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Abstract

Background and Purpose: We aim to determine if the very short-term blood pressure
variability (BPV) after successful endovascular treatment of acute ischemic stroke has a
relevant impact in the clinical outcome.

Methods: This is a prospective multicenter study with inclusion of consecutive AIS patients
with occlusion of intracranial anterior circulation vessels who achieved successful
recanalization (modified Treatment In Cerebral Ischemia grades 2b-3) after thrombectomy.
Very short-term BPV was assessed by spectral analysis of spontaneous fluctuations of beat-
to-beat systolic blood pressure values recorded by finger plethysmography with Finometer
device. Outcomes included independence at 90 days (modified Rankin scale 0-2) and the
initial clinical response to mechanical thrombectomy.

Results: We included 121 patients. Increased BPV at high frequencies (rapid oscillations)
was independently associated with poor functional outcome at 90 days (normalized units,
odds ratio (OR) = 0.56, 95% confidence interval (Cl) 0.35 — 0.88, p=0.01; low/high
frequency ratio OR = 1.38, Cl 1.09 — 1.76, p<0.01) and early neurological recovery
(normalized units, OR = 0.67, C1 0.46 — 0.98, p=0.04) in multivariate analysis.
Conclusions: The magnitude of rapid oscillations of blood pressure has a significant impact
in early neurological recovery and late functional outcome of ischemic stroke patients after
successful recanalization. Very short-term BPV can be assessed quickly throughout the post
intervention period and potentially contribute to a more efficient blood pressure control in

AIS patients submitted to endovascular treatment.



Main text

Introduction

Dysregulation of blood pressure (BP) is a common finding among patients with acute
ischemic stroke (AIS) and carries relevant prognostic significance®. However, the optimal BP
range to be maintained during the acute phase is still loosely defined in current guidelines.
With the advent of modern endovascular treatment and the increased proportion of patients
that are effectively revascularized it became more complex and urgent to revise the best
approach for BP control. This is justified by the fact that the recanalization status modulates
the association between BP and outcome.? It has been proposed that BP should be kept at
lower values after successful recanalization but the between and within-subject variability of
BP are still troublesome features.® An adequate supervision of the BP within the first hours is
expected to maximize the benefits of acute revascularization by the prevention of major
complications, such as hemorrhagic transformation, cerebral edema, or to avoid infarct
growth.! We must acknowledge that approximately half of treated patients by endovascular
thrombectomy fail to show clear clinical or functional benefits.* Whether or not a more tuned

BP control could change this figures must be addressed.

Besides the standard measurements of BP, its time-varying behavior could be as important.
From a pathophysiological perspective, major fluctuations in BP should be deleterious since
cerebral autoregulation in globally impaired in AIS®, more so in the affected territory.® ’
Therefore, to avoid large BP swings after revascularization should be as important as treating
high BP levels. In this regard, BP variability (BPV) corresponds to BP fluctuations ranging

from beat-to-beat, minute-to-minute, hour-to-hour oscillations, consisting of short-term BPV,



to periods as long as days to months, comprising long-term BPV.8 Long-term BPV has
showed additional prognostic value over the standard BP measurements for prediction of new
cardiovascular events and increased mortality.® Visit-to-visit BPV is also associated with
worse clinical outcomes after myocardial infarction and stroke.® However, long-term
assessment is not suitable in the early stage of AIS. Interestingly, shorter assessments can
have the same prognosis significance.®*! 24-hour BPV is also associated with functional
outcome after AlS.*2 13 But again, the shorter-term BPV still requires a minimum 24-h
period, which limits its usefulness in AIS within the time window that has more potential to

change patient’s outcome.

Very short-term BPV can be assessed by spectral analysis within few minutes'* which seems
more adequate for BP monitoring in AIS but not studied so far. We aim to determine if the
very short-term BPV, recorded over 5 minutes, is associated with early neurological recovery
and long-term functional outcome in patients with AIS after successful endovascular

treatment.

