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Background-—Current guidelines suggest treating blood pressure above 180/105 mm Hg during the first 24 hours in patients
with acute ischemic stroke undergoing any form of recanalization therapy. Currently, no studies exist to guide blood pressure
management in patients with stroke treated specifically with mechanical thrombectomy. We aimed to determine the association
between blood pressure parameters within the first 24 hours after mechanical thrombectomy and patient outcomes.

Methods and Results-—We retrospectively studied a consecutive sample of adult patients who underwent mechanical
thrombectomy for acute ischemic stroke of the anterior cerebral circulation at 3 institutions from March 2015 to October 2016.
We collected the values of maximum, minimum, and average values of systolic blood pressure, diastolic blood pressure, and mean
arterial pressures in the first 24 hours after mechanical thrombectomy. Primary and secondary outcomes were patients’ functional
status at 90 days measured on the modified Rankin scale and the incidence and severity of intracranial hemorrhages within
48 hours. Associations were explored using an ordered multivariable logistic regression analyses. A total of 228 patients were
included (mean age 65.8�14.3; 104 males, 45.6%). Maximum systolic blood pressure independently correlated with a worse 90-
day modified Rankin scale and hemorrhagic complications within 48 hours (adjusted odds ratio=1.02 [1.01–1.03], P=0.004; 1.02
[1.01–1.04], P=0.002; respectively) in multivariable analyses, after adjusting for several possible confounders.

Conclusions-—Higher peak values of systolic blood pressure independently correlated with worse 90-day modified Rankin scale and
a higher rate of hemorrhagic complications. Further prospective studies are warranted to identify whether systolic blood pressure is
a therapeutic target to improve outcomes. ( J Am Heart Assoc. 2017;6:e006167. DOI: 10.1161/JAHA.117.006167.)
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S everal major clinical trials have demonstrated superi-
ority of mechanical thrombectomy (MT) compared

with standard medical treatment, including intravenous
thrombolysis using tissue plasminogen activator (tPA) if
eligible, for patients presenting with acute ischemic
stroke (AIS) caused by a large anterior circulation vessel
occlusion.1–5

An important difference between the 2 therapies is in their
ability to achieve vessel recanalization. With intravenous tPA,
a sustained, successful recanalization is achieved in less than
30% to 40% of the cases with proximal arterial occlusions.6–9

Therefore, efforts to increase perfusion with permissive
hypertension up to 180/105 mm Hg for the first 24 to
48 hours are commonly practiced in patients treated with
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intravenous tPA. However, unlike intravenous tPA, a success-
ful recanalization can be achieved with MT in about 70% to
80% of cases, defined as Thrombolysis in Cerebral Infarction
score ≥2b.1–5 Yet, the current guidelines suggest only treating
blood pressure above 180/105 mm Hg for at least the first
24 hours after intraarterial intervention for AIS, similar to
those receiving intravenous tPA.10

Presently, there is no evidence demonstrating an associ-
ation of blood pressure after MT with clinical outcome.
Therefore, in this study we aim to examine various blood
pressure parameters within the first 24 hours following MT
and identify an association with (1) functional outcome
measured as the 90-day modified Rankin scale (mRS) score,
and (2) postthrombectomy hemorrhagic events.

Materials and Methods

Study Design
We conducted an observational, retrospective, multi-
institutional study to determine whether blood pressure
within the first 24 hours after MT for AIS is associated
with patient outcome. Patients treated at the following 3
US academic comprehensive stroke referral centers were
studied: Houston Methodist Neurological Institute, Hous-
ton, TX; Vanderbilt University Medical Center, Nashville,
TN; and University of Louisville, Louisville, KY. The study
was approved by the research Review Board of each
institution; and given its retrospective medical record
review design without any patient intervention, consent
was waived. The study protocol was designed a priori to
data collection.

Patient Selection
We retrospectively reviewed the prospectively collected
stroke databases at each institution. We included a consec-
utive sample of patients >18 years of age treated between
March 2015 and October 2016 who underwent MT for AIS of
the anterior cerebral circulation caused by occlusion of the
intracranial internal carotid artery, proximal middle cerebral
artery (M1 or M2), and proximal anterior cerebral artery (A1).
We chose this time period to enrich inclusion of patients
treated in all 3 institutions with standard, up-to-date endovas-
cular treatment protocols based on the 5 major endovascular
stroke trials.1–5 We excluded patients who had any 1 or more
of the following: (1) a pre-existing terminal condition, such as
terminal cancer, (2) end-stage heart or liver failure, (3) left
ventricular assist device at the time of stroke, (4) perioper-
ative stroke in the setting of major cardiovascular operation,
and (5) a known prestroke mRS ≥4.

