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ABSTRACT
Background Systolic blood pressure (SBP) after 
endovascular thrombectomy (EVT) for large artery 
occlusive stroke is dynamic, requiring adaptable early 
prediction tools for improving outcomes. We investigated if 
post- EVT SBP course was associated with outcomes.
Methods EVT- treated patients who had a stroke at 
Karolinska University Hospital, Stockholm, Sweden, 
were included in the study during 12 February 2018–11 
February 2020. SBP was recorded during the first 
24 hours after EVT. Primary outcome was functional 
independence defined by a Modified Rankin Scale score 
of 0–2 at 3 months. Secondary outcomes were death by 
3 months, symptomatic intracranial haemorrhage and 
any intracranial haemorrhage. Patients with favourable 
outcomes were used as a reference SBP course in mixed 
linear effects models and compared with SBP courses of 
patients with unfavourable outcomes using the empirical 
best linear unbiased predictor, measuring deviations from 
the reference SBP course using the random effects. We 
tested model predictive stability for SBP measurements of 
only 18, 12 or 6 hours after EVT.
Results 374 patients were registered, with mean age 
71, median NIHSS score of 15, and 53.2% men. Deviating 
from a linear SBP course starting at 130 mm Hg and 
decreasing to 123 mm Hg at 24 hours after EVT was 
associated with lower chances of functional independence 
(adjusted OR 0.53, 95% CI 0.29 to 0.88, for reaching 
either 99 or 147 mm Hg at 24 hours after EVT). All SBP 
course models for the remaining outcomes did not show 
statistical significance. Functional independence models 
showed stable predictive values for all time periods.
Conclusion Deviating from a linear SBP course was 
associated with lower chances of 3- month functional 
independence.

INTRODUCTION
Blood pressure (BP) management after endo-
vascular thrombectomy (EVT) treatment for 
an acute ischaemic stroke is an important 
factor for achieving favourable outcomes.1–4 
Different BP parameters have been investi-
gated for their association with outcomes. 
Higher mean systolic blood pressure (SBP) 
values and SBP intervals over 24 hours after 
EVT treatment were associated with worse 
outcome.5 6 Higher peak SBP values,7–9 more 

BP variability10 11 and an increase in SBP 
during the first 24 hours after EVT were also 
associated with worse outcomes.12 Several of 
these findings have been confirmed in a meta- 
analysis.13 Yet, these parameters are not indi-
vidualised and require measurements over a 
time period in order to know the parameter 
value, limiting the practical implementation 
of these parameters. In order to potentially 
apply an SBP parameter as a predictive tool in 
clinical practice, it is necessary for it to be both 
associated with outcomes, known at an early 
stage, and to some extent individualised. This 
could be done through careful individual 
monitoring and targeting of SBP after EVT 
treatment, as suggested by a previous study.14 
As SBP after EVT treatment is dynamic, the 
general SBP course of a patient after EVT 
treatment could itself be a useful predictor 
for outcomes. We aimed to investigate if 
SBP course after EVT treatment in patients 
who had large artery occlusion stroke could 
predict favourable outcomes.

MATERIALS AND METHODS
We collected data from all patients who had 
larger artery occlusion stroke who underwent 
EVT treatment at the Karolinska Univer-
sity hospital during 12 February 2018–11 
February 2020. Data were collected retrospec-
tively through the electronic patient charts at 
the hospital. Baseline and demographic char-
acteristics were recorded, in addition to radio-
logical examinations, blood test results, and 
data on EVT procedural outcomes. Outcomes 
from 3- month follow- up visits were recorded 
for all patients who were included during the 
study period. The data that support the find-
ings of this study are available from the corre-
sponding author on reasonable request.

Blood pressure
SBP and diastolic BP were recorded at base-
line, end of EVT procedure, and during the 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2868-127X
http://dx.doi.org/10.1136/bmjno-2021-000183
http://dx.doi.org/10.1136/bmjno-2021-000183
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjno-2021-000183&domain=pdf&date_stamp=2022-01-13


2 Matusevicius M, et al. BMJ Neurol Open 2021;3:e000183. doi:10.1136/bmjno-2021-000183

Open access 

first 24 hours after EVT treatment. BP was measured 
according to the local monitoring protocol, which 
included 21 measurements during the first 24 hours after 
EVT treatment with measurements every 30 min from 0 
hour to 4 hours, measurements every hour from 4 hours 
to 8 hours, and measurements every 2 hours from 8 hours 
to 24 hours. Additional eight optional measurements were 
possible every 2 hours from 9 hours to 23 hours, and these 
data were collected if they were available. The method for 
measuring BP was through non- invasive cuffs.

The local guidelines at Karolinska University Hospital 
recommend using SBP thresholds that are set by the 
physician performing the EVT procedure. Although indi-
vidually chosen SBP thresholds were allowed, they largely 
follow current guidelines,15 with a commonly used SBP 
interval being 100–160 mm Hg for the first 24 hours after 
thrombectomy.