Methods

Patients and participating centers

This is a prospective multicenter study with inclusion of consecutive ischemic stroke patients
selected for endovascular thrombectomy and achieved successful recanalization. Patients
were recruited from the Brigham and Women’s Hospital in Boston, MA, US and the Centro
Hospitalar Universitario Sdo Jodo, Porto, Portugal, between September 1, 2017 and January

3, 2019. Eligible patients had a large vessel occlusion of the proximal middle cerebral artery



(M1 or M2 segment) and/or of the internal carotid artery (ICA) terminus, were >18 years of
age, and had achieved grade 2b-3 according to the modified Thrombolysis in Cerebral
Infarction scale (mTICI)*® after thrombectomy or had spontaneous recanalization

documented at acute angiographic study.

Clinical, laboratory and radiological assessment

Demographic data and medical history, including vascular risk factors, medications, and
previous cardiovascular disease were recorded. Serum glucose was recorded at admission.
National Institutes of Health Stroke Scale (NIHSS) score was obtained at baseline and after
24 hours from recanalization. Stroke type was classified by Trial of Org 10172 in Acute

Stroke Treatment (TOAST) scale.

A member of the stroke team recorded the Alberta Stroke Program Early Computed
Tomography Score (ASPECTS) for the admission noncontrast computed tomography (CT)®
Initial CT angiography (CTA) was inspected to determine the location of vessel occlusion
and collaterals grade.!” The presence of hemorrhage!® and infarct volumes calculated by the
ABC/2 method were based on a head CT done approximately 24 hours after the procedure.*®
CT images at 24 hours were also reviewed for the presence of infarct lesions affecting
selective brain areas involved with autonomic function control, also known as the central
autonomic network?® 21, namely the ventral medial prefrontal cortex, cingulate cortex,
amygdala and its connection tracts (this includes anterior temporal area??), right anterior
insular cortex and left posterior insular cortex.?* We also considered midline shift at
diencephalic level which affects paraventricular regions related to efferent sympathetic

tracts.?% 2t Examples of these areas are shown at Figure 2.



24-hour blood pressure monitoring

Per protocol, after thrombectomy, patients were admitted to the stroke unit where we started
BP monitoring with standard brachial cuffs (EDAN iM80, Schenzhen, China) placed in the
non-affected arm. This was done automatically every hour within the first 24 hours. We
obtained averaged values for systolic and diastolic BP as well as their standard variation

(SD).

Very short-term Blood Pressure by spectral analysis

Patients were monitored in supine position with continuous BP obtained by plethysmography
(Finometer MIDI, FMS, The Netherlands), with the finger cuff placed in the non-affected
arm within 72 hours from last-seen-well time. A 3-electrod electrocardiography Il-derivation
line was also co-registered for heart-beat detection. After stabilization, 5 minute recordings
were used to analyze very short-term BPV, in frequency domain.?® BPV was characterized by
the power spectrum of beat-to-beat systolic BP values of successive normal RR intervals, in
very-low (VLF; <0.04 H<), low (LF; 0.04-0.15 Hz) and high (HF; 0.15-0.40 Hz) frequency
bands. Lower BPV power implies less variability of BP and different bands can harbor
distinct physiological mechanisms. VLF power can have multiple influences either
autonomic or circulating factors and it is less reliable because of the interference of white
noise. 2* LF power is associated the arterial baroreceptor reflex, being determined by a-
adrenergic sympathetic component of vasomotor function.?* The HF component of BPV is

mostly considered to be caused by mechanical effects of respiratory movements on cardiac



output, although p-adrenoceptor-mediated cardiac sympathetic function might play a role as

We” 24,25

Clinical endpoints

The endpoints were functional outcome at 90 days, measured by modified Rankin scale score
(mRS) dichotomized in subgroups 0-2 (independent) versus 3-6 (dependent or dead) and the
initial response to mechanical thrombectomy: early neurological recovery at 24h, defined as a

decline in NIHSS score of at least 4 points or a score of 0 or 1.

We received approval by the ethics committees of both institutions. Written informed consent

was obtained from all participants/guardians.