Outcome Measures and Covariates
Our primary study variables included blood pressure param-
eters. We recorded the maximum, minimum, and average
values of systolic blood pressure (SBP), diastolic blood
pressure, and mean arterial pressures in the first 24 hours
after MT. These measurements were recorded at least once
every hour during the first 24 hours after MT as part of
standard of care. They were recorded using noninvasive
methods only when an arterial line recording was unavailable.
In addition, use of either a vasopressor or an antihypertensive
agent to control blood pressure via continuous infusion was
noted. Its initiation and choice of agent were decided by the
treating physician.

Patients’ baseline characteristics and demographics were
collected (Table 1). Other covariates related to the diagnosis
and treatment of stroke recorded were National Institutes of
Health Stroke Scale (NIHSS), laterality and location of vessel
occlusion, prior treatment with intravenous tPA, estimated
time from symptom onset to groin puncture, and postinter-
vention recanalization assessment on the final digital sub-
traction angiography. Modern neurothrombectomy devices
were used and choice of procedural anesthesia was decided
by the interventionist. Extent of recanalization was deter-
mined with the modified Treatment in Cerebral Infarction
(mTICI) score, categorized as 0 (no reperfusion), 1, 2a, 2b, and
3 (complete reperfusion).11

Our primary outcome of interest was patients’ functional
status at 90 days measured on the mRS from 0 (no symptoms
at all) to 6 (death). Our secondary outcome of interest was the
incidence of intracranial hemorrhagic complications (specifi-
cally, intraparenchymal, subarachnoid, and/or intraventricular
hemorrhages) within 48 hours after MT confirmed on brain

Clinical Perspective

What Is New?

• Presently, in patients with acute ischemic stroke treated
with mechanical thrombectomy, no data exist to guide blood
pressure management after mechanical thrombectomy.

• In this study, we reveal an association between higher peak
systolic blood pressures within the first 24 hours after
mechanical thrombectomy and worse patient outcomes,
specifically greater hemorrhagic complications within
48 hours and worse functional status at 90 days after
mechanical thrombectomy.

What Are the Clinical Implications?

• Peak systolic blood pressure within 24 hours after mechan-
ical thrombectomy may be a marker of poor outcome or
may represent an intervenable, therapeutic target in
patients with acute ischemic stroke.
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imaging (computed tomography or magnetic resonance
imaging). Hemorrhage was further classified as symptomatic
if it was associated with a clinical worsening or an increase of
≥4 points on the NIHSS, as commonly defined.2,4,5 All
patients received brain imaging after MT.

Statistical Analysis
Continuous variables are reported using standard descriptive
statistical methods with measures of central tendency (mean
or median) and variability (standard deviation, standard error
of mean, or interquartile range) based on the normality of the
distribution. All mean values of blood pressure parameters are
plotted and reported with standard error of mean. Categorical
variables are reported as proportions.

All categorical variables with more than 2 categories were
treated as ordinal variables. The 90-day mRS score was
treated as a discrete 7-category ordinal variable from 0 to 6.
Similarly, hemorrhagic complication was also treated as an
ordinal variable with the following categories of severities:
none, asymptomatic, and symptomatic hemorrhages. Associ-
ations between the outcome variables and covariates were
explored using both univariable, unadjusted ordered logistic
regression analysis testing one predictor at a time as well as
multivariable ordered logistic regression analysis to adjust for
potential confounders.5,12 An ordinal multivariable model was
built by including all covariates (except blood pressure
parameters) with unadjusted P≤0.1. Variables from this
multivariable model were removed if their adjusted P value
changed to >0.1. Prior variables excluded from the initial
multivariable model were reintroduced one at a time; those
with P≤0.1 in the multivariable model were kept in the model.
Each blood pressure parameter was added to this final
multivariable, covariate model to assess its independent
correlation with outcome. Associations of blood pressure
parameters with the outcome variables were re-explored
using a more general, backward stepwise regression to
generate another multivariable, adjusted ordinal logistic
model. The primary reason for this analysis was to further
support and confirm our results. All covariates and blood
pressure parameters with an unadjusted P≤0.1 were included
in an initial multivariable model. Variables with a P>0.1 in the
multivariable model were removed in a stepwise fashion. The
proportional odds assumption was tested for all final models
using the Brant test. The primary effect variable was the
adjusted odds ratio reported with 95% CI and a corresponding
P value.