Outcomes
The primary outcome was functional independence at 
3- month follow- up, defined as a Modified Rankin Scale 
score of 0–2. Secondary outcomes were death by 3- month 
follow- up and symptomatic intracerebral haemorrhage 
(SICH) and any intracerebral haemorrhage (ICH) during 
routine follow- up radiological examination performed 
18–36 hours after EVT treatment. We defined SICH by the 
Modified Safe Implementation of Treatment in Stroke 
(mSITS) criteria,5 which defines SICH as a local or remote 
parenchymal haemorrhage type II or any subarachnoid 
haemorrhage on follow- up radiological examination at 
22–36 hours after EVT treatment, in combination with a 
neurological deterioration of ≥4 points in the National 
Institute of Health Stroke Scale (NIHSS) or leading to 
death within 24 hours. We defined any ICH as any sign 
of a parenchymal haemorrhage type I or II, or subarach-
noid haemorrhage on follow- up radiological examination 
at 18–36 hours after EVT treatment. When creating the 
prediction models described further, we used patients 
with favourable outcomes which were patients with func-
tionally independent at 3 months, patients that were alive 
at 3 months, patients with no SICH by mSITS and patients 
with no ICH, for each outcome respectively. Patients with 
missing data on an outcome were excluded from the anal-
yses of that outcome.

Statistical analysis
Baseline and demographic characteristics were presented 
for the entire study population and stratified by primary 
outcome. For group comparisons, Student’s t- test and 
Pearson’s χ2 tests were used for continuous and categor-
ical variables, respectively. We included patients in our 
analyses if they had at least 10 SBP measurements during 
the first 24 hours after EVT treatment.

To investigate if deviating from a specific SBP course 
was associated with outcomes, we created models of SBP 
measurements over the first 24 hours after EVT treat-
ment for every individual patient, allowing for a linear, 
quadratic or cubic shape of the SBP course. The initial 

step for creating each model was to consider the SBP 
course of patients with favourable outcomes as a refer-
ence SBP course, applying the differently shaped curves 
to their SBP measurements. This SBP course was then 
compared with patients with unfavourable outcomes. 
As the shape of the curve of SBP measurements over 24 
hours will not match every patient’s SBP measurement 
exactly, we could test if deviating from the SBP course 
could itself be associated with outcomes.

Each predictive model was created in three steps, which 
are summarised as follows and explained in more details 
further: (1) estimation of the SBP course for patients with 
favourable outcome using a linear mixed effects model; 
(2) calculating the random effects for each patient in the 
entire study population with empirical best linear unbi-
ased predictors (EBLUPs), which provides a value for 
how much any patient is deviating from the SBP course 
of patients with favourable outcome; and (3) prediction 
of the outcome through logistic regression models using 
the random effects of each patient as the predictor. These 
steps were based on the previous work by Sandström et 
al.16

Step 1 of the prediction model
In the first step, we estimated, for each outcome, a linear 
mixed effects model for the association of SBP over the 
first 24 hours after EVT in patients who had favourable 
outcomes. We included random effects for each coeffi-
cient of the model, including the intercept, producing 
the following linear mixed models:

 SBPi,j =
(
a1 + ui,0

)
+

(
b1 + ui,1

)
∗time + ei,j   

 

SBPi,j =
(
a2 + vi,0

)
+

(
b2 + vi,1

)
∗time +(

c2 + vi,2
)
∗time2̂ + ei,j   

 

SBPij =
(
a3 + wi,0

)
+
(
b3 + wi,1

)
∗ time(

c3 + wi,2
)
∗ time2̂ +

(
d3 + wi,3

)
∗ time3̂ + ei,j   

for linear, quadratic and cubic versions, respectively, 
where time was measured in hours. Subscript i was for 
the ith patient, and j was for the jth SBP measurement, 
as each patient could have a different number of total 
SBP measurements. The fixed effects a, b, c and d were 
the SBP course parameters for the fixed effect coeffi-
cients for the functions’ level, trend, curvature and twist, 
respectively, where applicable, and differed for each 
version. The random effects vectors u=(u0, u1)′, v=(v0, v1, 
v2)′, and w=(w0, w1, w2, w3)′ for the linear, quadratic and 
cubic versions, respectively, were patient specific. They 
represented the individual deviation for each patient 
from the fixed effects of the linear mixed effects model. 
The residual term ei,j was assumed to follow a zero- mean 
normal distribution with variance equal to the SD of the 
residuals squared (σe

2).
The random effects vectors for each patient were 

assumed to follow a multivariate normal distribution 
with mean equal to the n- dimensional vector of zeros and 
covariance matrix (G matrix), where n was the length of 



3Matusevicius M, et al. BMJ Neurol Open 2021;3:e000183. doi:10.1136/bmjno-2021-000183

Open access

the random vector, that is, the number of coefficients, in 
that version of the predictive model:

 

G=




γ1,1 · · · γ1,n
...

. . .
...

γ1,n · · · γn,n



 . 

The diagonal γ1,1 to γn,n was constrained to be positive, 
while the remaining values were left unconstrained. The 
random vectors and the residual ei,j were assumed to be 
independent of each other and the time after the EVT 
procedure.

Step 2 of the prediction model
The second step of the predictive models was to obtain 
the random effects for both patients with favourable and 
unfavourable outcome, by using the fixed effects found in 
step 1 as a reference point. Essentially, this was to numeri-
cally quantify the deviation of each patient from the fixed 
effects in step 1. For each patient, we used the EBLUP to 
estimate the random effects vectors u, v and w, separately, 
with

 
random vector = GŹi

(
ZiGŹi + σ2

e Ii

)−1 (
qi − Ziα

)
 , 

where G was the G matrix, σe
2 was the variance of the 

residuals; α was the vector of fixed effects for the predic-
tive model version; Ii was the identity matrix for a specific 
patient; qi was the vector of SBP measurements for a 
specific patient; and Zi was a matrix of (time0, …, timen) 
with n being the number of coefficients in that version of 
the prediction model. While G, σe

2 and α were the same 
for all patients within a prediction model version, Zi and Ii 
differed in he number of rows for each patient based on 
the number of SBP measurements for that patient.