Statistical Analysis

Normality of continuous variables was inferred by the Kolmogorov-Smirnov test. We used
chi-square/Fisher exact tests for categorical variables and Student’s t/Mann-Whitney tests for
continuous variables to test differences between outcome groups. Bonferroni correction was
used when categorical variables had more than one class. Logistic regression was used to
generate the odds ratios (OR) and 95% confidence intervals (CI) of the BP parameters for
functional independence (MRS 0 to 2 versus 3 to 6) at 90 days and early neurological
recovery at 24 hours. We adjusted analyses for all outcomes with two multivariate models. In
model 1, we adjusted to the independent variables associated with outcome in univariate
analysis, i.e., age, NIHSS, Last-seen-well to canalization time, the ASPECTS, mTICI (Table

1). In model 2, we adjusted to variables associated with BP parameters, i.e., sex, tobacco,



heart failure, coagulant use, previous use of angiotensin conversion enzyme inhibitor or
receptor blocker, respiratory frequency (Supplemental table 1).

We also studied the possible determinants of BP parameters variance. This was performed by
linear regression with each independent variable and then those associated with a P<0.1 were
included in multivariate models in a backward stepwise fashion to find those that were
independently related to BP parameters (Supplemental Table 1). These were inserted in
multivariate logistic regression model 2, as stated above. Box-Cox transformations of non-
normally distributed continuous variables was used as in predictive models.

Considering that atrial fibrillation artificially increases BPV and interferes with spectral
analysis, we pre-specified a subgroup analysis comparing patients with and without atrial
fibrillation.

All statistical analyses were performed with IBM SPSS Statistics for Windows, version 25.

Statistical significance was inferred at p<0.05.

Data availability

Data and statistical syntax is available for research proposes and can be obtained by a

reasonable request to the corresponding author.

Results

From September 1, 2017 through January 3, 2019, 151 patients fulfilled the inclusion criteria.

Among these, 1 patient was excluded due to current severe infection causing hemodynamic

instability, 3 due to poor quality signal recordings, and 18 due to unavailable monitoring

within 72 hours. Therefore, we enrolled 121 patients (Figure 1). Patients’ characteristics are
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described in Table 1, as well as the comparison of baseline characteristics of patients based

on outcome subgroups.

Standard Blood Pressure parameters

The univariate and multivariate analysis comparing BP parameters by outcome are presented
in tables 1 and 2, respectively. Admission systolic and diastolic BP, before EVT, were not
associated with outcome. However, patients with worse functional outcome at 90 days
registered higher systolic BP values on average (128416 vs 121+18, p=0.05) during the first
24 hours after intervention. After adjusting to other predictors of outcome, 24-hour averaged
systolic BP maintained association with functional outcome at 90 days [adjusted OR (OR) =
0.97 (95% C1 0.95 — 1.00), p = 0.05], though in the limit of statistical significance.
Variability of systolic BP during the same 24-hour period, expressed as SD, was not related
to any outcome measure. Early neurological recovery was unrelated to standard BP

measurements.

Very short-term BPV parameters

Very short-term BPV parameters were strongly associated with outcome. Absolute spectral
power at HF range was significantly lower in patients presenting a faster neurological
recovery [median (IQR) 4.0 (1.7 — 13.6) versus 7.7 (3.1 — 17.3), p<0.03] and those who were
functionally independent at 90 days [3.8 (1.6 — 10.8) versus 8.8 (3.7 — 23.0), p<0.01). These
associations were also significant in terms of relative units (normalized HF and LF/HF ratio).
Spectral power of BP at LF and VLF ranges was not associated with the outcome measures.

In multivariate models adjusting to baseline severity, higher HF relative spectral power

11



independently predicted poor functional outcome at 90 days, either expressed as normalized
units (aOR=0.56, 0.35 — 0.88, p = 0.01) or as LH/HF ratio (aOR=1.38, 1.09 — 1.76, p < 0.01).
Higher normalized HF spectral power also reduced the chance for an early neurological

recovery (aOR=10.67, 0.46 — 0.98, p = 0.04).

The subgroup analysis of patients with (n=54) and without (n=68) atrial fibrillation is shown
in Table 3. Relative HF spectral power expressed as LH/HF ratio maintained significantly
associated with functional outcome, while normalized HF spectral power remained

statistically significant only in the subgroup of patients without atrial fibrillation.