Thirty-eight (16.7%) patients were lost at 90-day follow-up;
hence, their mRS scores were not available. While only
complete data sets were analyzed and are presented here for
mRS, the missing mRS values were imputed for a more
inclusive analysis. No correlation was found between the

Table 1. Summary of Patients’ (n=228) Demographics,
Comorbidities*, Stroke Characteristics, Treatments, and
Outcomes

Characteristics Value, n (%)†

Age, mean (SD), y 65.8 (14.3)

Male sex 104 (45.6)

Comorbidities

Hypertension 166 (72.8)

Hyperlipidemia 104 (45.6)

Diabetes mellitus 67 (29.4)

Recent‡ or active smoker 50 (21.9)

Atrial fibrillation 77 (33.8)

Antiplatelet drug use 73 (32.0)

Anticoagulant use 51 (22.4)

Stroke characteristics

NIH stroke scale, mean (SD) 16.3 (7.1)

ICA occlusion 67 (29.4)

M1 occlusion 131 (57.5)

M2 occlusion 27 (11.8)

A1 occlusion 3 (1.3)

Left circulation 111 (48.7)

Stroke treatment

IV thrombolysis 119 (52.2)

Time to groin puncture, median (IQR), min 260 (180, 375.8)

mTICI 0 9 (3.9)

mTICI 1 19 (8.3)

mTICI 2a 17 (7.5)

mTICI 2b 76 (33.3)

mTICI 3 107 (46.9)

Antihypertensive IV drip use 56 (24.6)

Vasopressor IV drip use 32 (14.0)

Outcomes

No hemorrhage 165 (72.4)

Asymptomatic hemorrhage 50 (21.9)

Symptomatic hemorrhage 13 (5.7)

mRS 0 27 (14.2)

mRS 1 21 (11.1)

mRS 2 23 (12.1)

mRS 3 24 (12.6)

mRS 4 29 (15.3)

mRS 5 12 (6.3)

mRS 6 54 (28.4)

Unknown 38 (16.7)

A1 indicates proximal segment of anterior cerebral artery; ICA, internal carotid artery;
IQR, interquartile range; IV, intravenous; M1 and M2, proximal segments of middle
cerebral artery; mRS, modified Rankin Scale; mTICI, modified Treatment in Cerebral
Infarction score; NIH, National Institutes of Health.
*Known at the time of stroke admission.
†Values are reported as total number and percent, n (%), unless otherwise specified in
the characteristic description.
‡Less than a month.
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study variables and loss of follow-up. Hence, the mRS scores
were considered to be missing completely at random and
were imputed using multiple ordered logistic regression. A
multivariable, adjusted model was created using the study
variables with an adjusted P≤0.1, excluding the blood
pressure parameters. Being a proxy or a strong predictor of
90-day mRS, hospital discharge destination was included in
the model (Table S1). Overall, a better fit was achieved with a
model including discharge destination than without. Hospital
discharge destination was treated as an ordinal variable with
categories of home, inpatient rehabilitation, skilled-nursing
facility, and a grouped category for long-term acute care
facility and death before discharge. All variables with P≤0.05
in the multivariable, adjusted model were used to impute the
missing mRS scores using multiple ordered logistic regression
(Table S1). Given that 16.7% of the mRS scores were missing,
20 imputation data sets of mRS scores were created to
ensure reproducibility.13,14 Association of blood pressure
parameters with mRS scores was re-explored using these data
sets.

All regression and imputation analyses were conducted
using Stata Statistical Software for Windows, release 14
(StataCorp LP, College Station, TX). Graphical representations
of data and Student t tests to compare means were done
using GraphPad Prism version 7.00 for Windows (GraphPad
Software, San Diego, CA). Statistical significance a was set at
0.05 for all statistical analyses. All P values are 2-sided. For
simultaneous, multiple hypothesis testing with blood pressure
parameters in multivariable, adjusted regression models,
statistical significance was adjusted using Bonferroni correc-
tion. All statistical analyses were reviewed in consultation
with a professional biostatistician.

Results

Association of Covariates With Outcomes
A total of 335 consecutive patients were reviewed, of which
228 patients met the inclusion and exclusion criteria and were
included for analysis. Summary statistics of their demograph-
ics, past medical history, stroke diagnosis, treatment, and
outcomes are listed in Table 1. No sex-based differences
were present in our outcomes of interest.