Using the EBLUP to acquire the random effects for the 
entire population has several advantages.17 The EBLUP 
optimally merges the observed SBP values for each patient 
to the observed values for the population as a whole in 
order to predict a patient’s trajectory over time. The 
EBLUP uses shrinkage of the observed residual (qi−Ziα) by 
a factor of GZi′(ZiGZi′+σe

2Ii)
−1 to predict by how much the 

patient differs from the population trajectory. When the 
shrinkage factor is large, the predicted trajectory nears 
the population trajectory. When the shrinkage factor is 
small, the predicted trajectory nears the observed values 
for the patient. There are two quantities on which the 
shrinkage depends: the number of SBP measurements, 
and the relative magnitude of the variability between 
patients and within a patient’s measurements. Therefore, 
the shrinkage factor varies from patient to patient.

Step 3 prediction model
The third step of the prediction models involved using 
values of the random vectors obtained in step 2 in logistic 
regression models for the outcomes. For each version 
of the prediction models, all random effects were used 
in the logistic regression models at the same time. Vari-
ables that were deemed clinically relevant according to 

a directed acyclic graph approach18 were also added into 
the logistic regression models. These covariates were age, 
sex, baseline NIHSS score, history of hypertension and 
recanalisation grade by Modified Treatment in Cerebral 
Infarction (mTICI) score dichotomised as mTICI 2b- 3 vs 
mTICI 0 to 2a.19

The three steps described previously are inherently 
prone to produce possibly underestimated results in 
step 3, as the steps do not consider any uncertainty in 
the results from steps 1 and 2. To address this issue, we 
performed bootstrapping of all the steps for each predic-
tion model version using 1000 iterations per bootstrap. 
The 95% CIs produced by bootstrapping were presented 
with the point estimates of step 3.

These three steps were used to compare the SBP courses 
of two populations, in our case patients with favourable 
outcomes and patients with unfavourable outcomes. The 
patients with favourable outcomes were used as a refer-
ence SBP course. The reference SBP courses were the 
fixed effects calculated in step 1, where the SBP course 
could be modelled from time 0 hour to 24 hours after 
EVT treatment following the linear, quadratic or cubic 
shapes for each model. However, even patients with 
favourable outcome do not necessarily have values that 
exactly matched the reference SBP course. Therefore, it 
was necessary to calculate how far from the SBP course 
an individual may deviate while still predicting favour-
able outcome. This is measured through the individual 
random effects of each patient. However, the fixed 
and random effects from step 1 are known only for the 
patients with favourable outcomes, meaning that there 
are no values for patients with unfavourable outcomes. 
To solve this, we used the EBLUP. The EBLUP uses the 
fixed effects, in other words, reference SBP course, of the 
original population to apply the observed values of the 
patients in the new population as if they were part of the 
original population using the G matrix and the variance 
of the residuals of the original population (which repre-
sent the variation of the random effects in the original 
population). This creates random effects for the new 
population that are essentially the quantified deviation 
from the reference SBP course of the original popula-
tion. Because we now have the deviation from the refer-
ence SBP course for both patients with favourable and 
unfavourable outcomes, we can test to see if the devia-
tion itself can be used to predict favourable outcome in 
logistic regression models.

To compare the prediction models and their predictive 
stability, we used the area under the curve (AUC) from 
the receiver operating characteristic curves. In addition 
to all the SBP measurements that were collected during 
24 hours after EVT treatment, we tested the predictive 
stability of the reference SBP course in different scenarios 
by using data which contained SBP measurements for 
only 18, 12 or 6 hours after EVT treatment. Due to fewer 
SBP measurements in these time scenarios, we included 
patients with a minimum of 8, 6 and 3 SBP measure-
ments during the time scenarios of 18, 12 and 6 hours, 
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respectively. For these scenarios, the fixed effects, the G 
matrices and the variance of the residuals remained the 
same. Due to the different number of SBP measurements 
within the shorter time scenarios, the random vectors 
changed for each patient for each scenario.

All statistical analyses were performed with the software 
R V.4.0.4 ( cran. r- project. org).

Data availability statement
The data that support the findings of this study are 
available from the corresponding author on reasonable 
request.

RESULTS
During the study period, 374 patients treated with EVT 
at our hospital were included in the study (figure 1). The 
mean age was 71; the median baseline NIHSS score was 
15; and 53% of the patients were men (table 1). Patients 
who achieved functional independence at 3 months were 
younger (mean 67 years vs 76 years, p<0.001), had lower 
NIHSS scores (median 13 points vs 18 points, p<0.001), 
similar proportion of history of hypertension (39% vs 
49%, p=0.059) and higher proportion of successful reper-
fusion (87% vs 70%, p<0.001). The median number of 
BP measurements was 20 for the 24- hour period, 17 for 
the 18- hour period, 15 for the 12- hour period and 11 for 
the 6- hour period after EVT treatment. Compared with 
patients who were functionally independent at 3 months 
of follow- up, patients who were dead or dependent had 
higher values for SBP during the first 24 hours after SBP 
(figure 2). Among the study participants, 169 (45.2%) 
achieved functional independence, 292 (78.1) were alive 
by 3 months of follow- up; 354 (94.7%) had no SICH; and 
321 (85.8%) had no ICH. Fifty eight patients (15.5%) 
had fewer than 10 SBP measurement during the first 24 

hours after EVT treatment and were excluded from the 
analyses.