Determinants of short-term BP variability

The relationship of baseline characteristics and BP parameters are presented in Supplemental
Table 1. HF spectral power was increased in the presence of atrial fibrillation, in hypertensive
patients especially if medicated with angiotensin-renin modulating drugs and by respiratory
frequency. Tobacco use and heart failure were associated with increased LF/HF ratio but the
relationships were weaker. Averaged systolic BP was not correlated with very short term

BPV parameters.

Regarding the affection of brain areas related to autonomic control, normalized HF spectral
power was significantly lower in patients with infarction of the left posterior insular cortex
[median (IQR) 0.34 (0.21 — 0.52) versus 0.49 (0.30 — 0.67), p=0.02] and left amygdala
[median (IQR) 0.33 (0.24 — 0.45) versus 0.48 (0.30 — 0.65), p= 0.03], resulting in higher

LF/HF ratios in these patients.
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Discussion and conclusions

Increased very short-term BPV was associated with poor functional outcome and lower
probability of early neurological recovery in stroke patients with large vessel occlusion of the
proximal MCA (M1/M2) or ICA and who achieved an mTICI score of 2b-3 following

mechanical thrombectomy.

Effect of very short-term BPV on outcome

Very short-term BPV, particularly at high frequencies, was independently associated with
functional outcome at 90 days and early neurological recovery, even after we adjusted to
variables considered strong predictors of outcome in stroke, namely the baseline NIHSS, age,
ASPECTS score and time to recanalization. Considering that all our patients had restoration
of blood flow, this might be due to additional damage to the blood brain barrier caused by
increased BP oscillations, thus contributing to increased reperfusion injury. Reperfusion
injury is a deleterious phenomenon which antagonizes the beneficial effects of recanalization
and can be explained by multiple functional and structural changes occurring after transient
ischemia, leading to cell death even if successful restoration of cerebral blood flow is
achieved.?® These changes include increased metabolic rate, release of pro-inflammatory
cytokines, degradation of extracellular matrix, release of free radicals and recruitment of
leucocytes and microglia, which contribute to DNA damage, cytoskeletal degradation and
increased blood-brain barrier dysfunction.?® These effects are more prominent in infarcted
areas but also occur in peri-infarcted regions, translating clinically into increased brain
edema, infarct progression, intracranial hemorrhage, and neurologic worsening.? In fact,

previous studies stated that higher BPV and elevated SBP could promote infarct growth,

13



increased vasogenic cerebral edema and increased hemorrhagic transformation, with
deleterious effects in the blood vessels with impaired autoregulation.® *> 13 This corroborates
the possible association between higher BPV and increased reperfusion injury. High
frequency oscillations, particularly, may be more hazardous because in this frequency range
there is no active cerebral autoregulation. The latter is a protective mechanism that adjusts
cerebral blood flow to fluctuations in BP and exerts its effects at frequencies <0.2 Hz?’ and
perhaps event lower, close to or under 0.003 Hz.?® A priori, we would expect to have an
association of BPV with significant hemorrhagic transformation. However, we only
registered 4 cases in this cohort, which do not explain the effect of BPV on outcome.
Noteworthy, Cho et al also found a relationship of 24h-BPV and worse outcome but not with
hemorrhagic transformation.*® Moreover, we cannot document any significant association
between BP parameters and the risk of significant hemorrhagic transformation in large
studies on thrombolysis and endovascular treatment.?® 3° Our results corroborate these
findings and suggest that the deleterious effects of BPV might be more related to cerebral
edema and dysfunction of blood-barrier which is too subtle to be detected with coarse
methods such as CT. Had we included dedicated MRI studies in our patients, we could have
identified other subclinical signs of blood-brain barrier dysfunction that could support our
hypothesis.?

Most importantly, in our study, we were able to demonstrate that BPV can be assessed
quickly (minutes) and still carries the same important prognostic significance, which has
practical implications. This shows that it is possible to control not only BP levels but also to

monitor its harmful fluctuations more closely in a simple and non-invasive manner.