In univariable, unadjusted analysis, the following variables
were significantly associated with 90-day mRS: age, history of
hypertension, atrial fibrillation, NIHSS, location of vessel occlu-
sion, treatment with intravenous tPA, time to groin puncture,
mTICI score, use of antihypertensive intravenous drip, and
hemorrhagic complication (Table S1). Higher age, NIHSS,
severity of hemorrhagic complication, and a lower mTICI score
continued to demonstrate a significant association with worse
90-day mRS in multivariable, adjusted regression analysis.

In univariable, unadjusted analysis, the following variables
were significantly associated with hemorrhagic complications
within 48 hours after MT: history of diabetes mellitus, NIHSS,
and need for antihypertensive intravenous drip (Table S2).
History of diabetes mellitus, hyperlipidemia, and a higher
NIHSS demonstrated a significant association with a greater
severity of hemorrhagic complication in multivariable,
adjusted regression analysis.

Association of Blood Pressure With Outcomes
In multivariable, adjusted analysis of complete cases (n=190),
maximum SBP directly correlated with worse 90-day mRS
(odds ratio 1.02 [1.01–1.03], P=0.004; Table 2; Figure 1A).
These odds ratios can be interpreted as the odds of higher
categories of outcome versus lower categories (ie, mRS 0
versus 1–6, or mRS 0–1 versus 2–6) for a 1-unit increase in
the blood pressure parameter, given all other variables in the
model are held constant. (Results after multiple imputations
of the missing mRS scores are presented in Table S3). The
maximum SBP also demonstrated significant correlation with
hemorrhagic complications (1.02 [1.01–1.04], P=0.002;
Table 2; Figure 2A). These results were substantiated with
alternate backward, stepwise multivariable regression analy-
ses (Table S4). Mean average and minimum values of SBP
(Table 2; Figure 1B and 1C) and all parameters of diastolic
blood pressure and mean arterial pressures did not correlate
with outcomes in multivariable, adjusted analyses (Table 2;
Figures S1 and S2).

Subanalyses in Recanalized and Nonrecanalized
Patients
Subanalysis based on widely accepted definitions of success-
ful (n=183) and unsuccessful (n=45) recanalization (mTICI
≤2a and ≥2b, respectively) was conducted. In patients with
successful recanalization, maximum SBP also directly corre-
lated with worse 90-day mRS (adjusted odds ratio 1.02 [1.00–
1.03], P=0.01; n=156) and severity of hemorrhagic compli-
cations (1.02 [1.00–1.03], P=0.05; n=183; Figure 3). While
the minimum diastolic blood pressure inversely correlated
with hemorrhagic complications as well (0.96 [0.93–1.00],
P=0.04; Figure S3A), the observed differences in the means of
these values were not large for practical purposes.

Of the patients with unsuccessful recanalization, only 34
had 90-day mRS follow-up. Therefore, the subanalysis was
underpowered to reveal any significant correlation between
the blood pressure parameters and 90-day mRS. However,
with respect to severity of hemorrhagic complications, a
direct correlation was found with the maximum SBP (1.05
[1.01–1.10], P=0.01; Figure 3) as well as the maximum mean
arterial pressure (1.06 [1.01–1.11], P=0.02; Figure S3B).
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We compared the mean values of maximum SBP corre-
sponding to the severity of hemorrhagic complications
between the successfully and unsuccessfully recanalized
patients. In successfully recanalized patients, hemorrhagic
complications were observed at lower mean values of
maximum SBP (Figure 3). Between recanalized and nonre-
canalized patients, respectively, the mean values of maximum
SBP (in mm Hg) were 159�1.8 [n=133] and 170�3.9 [n=32]
(P=0.008) in patients who did not have hemorrhages;
169�3.8 [42] and 184�4.9 [8] (P=0.03) in patients who
had asymptomatic hemorrhages; and 170�9.1 [8] and

196�8.1 [5] (P=0.05) in patients who had symptomatic
hemorrhages.

Discussion
Our retrospective analysis of patients treated with MT for AIS
at 3 institutions reveals that higher values of SBP in the first
24 hours after MT are independently associated with greater
severity of hemorrhages within 48 hours and worse functional
outcomes (mRS scores) at 90 days.