The fixed effects of the linear mixed effects models, 
which are the reference SBP course, showed similar 
values for the level parameter for each shape of the asso-
ciation but differing values for the remaining SBP course 
parameters (table 2). For functional independence, the 
quadratic and cubic shapes of the associations seemed to 
follow each other well for the first 12 hours (figure 3). 
This was similar to the fixed effects seen for the remaining 
outcomes. The G matrices for the linear mixed effects 
models are shown in online supplemental table 1, and 
the variance of the residuals is shown in online supple-
mental table 2.

The logistic regression models showed varying results 
based on the shape of the associations and outcomes 
(online supplemental table 3). For functional indepen-
dence at 3 months of follow- up, we observed that devi-
ating from the reference SBP course’s trend parameter 
for the linear association significantly reduced the chance 
for functional independence at 3 months of follow- up 
(adjusted OR 0.53, 95% CI 0.29 to 0.88, when reaching 
either 99 or 147 mm Hg at 24 hours after EVT). For death 
by 3 months, SICH by mSITS and any ICH, no model 
version showed statistically significant results when devi-
ating from the reference SBP course.

AUC values for the logistic regression models for func-
tional independence showed that for SBP measurements 
during the first 24 hours after EVT, the quadratic and 
cubic prediction models had the best predictive power 
(table 3). All versions of the prediction models for func-
tional independence maintained AUC values over 0.8 for 
all time scenarios. For death by 3 months, all the models 
showed AUC values of around 0.8 that were stable in all 
time scenarios but with AUC values lower than the models 
for functional independence. The models for SICH by 
mSITS and any ICH showed AUC values below 0.7 in all 
time scenarios.

DISCUSSION
Our study found that deviating from a linearly shaped 
SBP course based on patients with functional indepen-
dence during the first 24 hours after EVT treatment for 
large artery occlusive stroke was significantly associated 
with a lower chance of functional independence at 3 
months. The prediction capacity of this model was stable 
even when only using SBP measurements for the first 
6 hours after EVT.

Understanding how to manage BP after EVT treatment 
poses several challenges. Only one randomised controlled 
trial (RCT) has been completed on BP after EVT treat-
ment, where an intervention goal of SBP <130 mm Hg 
for the first 24 hours after EVT did not reduce intra-
parenchymal haemorrhage.20 The upper limit of SBP 
in the intervention arm was ambitious, considering 
the observational data available when the study began 
enrolment.1 4 9 21 22 However, more recent observational 

Figure 1 Study flowchart. BP, blood pressure; EVT, 
endovascular thrombectomy; ICH, intracerebral 
haemorrhage; mRS, Modified Rankin Scale; SICH, 
symptomatic intracerebral haemorrhage.

https://dx.doi.org/10.1136/bmjno-2021-000183
https://dx.doi.org/10.1136/bmjno-2021-000183
https://dx.doi.org/10.1136/bmjno-2021-000183
https://dx.doi.org/10.1136/bmjno-2021-000183


5Matusevicius M, et al. BMJ Neurol Open 2021;3:e000183. doi:10.1136/bmjno-2021-000183

Open access

Table 1 Baseline and demographic characteristics and radiological follow- up results

mRS score 0–2
at 3 months

mRS score 3–6
at 3 months P value

Missing mRS 
score at 3 months

n 169 175 30

Age* 66.5 (12.7) 75.8 (12.1) <0.001 68.6 (10.6)

SBP, baseline* 146.1 (20.8) 150.2 (27.3) 0.139 148.1 (30.9)

Diastolic blood pressure, baseline* 82.8 (14.3) 83.5 (18.5) 0.751 86.9 (20.8)

Glucose, baseline (mmol/L)* 7.6 (5.0) 8.4 (5.1) 0.140 7.6 (2.6)

Cholesterol, baseline (mmol/L)* 4.2 (1.0) 3.9 (1.1) 0.026 4.0 (1.1)

Onset to recanalisation time (min)* 337.6 (239.4) 319.5 (207.1) 0.295 337.2 (180.5)

EVT procedural time (min)* 110.9 (98.8) 129.7 (77.4) 0.084 108.0 (56.7)

NIHSS score, baseline† 13 (7–19) 18 (13–21) <0.001 14.5 (7.75–19.25)

mRS score, baseline† 0 (0–0) 0 (0–2) <0.001 0 (0–0)

Sex, male‡ 60.9 (103/169) 46.9 (82/175) 0.012 46.7 (14/30)

Platelet inhibitors, baseline‡ 16.0 (27/169) 20.6 (36/175) 0.336 23.3 (7/30)

Anticoagulants, baseline‡ 18.3 (31/169) 28.0 (49/175) 0.046 6.7 (2/30)

Antihypertensive, baseline‡ 55.0 (93/169) 66.3 (116/175) 0.043 46.7 (14/30)

Statin, baseline‡ 29.6 (50/169) 32.0 (56/175) 0.713 20.0 (6/30)

Hypertension, baseline‡ 38.5 (65/169) 49.1 (86/175) 0.059 40.0 (12/30)