Previous studies have already established an association with short-term and long-term BPV

and functional outcome in acute ischemic stroke patients, suggesting the need to stabilize

14



BPV, in addition to controlling steady-state mean BP values.® 12 In our study, we were able to
demonstrate that a fast assessment of BPV, in few minutes, carries the same prognostic
significance. Contrary to previous studies, our measurement of BPV in very short-term
period is more appropriate to monitor in AIS patients, especially in the first hours after

revascularization.

Comparison with the prognostic yield of the standard measures of BP

Higher systolic BP in the post intervention period was significantly associated with
functional outcome, which is consistent with previous findings correlating higher SBP with
worse prognosis, most likely due to the harmful effects of higher pressure in recently
reperfused vascular beds with failed autoregulation. 33! On the other hand, we did not find
a significant association of outcome and 24h BPV. Cho et al*® also studied BPV in AIS
patients following endovascular treatment. They included 313 reperfused patients and,
similarly to our results, 24h BPV was not significantly related to functional outcome,
expressed as SD or covariation (the % of variability adjusted to individual average BP value).
Only when more sophisticated dispersion measures were calculated, namely the successive
variation of systolic BP, BPV was found to be increased in the poor outcome subgroup.
Unlike SD, successive variations consider the order of BP values, alternating paterns of
increases and decreases and correct for the decremental trend of BP in AIS. This reflects the
fact that time-dependent changes of BP measure-to-measure are more significant that overall
fluctuations of BP occurring in the whole 24h span. This gives credit to our findings that
more rapid changes in BP are more deleterious to the ischemic area. Nevertheless, our results
highlight the major advantage of very-short term BPV assessment by spectral analysis, that it

can detect harmful patterns of BPV in small periods of time, around 5 minutes, more useful
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in AIS settings and with greater potential to guide BP therapies. In practical terms, classical
24h BPV measurements cannot give the clinician the necessary information during this
critical time period. Additionally, averaged systolic BP was not correlated with very short
term BPV parameters which means that these two hemodynamic markers represent different
aspects of BP physiology. Although much work is needed, it seems reasonable to conclude
that it is advisable not only to keep BP low if patients achieve recanalization but also to avoid

oscillations of BP in the same time period.

Source of very short-term oscillations

This study was not designed to determine the source of the harmful patterns of very-short
term BPV, despite the interest of this topic regarding future trials for BP intervention in AlS.
Both the mechanical effect of respiratory movements and sympathetic activity have been
proposed to create most of the short-term BP oscillations.?* 2> 32 32 Autonomic dysfunction is
common in patients with acute ischemic stroke, with a predominance of sympathetic
activity.® This imbalance correlates with worse prognosis in these patients, due to its
association with cardiac dysfunction, hyperglycaemia, immune depression, sleep disordered
breathing, thrombotic events and malignant edema.®* Low frequency oscillations are
determined by a-adrenergic sympathetic vasomotor function, as part of the baroreceptor
reflex, while high frequency oscillations derive from fluctuations in cardiac output caused by
respiratory movements, mediated through S-adrenergic receptors.2* Our findings correlating
BPV, particularly at HF, could have a partial contribution from adrenergic sympathetic
overactivity previously reported in this setting.3*. At this regard, we found that patients with
left posterior insula or left anterior temporal area (covering amygdala and is associated tracts)

had lower HF power. These areas are involved in sympathetic modulation®® 34 and if affected
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could thus cause a depression of the sympathetic effects on the cardiovascular system with
reduced HF power as shown in rats subjected to simultaneous a- plus B-blockade.?* However,
no single region was associated with increased HF BPV from which we conclude that fast BP
fluctuations might be due to general autonomic dysregulation related to acute stress. We also
found an association between respiratory frequency (RF) and HF oscillations, which was
expected since RF is usually within the same frequency range and provides mechanical
effects of ventilation in cardiovascular apparatus and intrathoracic pressure changes.?®
Nevertheless, respiratory frequency was not related to outcome measures (table 1), which
does not support the idea that breathing pattern was primarily related to poor outcome and

causing an increased HF BPV as a secondary epiphenomenon.