Table 2. Adjusted Odds Ratios* From Multivariable Ordinal Regression Analyses of Study Outcomes With Systolic, Diastolic, and
Mean Arterial Blood Pressure Parameters

90-Day mRS† (n=190) Hemorrhagic Complications‡ (n=228)

Odds Ratio P Value Odds Ratio P Value

SBP

Maximum 1.02 [1.01–1.03] 0.004§ 1.02 [1.01–1.04] 0.002§

Minimum 1.00 [0.99–1.02] >0.1 0.99 [0.97–1.01] >0.1

Average 1.02 [1.00–1.04] 0.05 1.01 [0.99–1.03] >0.1

DBP

Maximum 1.00 [0.99–1.02] >0.1 1.00 [0.98–1.02] >0.1

Minimum 0.98 [0.96–1.01] >0.1 0.98 [0.95–1.01] >0.1

Average 0.99 [0.97–1.02] >0.1 1.00 [0.97–1.03] >0.1

MAP

Maximum 1.01 [0.99–1.03] >0.1 1.01 [0.99–1.03] >0.1

Minimum 1.00 [0.98–1.02] >0.1 0.99 [0.97–1.01] >0.1

Average 1.01 [0.99–1.04] >0.1 1.01 [0.99–1.04] >0.1

DBP indicates diastolic blood pressure; mRS, modified Rankin scale score; MAP, mean arterial blood pressure; SBP, diastolic blood pressure.
*Odds ratios are reported with their corresponding 95% CIs.
†mRS is treated as an ordinal variable from 0 (no symptoms at all) to 6 (death).
‡Hemorrhagic complication is treated as an ordinal variable with 3 categories: no hemorrhage, asymptomatic, and symptomatic hemorrhage.
§Indicate P values meeting significance after Bonferroni correction of the significance level a.

Figure 1. Mean values of maximum (A), minimum (B), and average (C) systolic blood pressure (SBP) plotted with 90-day modified Rankin scale
(mRS) scores. Error bars represent SEM.
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Nearly all prior studies have shown that higher blood
pressure during the acute phase of stroke is associated with
worse outcomes.15–28 A majority of these studies have
demonstrated specifically that higher values of SBP immedi-
ately after treatment with intravenous tPA is associated with
worse functional outcomes16,28,29 and hemorrhagic compli-
cations.16,25,28 However, a recent meta-analysis found that
blood pressure lowering within 3 days of stroke onset in

patients does not improve outcome.30 Many of these studies
included patients with heterogeneous stroke etiologies, such
as hemorrhagic31–34 and lacunar infarcts,31–37 and only 3
studies33,34,37 included a few, if any, patients who had
received recanalization therapy only with intravenous tPA.
Thus, high blood pressure has not yet been established as the
cause of worse outcomes or a modifiable risk factor in
patients with stroke, especially in patients with large-vessel
occlusion stroke treated with MT. We, therefore, first tested
whether the previously observed associations of blood
pressure parameters with outcomes were also present in
patients with stroke who underwent MT, which achieves
significantly higher rates of recanalization than intravenous
tPA (<30–40% with tPA versus 70–80% with MT).1–9

It has been established that large-vessel occlusion strokes
have an ischemic penumbra that has impaired autoregulation
and is more sensitive to changes in systemic blood
pressure.38–42 Higher blood pressure in the setting of
restoration of blood flow to ischemic core and penumbral
areas may plausibly subject these regions to increased
reperfusion injury.43 One such well-established marker of
reperfusion injury is hemorrhagic transformation.43 We
hypothesize that elevated blood pressure in patients under-
going a therapy that is highly successful in restoring blood
flow to these areas of impaired autoregulation with increased
susceptibility to systemic pressures may result in greater
reperfusion injury, demonstrable by hemorrhagic complica-
tions, and worse outcomes. Our results could suggest such a
pathophysiological relationship.

We found increased incidence of hemorrhagic complica-
tions and poor functional outcomes in patients with higher
peak SBP in the first 24 hours after MT. Further, hemorrhage,
a known marker of reperfusion injury, was observed at lower
mean values of peak SBP in patients who had successful
recanalization compared with those who did not. Although a

Figure 2. Mean values of maximum (A), minimum (B), and average (C) systolic blood pressure (SBP) plotted with hemorrhagic complications.
Hemorrhagic complications are graded based on their severity: none, asymptomatic (Asymp.), and symptomatic (Symp.) hemorrhages. Error
bars represent SEM.