Hyperlipidaemia, baseline‡ 6.5 (11/169) 6.3 (11/175) 1.000 10 (3/30)

Diabetes mellitus, baseline‡ 8.9 (15/169) 18.3 (32/175) 0.017 16.7 (5/30)

Smoking, baseline‡ 24.9 (42/169) 21.7 (38/175) 0.575 16.7 (5/30)

Atrial fibrillation, baseline‡ 26.6 (45/169) 33.7 (59/175) 0.189 13.3 (4/30)

Congestive heart failure‡ 9.5 (16/169) 14.9 (26/175) 0.173 3.3 (1/30)

Previous TIA‡ 4.7 (8/169) 5.7 (10/175) 0.868 3.3 (1/30)

Previous stroke‡ 10.1 (17/169) 17.7 (31/175) 0.058 13.3 (4/30)

Aetiology, CE‡ 46.2 (78/169) 54.3 (95/175) 0.161 36.7 (11/30)

Aetiology, LAA‡ 24.3 (41/169) 26.3 (46/175) 0.758 30.0 (9/30)

Aetiology, other‡ 5.9 (10/169) 3.4 (6/175) 0.401 0.0 (0/30)

Circulation anterior/posterior, anterior‡ 90.5 (153/169) 88.6 (155/175) 0.676 93.3 (28/30)

ICA‡ 7.7 (13/169) 10.9 (19/175) 0.410 3.3 (1/30)

T‡ 10.1 (17/169) 15.4 (27/175) 0.184 6.7 (2/30)

M1‡ 50.9 (86/169) 50.9 (89/175) 1.000 66.7 (20/30)

M2‡ 18.3 (31/169) 10.3 (18/175) 0.047 16.7 (5/30)

Basilaris‡ 6.5 (11/169) 6.9 (12/175) 1.000 6.7 (2/30)

ASPECTS† 9 (7, 10) 8 (7, 9) 0.042 8 (7.75, 9)

mCTA† 3 (3, 4) 3 (2, 4) 0.394 3 (3, 4)

IVT treatment‡ 53.3 (90/169) 38.9 (68/175) 0.010 50.0 (15/30)

mTICI 2b- 3 86.6 (142/164) 69.5 (121/174) <0.001 26.7 (8/30)

Antihypertensive treatment during 24 hours 
post- EVT, intravenous‡

17.3 (29/169) 37.1 (65/175) <0.001 16.7 (5/30)

Antihypertensive treatment during 24 hours 
post- EVT, oral‡

34.3 (58/169) 20.6 (36/175) 0.006 23.3 (23/30)

Haemorrhagic infarction type I at follow- up 
of 18–36 hours‡

7.7 (13/168) 10.5 (18/172) 0.493 10.0 (3/30)

Haemorrhagic infarction type II at follow- 
up of 18–36 hours‡

0.0 (0/168) 2.3 (4/172) 0.137 0.0 (0/30)

Continued
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data would support SBP thresholds of this level when 
compared with higher thresholds.5 23 Several RCTs are 
currently enrolling patients for interventions on SBP, with 
SBP targets ranging from <120 to <140 mm Hg vs controls 
with SBP <180 mm Hg, where the controls follow current 
guidelines.15 In our reference SBP course models based 
on patients with favourable outcomes, all of our models 
suggested SBP values of <140 mm Hg during the first 24 
hours after EVT treatment, yet no reference SBP course 
model suggested SBP values of <120 mm Hg.

Several BP parameters have been shown to be associ-
ated with outcomes after EVT treatment in observational 
studies. Higher peak or maximum values of BP after EVT 
have been shown to be associated with poor outcomes,3 7 8 
with one study suggesting that a peak value of SBP >158 mm 
Hg could be used to discriminate unfavourable outcome.7 

Additionally, different methods of measuring SBP vari-
ation during the first 24 hours after EVT treatment have 
been investigated, showing an increased risk of unfavour-
able outcome with increased variation in the form of SBP 
SD,11 24 mean successive variation10 11 24 and coefficient of 
variation.11 24 While several BP parameters show associa-
tions with outcomes in observational data, most of them 
share a critical practical drawback, namely, that they are 
unknown until a period of time has passed. This limits the 
possibility of using them in clinical practice, as they would 
not aid the treating physician in making choices during 
those critical initial 24 hours. In contrast, our prediction 
models based on a linear SBP course for patients with 
favourable outcomes showed a stable predictive capacity 
for functional independence, even when only using SBP 
measurements for the first 6 hours after EVT, suggesting 
that the prediction models could be used at an early stage 
after EVT. Similarly, recent studies have suggested alterna-
tive parameters that could potentially be used during the 
first 24 hours after EVT. One study demonstrated that SBP 
change from baseline or end of EVT procedure to 0–2, 2–4, 
4–12 and 12–24 hours after EVT treatment was associated 
with worse outcomes, with an even higher risk of worse 
outcomes for increasing in SBP as opposed to decreasing 
SBP.12 Another study created personalised limits of autoreg-
ulation for each patient based on their mean arterial pres-
sure and tissue oxygenation index, which changes based 
on readings after EVT treatment, showing that going above 
the upper personalised limits was associated with worse 
outcomes.14 These recent findings suggest that it could be 
possible to use parameters which are known immediately 
or shortly after EVT to evaluate a trend or course of BP, 
with our results potentially adding to this knowledge.