Some comorbidities were related to increased HF BPV like smoking, sex, heart failure,
previous antihypertensive medication, especially those affecting angiotensin-renin system,
but these didn’t associate to outcome measures and BPV remained significantly associated to
outcome after multivariate adjustment. We payed particular attention to the presence of atrial
fibrillation. This condition is intrinsically associated with increased spectral power, which is
due to the irregular heart rhythm and beat-to-beat changes in stroke filling times.® Despite
this, atrial fibrillation was not related to outcome measures and subgroup analysis showed
that the very-short term BPV, especially relative LF/HF ratio, was consistently related to
functional outcome irrespective of this co-morbidity. It is remarkable that very short-term
BPV seems to be useful in patients with atrial fibrillation, backing the idea that increased
BPV oscillations are deleterious to the brain suffering from acute ischemia, irrespective of its

source.
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Limitations

Our study population was restricted to subgroup of patients with AIS that had a major
intracranial occlusion and who achieved successful recanalization (mTICI 2b/3). Thus, our
findings may not be generalized to all stroke patients.3* We did not have direct measures of
respiratory function, which could have permitted to explain if these were in fact the source of
BP variability. Also, we did not perform MRI, and thus, may have missed smaller ischemic
lesions, the more accurate calculation of the infarct volume or to be more ascertain of the
involvement of autonomic areas. Nevertheless, we dichotomized stroke volume by median

values instead of using this variable as a continuous variable to surpass this limitation.

Conclusions

The magnitude of rapid oscillations of blood pressure has significant impact in early
neurological recovery and late functional outcome of ischemic stroke patients after successful
recanalization. Very short-term BPV can be assessed quickly throughout the post intervention
period and could contribute to a more efficient blood pressure control in AlS patients

submitted to endovascular treatment.
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Figure legends
Figure 1

Flow chart of the study’s recruitment

Abbreviations: LOCF = last observation carried forward; mTICI = modified Thrombolysis in

Cerebral Infarction; NICU = neurocritical care unit; TCD = transcranial Doppler

From Set 1 2017 to Jan 3 2019
n =227 Admitted to Angiography for
Mechanical Thrombectomy

Not eligible
n = 18 Posterior Circulation

n = 58 Anterior Circulation
n = 14 with mTICI 2a
n =44 with mTICI 0 or 1

Y

n= 151 Eligible patients
n = 13 spontaneous recanalizations
n =83 with mTICI 3
n =55 with mTICI 2b

n= 1 infection

Excluded | 1= 1 poor quality signal data
"I n= 18 Monitoring not available

within 72 hours

n =121 enrolled

h 4

Final Assessment Available (n = 121)
n = 109 attended visit at 90 days
n = 78 clinical evaluation
n =31 telephone interview
n= 11 died prior to 90-day visit
n= 1 LOCF from discharge (27 days)
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Figure 2

Template chart of strategic lesions affecting the central autonomic network areas studied in

control 24-hour CT.

Figure legends: A — Right anterior insular cortex; B — Left posterior insular cortex; C —
Frontobasal cortex; D — Amygdala efferent pathways; E — diencephalic midline shift; F —

Cingulate cortex
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Figure 3

Exemplificative cases A, B and C of very-short term variability calculation. In all three cases
we present the source recordings (only one minute is shown for graphical proposes) of
continuous blood pressure (BP) obtained by Finometer MIDI (in red), cerebral blood flow
velocity (CBFV) obtained by transcranial Doppler (TCD; blue) and expiratory carbon dioxide
(COy) from capnography with nasal cannula (green). CBFV was not evaluated in the present
study but is shown here for comparison with BP. At the bottom of each case the chart
represents the spectral density of systolic BP across all frequency ranges with different
shades accordingly standard frequency bands — very-low (VLF; light grey), low (LF; dark
grey) and high (HF; black). Case A represents a patient with poor prognosis having the BPV
peaking within HF range. This is also discernible in time domain by inspection of continuous
blood pressure line (red) and the sinusoidal oscillation pattern of blood pressure according 3
times every 10 seconds (0.3 Hz). At this range, cerebral blood flow shows the

same HF oscillatory pattern as in BP. Case B represents a patient with good prognosis that
has the opposite pattern of increased LF over HF power of systolic BP spectrum. Case C
represents a poor prognosis patient that has atrial fibrillation. Notice the remarkable beat-to-
beat variation related to the co-morbidity causing spectral demodulation but still shows a

peak at HF band as in Case A.
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Tables