Figure 3. Mean maximum systolic blood pres-
sure (SBP) plotted with hemorrhagic complica-
tions in nonrecanalized (mTICI 0-2a, closed dots)
and recanalized (mTICI 2b-3, open dots)
patients. Hemorrhagic complications are graded
based on their severity: none, asymptomatic
(Asymp.), and symptomatic (Symp.) hemor-
rhages. Error bars represent SEMs. *P<0.01,
†P=0.03, and ‡P=0.05 indicate P values of t
tests comparing mean values of mTICI 0-2a and
2b-3 patients. (mTICI, modified Treatment in
Cerebral Infarction score).
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causal relationship between high SBP and worse outcomes
cannot be inferred from our data, this suggests perhaps an
increased susceptibility to reperfusion injury with recanaliza-
tion. Therefore, while permissive hypertension up to SBP
<180 mm Hg may be warranted in some cases of unsuc-
cessful recanalization, in our study an overall independent,
direct correlation was noted with worse outcomes and
increasing peak SBP values up to 180 mm Hg in patients
undergoing MT. Further studies are warranted to determine
whether a lower threshold for SBP intervention is needed to
potentially improve outcomes in these patients.

This study includes a large cohort of patients without a
single institutional predominance, and our results are largely
not limited by unique institutional practices. They are
comparable to published trial data in the proportion of
successful recanalization achieved with MT,1–5 incidence of
symptomatic hemorrhages,2,5 and mean time from symptom
onset to groin puncture.2,5 The latter 2 characteristics were
slightly lower in other trials.1,3,4

The results herein must be interpreted with the limitations
intrinsic to this study’s retrospective observational design,
such as inherent bias and heterogeneous practices of blood
pressure management in individual patients. Few studies have
demonstrated that total infarct volume is an important
determinant of functional outcome.44,45 Attempts to account
for this variable were met with heterogeneity of intracranial
imaging available, and therefore, its lack is a limitation that
can be better addressed with a prospective study. This study
was also underpowered to draw a meaningful association
between SBP and outcome in patients with unsuccessful
recanalization with MT. Hence, further prospective studies are
warranted to support our results.

Conclusion
This study demonstrates that higher peak values of SBP in the
first 24 hours after MT in patients with acute ischemic stroke
due to large vessel anterior cerebral circulation occlusion are
associated with worse functional outcomes at 90 days and
greater severity of hemorrhagic complications within
48 hours after MT. Further prospective studies are warranted
to identify whether SBP is a therapeutic target to improve
outcomes or merely a marker of poor outcome in stroke
patients treated with MT.
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Table S1. Odds ratios* from regression analyses of study variables with 90-day mRS 
 

 
Unadjusted Adjusted 

Adjusted with discharge 
destination 

 Odds ratio p-value Odds ratio p-value Odds ratio p-value 

Age† 1.04 [1.03-1.08] <0.001 1.03 [1.01-1.06] 0.005 1.02 [0.99-1.04] 0.18 
Male sex 0.96 [0.45-1.43] 0.88 n/a n/a n/a n/a 
Hypertension 2.10 [1.23-4.63] 0.01 1.06 [0.57-1.99] 0.85 0.57 [0.29-1.13] 0.11 
Hyperlipidemia 1.18 [0.83-2.61] 0.52 n/a n/a n/a n/a 
Diabetes mellitus‡ 1.08 [0.89-3.13] 0.78 n/a n/a 0.53 [0.28-1.01] 0.05 
Recent or active smoker 0.82 [0.42-1.65] 0.50 n/a n/a n/a n/a 
Atrial fibrillation 1.90 [1.06-3.60] 0.02 0.99 [0.52-1.91] 0.99 0.72 [0.36-1.46] 0.36 
Antiplatelet drug use 1.22 [0.80-2.82] 0.48 n/a n/a n/a n/a 
Anticoagulant use 1.00 [0.54-2.10] 1.00 n/a n/a n/a n/a 
NIH Stroke Scale† 1.15 [1.11-1.24] <0.001 1.13 [1.08-1.18] <0.001 1.10 [1.04-1.15] <0.001 
Vessel occlusion§ 1.48 [1.06-2.62] 0.05 1.41 [0.91-2.18] 0.12 1.05 [0.67-1.65] 0.83 
Left circulation stroke 1.36 [0.62-1.92] 0.23 n/a n/a n/a n/a 
IV tPA 0.66 [0.34-1.07] 0.10 0.64 [0.37-1.13] 0.12 0.61 [0.33-1.11] 0.11 
Time to groin puncture† 1.00 [1.00-1.00] 0.01 1.00 [1.00-1.00] 0.13 1.00 [1.00-1.00] 0.23 
mTICI|| 0.74 [0.58-0.93] 0.01 0.74 [0.57-0.95] 0.02 0.90 [0.68-1.19] 0.48 
Anti-hypertensive IV drip use 2.48 [2.03-8.79] 0.003 1.50 [0.78-2.89] 0.23 1.07 [0.52-2.18] 0.86 
Vasopressor IV drip use 1.24 [0.46-2.18] 0.54 n/a n/a n/a n/a 
Hemorrhagic complication# 2.78 [1.73-5.58] <0.001 2.05 [1.24-3.41] 0.005 0.88 [0.50-1.56] 0.67 
Discharge destination** 10.4 [4.81-17.1] <0.001 n/a n/a 9.17 [5.88-14.3] <0.001 
       