mRS score 0–2
at 3 months

mRS score 3–6
at 3 months P value

Missing mRS 
score at 3 months

Parenchymal haemorrhage type I at follow- 
up of 18–36 hours‡

3.0 (5/168) 3.5 (6/172) 1.000 6.7 (2/30)

Parenchymal haemorrhage type II at 
follow- up of 18–36 hours‡

2.4 (4/168) 6.4 (11/172) 0.124 0.0 (0/30)

Remote parenchymal haemorrhage type I 
follow- up of 18–36 hours‡

1.2 (2/168) 0.6 (1/172) 0.984 0.0 (0/30)

Remote parenchymal haemorrhage type II 
at follow- up of 18–36 hours‡

0.0 (0/168) 0.0 (0/172) – 0.0 (0/30)

Subarachnoid haemorrhage at follow- up of 
18–36 hours‡

4.2 (7/168) 9.3 (16/172) 0.095 6.7 (2/30)

P value calculated for mRS score of 0–2 vs mRS score of 3–6. For group comparisons of continuous and categorical variables, Student’s t- 
test and Pearson’s χ2 test were used, respectively.
*Mean (SD).
†Median (IQR).
‡Per cent (n cases, n total).
ASPECTS, Alberta Stroke Program Early CT Score; CE, cardiac embolism; EVT, endovascular thrombectomy; ICA, interncal carotid artery; 
IVT, intravenous thrombolysis; LAA, large artery occlusion; M, middle cerebral artery; mCTA, multiphase CT angiography; mRS, Modified 
Rankin Scale; mTICI, Modified Treatment in Cerebral Infarction; NIHSS, National Institute of Health Stroke Scale; SBP, systolic blood pressure; 
T, T- occlusion; TIA, transient ischaemic attack.

Table 1 Continued

Figure 2 SBP measurements during the first 24 hours after 
EVT treatment, by 3- month MRS outcome. EVT, endovascular 
thrombectomy; mRS, Modified Rankin Scale; SBP, systolic 
blood pressure.
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Having a clearly defined and validated SBP threshold 
after EVT treatment could be an easily applicable 
approach for SBP management. The focus on SBP 
thresholds in current RCTs is most likely in part due to 
the current guidelines, which recommend keeping blood 

pressure below 180/105 mm Hg after EVT.15 The guide-
line threshold has largely been questioned, with several 
studies suggesting lower thresholds or intervals in obser-
vational data given SBP values over the first 24 hours after 
EVT.3 5 23 While lower thresholds show promising results 
in observational data, caution should still be used when 
suggesting them as thresholds for all patients, as these 
observational studies show that many patients who do not 
reach BP values under the thresholds still have favourable 
outcomes. As suggested by Fischer and Mattle,2 being 
more selective as to which patients to treat could provide 
both better results and more effective treatments. In addi-
tion to the SBP parameters themselves, several potential 
factors have been suggested which affect association of 
SBP parameters with outcomes after EVT. Reperfusion 
grade has been shown to affect SBP parameters, with 
differences in the associations to outcomes based on 
reperfusion grade.3 5 24 25 Additionally, collateral status 
has also been suggested to affect the association of SBP 
parameters and outcomes.24 In our study, we adjusted 
our logistic regression models for reperfusion grade. We 
did not adjust for collateral score, as there was a high 
number of missing data for this variable (50%). Factors 
such as infarct site at baseline radiological examination 
could also be of interest in future prediction models and 
further on in clinical trials.

This study has some limitations. First, our single- centre 
study included a modest number of patients that were not 
based on any power calculation due to a lack of prior data 
on SBP course. Our more flexible SBP course models 
may therefore lack statistical power, which may be why 
some of the more flexible models did not show statisti-
cally significant results yet had good predictive capacity. 
On the other hand, the more flexible models held good 
predictive capabilities, which could be a sign of over-
fitting. Second, we did not include information on BP 

Table 2 Fixed effects for the mixed effects models by prediction model version

Outcome Models Level Trend Curvature Twist

mRS score 0–2 at 3 
months

Linear model 129.78 −0.28378 – –

Quadratic model 132.50 −1.2406 0.04379 –

Cubic model 133.54 −1.9443 0.12573 −0.00240

Alive at 3 months Linear model 131.02 −0.23423 – –

Quadratic model 133.34 −1.0488 0.03721 –

Cubic model 134.06 −1.5385 0.09416 −0.00166

No SICH by mSITS Linear model 131.99 −0.21927 – –

Quadratic model 134.06 −0.94195 0.03302 –

Cubic model 134.57 −1.2899 0.07348 −0.00118

No ICH Linear model 132.22 −0.22255 – –

  Quadratic model 134.27 −0.93689 0.03259 –

  Cubic model 134.93 −1.3832 0.08448 −0.00151

ICH, intracerebral haemorrhage; mRS, Modified Rankin Scale; mSITS, Modified Safe Implementation of Treatment in Stroke; SICH, 
symptomatic intracerebral haemorrhage.