Table 1 Demographic, clinical and radiological characteristics of all patients and the

differences between functional outcome at 90 days and early neurological recovery

subgroups.
All | Independ | Dependen P Early Early P
(n= | entmRS t value | neuro neuro | value*
121) 0-2 mRS 3-6 * recover | recovery
(n=63) (n=58) y No (n =
Yes (n 58)
= 59)
Age, years — 70 68 (14) 73 (13) 0.02% | 70 (13) | 70(15) 0.84
mean (SD) (14)
Male sex — n 60 31 (49) 29 (50) 0.93 | 33(55) | 27 (45) 0.27
(%) (50)
Hypertension— | 76 38 (60) 38 (66) 0.55 | 41(69) | 34(59) 0.19
n (%) (63)
Diabetes 29 | 16 (25) 13(22) | 0.70 [ 16(27) | 12(20) | 0.39
mellitus — n (24)
(%)
Dyslipidemia— | 70 35 (56) 35 (60) 0.59 | 38(64) | 31(53) 0.20
n (%) (58)
Smoker —n (%) | 17 11 (18) 6 (10) 0.26 | 6(10) 11 (18) 0.19
(14)
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Atrial 53 | 26 (41) 27(47) | 056 [ 26(44) | 26(45) | 1.00

Fibrillation—n | (44)

(%)

Ischemic Heart | 15 7 (11) 8 (14) 0.66 | 6(10) | 9(15) | 0.41

Disease —n (%) | (12)

Heart Failure— | 18 | 11 (18) 7 (12) 043 [10(17) | 8(14) | 064

n (%) (15)

Chronic

medication — n

(%)

Statin 58 30 (48) 28 (48) 0.94 | 32(54) | 25(43) 0.20
(48)

Antiplatelet 33 17 (27) 16 (28) 0.94 | 15(25) | 18(30) 0.54
(27)

Anticoagulant 27 11 (18) 16 (28) 0.18 | 18(30) | 8(13) 0.03
(22)

Antihypertensi 76 38 (60) 38 (66) 0.55 | 38(64) | 37(64) 0.85

ve (63)

Beta-blockers 45 27 (47) 18 (33) 0.15 | 18(30) | 26 (44) 0.10
(40)

Calcium- 17 6 (10) 11(20) | 014 | 8(14) | 8(14) | 097

channel (15)

blockers

ACEI/ARB 43 | 20(35) 23(43) | 038 [22(37) | 20(34) | 0.75
(38)
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Glucose, mg/dL | 131 | 123 (99— | 140 (116 | 0.22 137 130 (109 | 0.96
—median (IQR) | (104 165) 160) (100— | —161)
- 164)
161)
Respiratory 17 | 18(15— [17(15-21) | 071 | 18(15 | 16 (14— | 0.22
Rate, bpm — (15 - 21) —-21) 19)
median (IQR) 21)
TOAST 0.63 0.31
Classification —
n (%)
Large Artery 18 10 (16) 8 (14) 7(12) 11 (18)
Atherosclerosis | (15)
58 28 (44) 30 (52) 29 (48) | 28(47)
Cardioembolis | (48)
m
38 20 (32) 18 (31) 22 (37) | 16(27)
Undetermined | (31)
Other 4(3) 2(3) 2(3) 1(2) 3(5)
(Carotid
Dissection)
Baseline NHISS | 15(9 | 10 (6 - 16 (15—~ |<0.01* | 15(9—- | 15(7 - 0.63
—median (IQR) | —17) 15) 20) 18) 17)
Occlusion site — 0.89 0.52

n (%)
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Terminal 16 8 (14) 8 (15) 6 (11) | 10(18)
ICA (14)