*Odds ratios from ordinal regression with mRS (treated as an ordinal variable from 0-6) are reported with their corresponding 95% confidence intervals for complete-case analysis 
(n=190); †Treated as a continuous variable. ‡Reintroduction in the final adjusted, multivariable regression model with discharge destination resulted in a p-value that met criteria of 
inclusion in the final model; the statistical values reported are from regression with the final model. Treated as an ordinal variable categorized as §M2, M1, ICA, A1; ||0, 1, 2a, 2b, 3; 
#none, asymptomatic, symptomatic hemorrhage; and **home, inpatient rehabilitation, skilled-nursing facility, and long-term acute care facility / death. n/a = not incorporated in the 
adjusted, multivariable regression model.  
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Table S2. Odds ratios* from regression analyses of study variables with 
hemorrhagic complications 
 

 Unadjusted Adjusted 

 Odds ratio p-value Odds ratio p-value 

Age† 1.00 [0.98-1.02] 0.69 n/a n/a 
Male sex 1.26 [0.71-2.25] 0.43 n/a n/a 
Hypertension 1.27 [0.65-2.48] 0.48 n/a n/a 
Hyperlipidemia‡ 0.68 [0.38-1.23] 0.20 0.49 [0.26-0.93] 0.03 
Diabetes mellitus 2.24 [1.23-4.08] 0.01 2.07 [1.11-3.88] 0.02 
Recent or active smoker 0.73 [0.35-1.53] 0.40 n/a n/a 
Atrial fibrillation 1.09 [0.59-1.99] 0.79 n/a n/a 
Antiplatelet drug use 0.64 [0.34-1.23] 0.18 n/a n/a 
Anticoagulant use 0.99 [0.50-1.98] 0.98 n/a n/a 
NIH stroke scale† 1.08 [1.03-1.12] 0.001 1.07 [1.02-1.12] <0.001 
Vessel occlusion§ 1.33 [0.85-2.07] 0.21 n/a n/a 
Left circulation stroke 1.09 [0.62-1.95] 0.76 n/a n/a 
IV tPA 1.52 [0.85-2.71] 0.16 n/a n/a 
Time to groin puncture† 1.00 [1.00-1.00] 0.33 n/a n/a 
mTICI|| 0.89 [0.69-1.15] 0.36 n/a n/a 
Anti-hypertensive IV drip use 2.27 [1.21-4.25] 0.01 1.55 [0.79-3.04] 0.20 
Vasopressor IV drip use 0.99 [0.43-2.24] 0.97 n/a n/a 
     
*Odds ratios from ordinal regression with hemorrhagic complications (treated as an ordinal variable with 3 categories of none, 
asymptomatic, symptomatic hemorrhage) are reported with their corresponding 95% confidence intervals; †Treated as a 
continuous variable. ‡Reintroduction in the final adjusted, multivariable regression model with discharge destination resulted in a 
p-value that met criteria of inclusion in the final model; the statistical values reported are from regression with the final model. 
Treated as an ordinal variable categorized as §M2, M1, ICA, A1, and ||0, 1, 2a, 2b, 3. n/a = not incorporated in the adjusted, 
multivariable regression model.  
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Table S3. Adjusted odds ratios* from multivariable ordinal regression analyses† 
of 90-day mRS with blood pressure parameters after multiple imputations of the 
38 missing mRS values (total n=228) 
 

 Odds Ratio p-value 

SBP   
Maximum 1.02 [1.01-1.03] 0.01 
Minimum 1.00 [0.98-1.01] >0.1 
Average 1.01 [0.99-1.03] >0.1 

DBP   
Maximum 1.00 [0.99-1.02] >0.1 
Minimum 0.98 [0.96-1.01] >0.1 
Average 0.99 [0.96-1.01] >0.1 

MAP   
Maximum 1.01 [0.99-1.02] >0.1 
Minimum 0.99 [0.98-1.01] >0.1 
Average 1.00 [0.98-1.03] >0.1 