Figure 3 Fixed effects from the mixed effects models for 
each favourable outcome by prediction model version. (A) 
mRS score of 0–2 at 3 months. (B) alive by 3 months. (C) 
No SICH on follow- up radiological examination. (D) No ICH 
on follow- up radiological examination. Solid line indicates 
the linear model; dashed line denotes the quadratic model; 
dotted line indicates the cubic model. EVT, endovascular 
thrombectomy; ICH, intracerebral haemorrhage; mRS, 
Modified Rankin Scale; SBP, systolic blood pressure; SICH, 
symptomatic intracerebral haemorrhage.
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treatments in our statistical models, which could affect 
both the results and SBP courses we observed. We did not 
want to add more flexibility in our SBP course models 
by including the time- specific intervention of BP treat-
ments, but this could potentially hide an effect created by 
BP- altering treatments. Third, we excluded patients with 
less than 10 BP measurements during the first 24 hours 
after EVT in our analyses to improve model stability, but 
this could potentially add bias when excluding this partic-
ular patient subgroup. Finally, we did not add occlusion 
site, collateral status or Alberta Stroke Program Early CT 
Score (ASPECTS) in our statistical models. We chose to 
not include occlusion site due to its even distribution 
between the modelling populations, and we chose to 
not include collateral status and ASPECTS due to a high 
number of missing data. These important factors may 
affect the models that we presented.

CONCLUSION
In conclusion, our single- centre study showed that for 
patients who had a large artery occlusive stroke who were 
treated with EVT, deviation from a linear SBP course 
based on patients with functional independence during 
the first 24 hours after EVT treatment was associated with 
lower chances of functional independence at 3 months. 
We hope to continue to improve and test the predictive 
models in another patient cohort in order to validate 
their accuracy.

Acknowledgements First and foremost, we thank all the patients for their 
participation in the study. We also thank the clinical staff at the stroke unit at 
the Karolinska University Hospital Solna for their cooperation with the study 
investigators when collecting the necessary data for this study.

Contributors All authors of this manuscript contributed to the planning of the 
manuscript. MM, CC and NA collected the data for the manuscript. MM, MB and NA 
were responsible for the analysis and reporting of the data. All authors contributed 

to the writing of the manuscript. The corresponding author (MM) is the guarantor of 
this article.

Funding MM and NA received funding from the Stockholm Regional Council. MM 
and NA received funding from the Swedish Stroke Foundation. MM and NA received 
funding by the Karolinska Institute. SH received funding from the MedTechLabs and 
the Söderberg Foundations.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval The current study was approved by the Stockholm County 
Regional Ethical Board (Dnr 2017/2282- 31/2) for patient inclusion with informed 
consent, and later for patient inclusion retrospectively (Dnr 2020- 01293).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Marius Matusevicius http://orcid.org/0000-0002-2868-127X

REFERENCES
 1 Martins AI, Sargento- Freitas J, Silva F, et al. Recanalization 

modulates association between blood pressure and functional 
outcome in acute ischemic stroke. Stroke 2016;47:1571–6.

 2 Fischer U, Mattle HP. Blood pressure in acute stroke: still no answer 
for management. stroke; a Journal of cerebral circulation. United 
States, 2017: 1717–9.

Table 3 AUC values for the prediction model versions, by hours of SBP measurements testing the models

Outcome Model 24 hours 18 hours 12 hours 6 hours

mRS score 0–2 at 3 
months

Linear model 0.830 0.833 0.835 0.820

Quadratic model 0.837 0.835 0.836 0.823

Cubic model 0.837 0.835 0.836 0.823

Alive at 3 months Linear model 0.799 0.797 0.801 0.795

Quadratic model 0.801 0.800 0.801 0.795

Cubic model 0.801 0.800 0.801 0.795

No SICH by mSITS Linear model 0.636 0.679 0.650 0.662

Quadratic model 0.633 0.669 0.653 0.667

Cubic model 0.632 0.669 0.655 0.666

No ICH Linear model 0.604 0.608 0.600 0.594

  Quadratic model 0.603 0.610 0.605 0.596

  Cubic model 0.628 0.637 0.628 0.612

AUC, area under the curve; ICH, intracerebral haemorrhage; mRS, Modified Rankin Scale; mSITS, Modified Safe Implementation of Treatment 
in Stroke; SICH, symptomatic intracerebral haemorrhage.

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-2868-127X
http://dx.doi.org/10.1161/STROKEAHA.115.012544


9Matusevicius M, et al. BMJ Neurol Open 2021;3:e000183. doi:10.1136/bmjno-2021-000183

Open access

 3 Goyal N, Tsivgoulis G, Pandhi A, et al. Blood pressure levels post 
mechanical thrombectomy and outcomes in large vessel occlusion 
strokes. Neurology 2017;89:540–7.

 4 John S, Hazaa W, Uchino K, et al. Timeline of blood pressure 
changes after intra- arterial therapy for acute ischemic stroke based 
on recanalization status. J Neurointerv Surg 2017;9:455–8.

 5 Matusevicius M, Cooray C, Bottai M, et al. Blood pressure after 
endovascular thrombectomy: modeling for outcomes based on 
recanalization status. Stroke 2020;51:519–25.

 6 Anadani M, Orabi Y, Alawieh A, et al. Blood pressure and outcome 
post mechanical thrombectomy. J Clin Neurosci 2019;62:94–9.

 7 Mistry EA, Sucharew H, Mistry AM, et al. Blood pressure after 
endovascular therapy for ischemic stroke (best): a multicenter 
prospective cohort study. Stroke 2019;50:3449–55.

 8 Anadani M, Orabi MY, Alawieh A, et al. Blood pressure and outcome 
after mechanical thrombectomy with successful revascularization. 
Stroke 2019;50:2448–54.

