (86.0) 
SAH/vessel perforation 19 (4.7) 11 (5.4) 6 ( 3.5) 
Dissection 10 (2.5) 5 (2.4) 5 ( 2.9) 
Femoral/retroperitoneal hematoma 9 (2.2) 3 (1.5) 5 ( 2.9) 
Other 35 (8.7) 21 (10.2) 8 ( 4.7) 

Abbreviations: BA = basilar artery; ICAD = intracranial atherosclerotic disease; ICT-T = internal carotis terminal; IVT = intravenous thrombolysis; mRS = Modified 
Rankin Scale; mTICI = modified thrombolysis in cerebral infarction; M1 = M1 segment of the middle cerebral artery; NIHSS = National Institutes of Health Stroke 
Scale; SAH = subarachnoid haemorrhage; TIA = transient ischaemic attack. aThirty patients without documented mRS at 90 days. 

Figure 1 Mean systolic blood pressure (SBP) in mmHg with standard error (SE) (error bars) over the first 24 h by outcome group (mRS 0-2 and 3-6 at 
90 days). 

Figure 2 Association between systolic blood pressure (SBP) variability and favourable functional outcome. Scatter points show individual patients with 
favourable outcome (mRS 0–2; coded 1) or unfavourable outcome (mRS 3–6; coded 0) with slight vertical jitter for visibility. The solid line depicts the 
estimated probability of mRS 0–2 at 90 days across the range of SBP variability me asures. Left panel: SBP standard deviation (SD, mmHg). Right panel: 
SBP coefficient of variation (CV, %). Higher SBP variability is associated with a lower estimated prob ability of mR S 0–2.

The baseline characteristics and outcomes in our study align 
with other r etrospective studies of RS. 7–12 Notably, our population 
had a higher prevalence of hypertension (74% vs. 56%), diabetes 

(33% vs. 13% and 14.6%) and prior history of stroke (25.7% vs. 
12.4%), whereas lower prevalence of atrial fibrillation (14.7% vs. 
28.3%), compared to cohorts of unselected acute LVO population
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Table 2 Adjusted BP association with functional independence at 90 days (mR S 0-2). 

aOR 95% CI P-value 

mRS 0-2 at 90 days 
Mean SBP (per 10 mmHg) 0.84 0.71–0.99 .046 
Median SBP (per 10 mmHg) 0.84 0.71–0.99 .046 
Maximum SBP (per 10 mmHg) 0.86 0.73–1.00 .063 
(Maximum SBP (per 10 mmHg), quadratic term) 0.91 0.80–1.04 .176 
Minimum SBP (per 10 mmHg) 1.00 1.00–1.00 .280 
Maximum difference in SBP over 24 h (per 10 mmHg) 1.02 0.90–1.16 .738 
Standard deviation SBP over 24 h (per 10 mmHg) 0.87 0.79–0.96 .007 
Coefficient of variation SBP over 24 h (per 0.1) 0.55 0.38–0.79 .002 
Average real variability SBP (per 10 mmHg) 0.99 0.98–0.99 .004 
Successive variation SBP (per 10 mmHg) 0.59 0.41–0.81 .002 

Abbreviations: aOR = adjusted odds ratio per one unit increase; CI = confidence interval; mRS = Modified Rankin Scale; SBP = systolic blood pr essure. 

undergoing EVT . 1,20 In our study, 91.1% of the physicians sus-

pected ICAD as the underlying cause of the stenosis. The ICAD pop-

ulation represents a distinct subgroup compared to the average 
LVO population, as they have more atherosclerotic risk factors. 
Thus, the higher rates of male sex, hypertension, dyslipidemia, 
diabetes mellitus and posterior circulation occlusions in our pop-

ulation. Patients under going RS are often considered at increased 
risk of bleeding due to the need for antiplatele t loading followed

by continuous antiplatelet maintenance.20 Despite this, in our 
study we report sICH of 9%, similar to previous reports.7,12,20 

Regarding the mean SBP, a meta-analysis of unselected patients 
undergoing EVT reported that higher mean SBP levels during the 
first 24 h after EVT were associated with a lower likelihood of func -
tional improvement.21 In our study, we could not show a statisti-

cally significant correlation, although we do see a trend to wards 
worse outcomes as the mean SBP level increases (Figure 1). 

In our analysis, we were able to show that higher BPV val-

ues, including SBP CV, SBP SD, ARV and SV, were significantly 
associated with worse clinical outcomes at 90 days. Our findings 
are consistent with a previous meta-analysis of unselected L VO

population undergoing EVT.17 Furthermore, in our study higher 
BPV values were not associated with higher risk of sICH, which is 
also consistent with the current literature.17 These findings sug-

gest that BPV also in the RS population may play a significant 
role in long-term outcomes, underscoring the need for careful 
BP monitoring and management in stroke patients with RS after 
failed reperfusion during EVT. Impaired cerebral autoregulation, 
haemodynamic instability and a potentially increased bleeding 
risk, although not observed in our dataset, in the setting of RS and 
concomitant antiplatelet therapy may contribute to the observed 
association. However, given the retrospective design of our study, 
these findings should not be interpreted as causal but rather as 
associative, and BPV may represent either a contributing factor 
or an epiphenomenon reflecting overall clinical instability. Further 
investigation is needed to explore the underlying mechanisms and 
potential therapeutic strat egies to mitigate BPV in this population.

This study has limitations, including its non-randomised ret-

rospective design. The cohort may be underpowered to detect 
existing associations, for example, between mean SBP and clinical 
outcomes. As we excluded all patients with less than four SBP 
measurements, there might be selection bias, because of the pos-

sibility that patients with more comorbidities or complications are 

closely monitored and have more SBP measurements. Four mea-

surements were used as a pragmatic minimum to allow estimation 
of sequential variability indices, but this is lower than would be 
ideal for a stable assessment of 24-h BP variability. Therefore, the 
BP findings should be interpreted as exploratory and hypothesis-

generating. Furthermore, the combination of various peri- and 
postinterventional antihypertensive medications and BP manage-

ment protocols leads to heterogeneity in the study population. 
Finally, the lack of certain follow-up imaging information, particu-

larly infarct volume assessment, as well as the limited number of 
available BP measurements (in some cases only four), represent

additional limitations of this study.

Conclusion 
Higher BPV was associated with worse clinical outcomes in acute 
ischaemic stroke patients treated with RS as bailout therapy after 
failed reperfusion during EVT . No association was shown between 
mean, maximum, minimum and delta SBP and clinical outcomes.
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