   
*Odds ratios from ordinal regression with mRS (treated as an ordinal variable from 0-6) are reported with their corresponding 
95% confidence intervals; Bold p-values indicate meeting significance after Bonferroni correction of the significance level α. 
†Refers to the regression analysis described initially in the methods of the manuscript, as a stepwise regression was unable to be 
performed with multiple imputation data sets. 
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Table S4. Adjusted odds ratios* from backward, stepwise multivariable ordinal regression analyses of study 
outcomes with systolic (SBP), diastolic (DBP), and mean arterial (MAP) blood pressure parameters 
 
 Univariable, unadjusted Multivariable, adjusted 

 
90-day mRS† (n=190) 

Hemorrhagic 
Complications‡ (n=228) 

90-day mRS†,§ (n=190) 
Hemorrhagic 

Complications‡,|| (n=228) 

 Odds Ratio p-value Odds Ratio p-value Odds Ratio p-value Odds Ratio p-value 
SBP         

Maximum 
1.03 [1.02-

1.05] 
<0.001 1.02 [1.01-1.04] <0.001 

1.02 [1.01-
1.03] 

0.002 1.02 [1.01-1.04] 0.002 

Minimum 
1.00 [0.99-

1.02] 
>0.1 0.99 [0.97-1.01] >0.1 - - - - 

Average 
1.04 [1.02-

1.05] 
<0.001 1.01 [0.99-1.03] >0.1 - - - - 

DBP         

Maximum 
1.01 [0.99-

1.02] 
>0.1 1.00 [0.99-1.02] >0.1 - - - - 

Minimum 
0.98 [0.96-

1.01] 
>0.1 0.97 [0.95-1.00] 0.07 - - 0.97 [0.94-1.00] 0.09 

Average 
1.00 [0.98-

1.03] 
>0.1 1.00 [0.97-1.02] >0.1 - - - - 

MAP         

Maximum 
1.03 [1.01-

1.04] 
0.001 1.02 [1.00-1.03] 0.07 - - - - 

Minimum 
1.00 [0.98-

1.03] 
>0.1 0.99 [0.97-1.01] >0.1 - - - - 

Average 
1.03 [1.01-

1.05] 
0.02 1.02 [0.99-1.05] >0.1 - - - - 

         
*Odds ratios are reported with their corresponding 95% confidence intervals; †mRS (modified Rankin score) is treated as an ordinal variable from 0 (no symptoms at all) to 6 (death); 
‡Hemorrhagic complication is treated as an ordinal variable with three categories: no hemorrhage, asymptomatic, and symptomatic hemorrhage; Bold p-values indicate meeting 
significance after Bonferroni correction of the significance level α. At the completion of the backward, stepwise regression, other variables that remained included in the §mRS 
multivariate model: age (1.03 [1.01-1.05]; p=0.002), hemorrhage complication (2.02 [1.22-3.35]; p=0.007), NIHSS (1.13 [1.08-1.18]; p<0.001), mTICI (0.78 [0.61-1.01]; p=0.06), and 
IV tPA (0.56 [0.33-0.97]; p=0.04); and in the ||hemorrhagic complications multivariate model: diabetes mellitus (2.72 [1.40-5.31]; p=0.003), NIHSS (1.06 [1.02-1.11]; p=0.007), and 
hyperlipidemia (0.43 [0.22-0.84]; p=0.002). – denotes variable that did not meet significance for inclusion in the multivariate model. 
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Figure S1 

 

Figure S1. Mean values of maximum, minimum, and average diastolic (A, B, C; DBP) and mean arterial (E, F, G; MAP) blood pressure 

are plotted with 90-day modified Rankin scale (mRS). Error bar represent standard error of means.  
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Figure S2 

 

Figure S2. Mean values of maximum, minimum, and average diastolic (A, B, C; DBP) and mean arterial (E, F, G; MAP) blood pressure 

are plotted with hemorrhagic complications. Hemorrhagic complications are graded based on their severity: none, asymptomatic (asymp.), and 

symptomatic (symp.) hemorrhages. Error bar represent standard error of means.  
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Figure S3 

 

Figure S3. In A, mean minimum diastolic blood pressure (DBP) in recanalized (mTICI 2b-3) and in B, maximum mean arterial pressure 

(MAP) in non-recanalized (mTICI 0-2a) patients are plotted with hemorrhagic complications. Hemorrhagic complications are graded based 

on their severity: none, asymptomatic (asymp.), and symptomatic (symp.) hemorrhages. Error bar represent standard error of means.  
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