 9 Mistry EA, Mistry AM, Nakawah MO, et al. Systolic Blood Pressure 
Within 24 Hours After Thrombectomy for Acute Ischemic Stroke 
Correlates With Outcome. J Am Heart Assoc 2017;6.

 10 Cho B- H, Kim J- T, Lee JS, et al. Associations of various blood 
pressure parameters with functional outcomes after endovascular 
thrombectomy in acute ischaemic stroke. Eur J Neurol 
2019;26:1019–27.

 11 Mistry EA, Mehta T, Mistry A, et al. Blood pressure variability and 
neurologic outcome after endovascular thrombectomy: a secondary 
analysis of the best study. Stroke 2020;51:511–8.

 12 Anadani M, Matusevicius M, Tsivgoulis G, et al. Magnitude of blood 
pressure change and clinical outcomes after thrombectomy in stroke 
caused by large artery occlusion. Eur J Neurol 2021;28:1922–30.

 13 Malhotra K, Goyal N, Katsanos AH, et al. Association of blood 
pressure with outcomes in acute stroke thrombectomy. Hypertension 
2020;75:730–9.

 14 Petersen NH, Silverman A, Strander SM, et al. Fixed compared with 
Autoregulation- Oriented blood pressure thresholds after mechanical 
thrombectomy for ischemic stroke. Stroke 2020;51:914–21.

 15 Powers WJ, Rabinstein AA, Ackerson T, et al. 2018 guidelines for the 
early management of patients with acute ischemic stroke: a guideline 
for healthcare professionals from the American heart Association/
American stroke association. Stroke 2018;49:e46–110.

 16 Sandström A, Snowden JM, Bottai M, et al. Routinely collected 
antenatal data for longitudinal prediction of preeclampsia 
in nulliparous women: a population- based study. Sci Rep 
2021;11:17973.

 17 Li H, Lahiri P. Adjusted maximum likelihood method in small area 
estimation problems. J Multivar Anal 2010;101:882–92.

 18 Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic 
research. Epidemiology 1999;10:37–48.

 19 Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on 
angiographic revascularization grading standards for acute ischemic 
stroke. Stroke 2013;44:2650–63.

 20 Mazighi M, Richard S, Lapergue B, et al. Safety and efficacy of 
intensive blood pressure lowering after successful endovascular 
therapy in acute ischaemic stroke (BP- TARGET): a multicentre, open- 
label, randomised controlled trial. Lancet Neurol 2021;20:265–74.

 21 Mulder MJHL, Ergezen S, Lingsma HF, et al. Baseline blood pressure 
effect on the benefit and safety of intra- arterial treatment in MR clean 
(multicenter randomized clinical trial of endovascular treatment of 
acute ischemic stroke in the Netherlands). Stroke 2017;48:1869–76.

 22 Mattle HP, Kappeler L, Arnold M, et al. Blood pressure and vessel 
recanalization in the first hours after ischemic stroke. Stroke 
2005;36:264–8.

 23 Anadani M, Arthur AS, Tsivgoulis G, et al. Blood pressure goals 
and clinical outcomes after successful endovascular therapy: a 
multicenter study. Ann Neurol 2020;87:830–9.

 24 Huang X, Guo H, Yuan L, et al. Blood pressure variability 
and outcomes after mechanical thrombectomy based on the 
recanalization and collateral status. Ther Adv Neurol Disord 
2021;14:1756286421997383.

 25 Goyal N, Tsivgoulis G, Pandhi A, et al. Blood pressure levels post 
mechanical thrombectomy and outcomes in non- recanalized large 
vessel occlusion patients. J Neurointerv Surg 2018;10:925–31.

http://dx.doi.org/10.1212/WNL.0000000000004184
http://dx.doi.org/10.1136/neurintsurg-2016-012369
http://dx.doi.org/10.1161/STROKEAHA.119.026914
http://dx.doi.org/10.1016/j.jocn.2018.12.011
http://dx.doi.org/10.1161/STROKEAHA.119.026889
http://dx.doi.org/10.1161/STROKEAHA.118.024687
http://dx.doi.org/10.1161/JAHA.117.006167
http://dx.doi.org/10.1111/ene.13951
http://dx.doi.org/10.1161/STROKEAHA.119.027549
http://dx.doi.org/10.1111/ene.14807
http://dx.doi.org/10.1161/HYPERTENSIONAHA.119.14230
http://dx.doi.org/10.1161/STROKEAHA.119.026596
http://dx.doi.org/10.1161/STR.0000000000000158
http://dx.doi.org/10.1038/s41598-021-97465-3
http://dx.doi.org/10.1016/j.jmva.2009.10.009
http://dx.doi.org/10.1097/00001648-199901000-00008
http://dx.doi.org/10.1161/STROKEAHA.113.001972
http://dx.doi.org/10.1016/S1474-4422(20)30483-X
http://dx.doi.org/10.1161/STROKEAHA.116.016225
http://dx.doi.org/10.1161/01.STR.0000153052.59113.89
http://dx.doi.org/10.1002/ana.25716
http://dx.doi.org/10.1177/1756286421997383
http://dx.doi.org/10.1136/neurintsurg-2017-013581

	Association between systolic blood pressure course and outcomes after stroke thrombectomy
	Abstract
	Introduction
	Materials and methods
	Blood pressure
	Outcomes
	Statistical analysis
	Step 1 of the prediction model
	Step 2 of the prediction model
	Step 3 prediction model

	Data availability statement

	Results
	Discussion
	Conclusion
	References