M1 84 | 43(74) 41 (76) 44 (75) | 39 (67)

(75)
M2 12 7 (12) 5(9) 6(11) | 6(11)
11)

ASPECTS 9(7 | 10(7- | 9(7-10) | 012 [ 10(8—| 9(7— | 0.02°
Score — median | —10) 10) 10) 10)
(IQR)
Collateral 2(2 | 3(2-3) | 2(2-3) | 036 | 3(2— | 2(2-3) | 035
grade — median | —3) 3)
(IQR)
AV 53 28 (44) 25 (43) 0.88 | 28 (47) | 25(42) 0.58
Thrombolysis — | (44)
n (%)
Grade 3 in 79 38 (60) 41 (71) 0.23 | 43(72) | 35(60) 0.13
mTICI scale — (65)
n (%)
Hemorrhage 4 (3) 1(2) 3(5) 0.26 1(2) 3(5) 0.31
(PH1-PH2)
LSW to TPA 165 | 141 (107 |188(138—-| 0.19 138 225 (157 | 0.01
time, minutes (115 | -225) 258) (105- | —250)
— median - 206)
(IQR) 241)




LSW to 375 | 368 (289 | 395(327-| 0.15 328 | 410 (333 | <0.01?
Recanalization | (297 —481) 571) (249 - | —595)
time, minutes — - 450)

median (IQR) 494)

LSW to 1071 | 1020 (610 | 1190 (646 | 0.44 1190 1058 0.65
Finometer (623 | —1910) —2352) (611 | (667 —
time, minutes — - 2145) 2143)

median (IQR) 2140

)

Abbreviations: ACEI = Angiotensin Converting-Enzyme Inhibitor; ARB = Angiotensin
Receptor Blocker; ASPECTS = The Alberta Stroke Program Early Computed Tomography
Score (ASPECTS); BP = blood pressure; ICA = internal carotid artery; IQR = interquartile
range; LSW = last-seen-well time; M1 = main trunk of the middle cerebral artery; M2 = first-
order branch of the main trunk of the middle cerebral artery; mTICI = modified
Thrombolysis in Cerebral Infarction; NHISS = Scores on the National Institutes of Health
Stroke Scale; SD = standard deviation; TOAST = Trial of Org 10172 in Acute Stroke
Treatment. Early neurological recovery defined as scoring a NIHSS of 0 or 1 or a drop of >8
points in NIHSS from baseline to 24 hours.

* P values are shown for differences between outcome subgroups obtained from chi-square
test/ Fisher’s exact test for categorical variables, or Student’s t/Mann-Whitney test for
continuous variables.

Multiple comparisons were adjusted by Bonferroni method (new P value was set to P<0.05
divided by the number of comparisons)

4Remained significantly associated (p<0.05) with the dependent variable after forward

stepwise logistic regression.
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Table 2 BP parameters among subgroups of functional outcome at 90 days and early

neurological recovery

All Independ | Dependen P | Early Early P
(n= ent MRS t valu | neurologic | neurologic | value
121) 0-2 mRS 3-6 | e* | al recovery al *
(n=63) (n=58) Yes recovery
(n=61) No
(n =60)
Admission
Systolic 143 (23) | 140(25) | 145(21) | 0.23 | 146(23) | 141(23) | 0.29
BP, mm
Hg — mean
(SD)
Diastolic | 76 (19) | 75 (23) 78 (14) | 0.42 | 79 (16) 77(13) | 0.34
BP, mm
Hg -
mean (SD)
24-hour
monitorin
g
Averaged | 125(17) | 121 (18) | 128(16) |0.045| 125 (18) 123 (17) | 0.66
Systolic
BP, mm
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Hg — mean

(SD)

SD of
Systolic
BP, mm
Hg — mean

(SD)

13 (10—

16)

13 (10—

16)

14 (11—

17)

0.14

13 (11—

15)

14 (10—

17)

0.25

Averaged
Diastolic
BP, mm
Hg — mean

(SD)

68 (12)

68 (13)

69 (11)

0.93

70 (13)

66 (10)

0.11

SD of
Diastolic
BP, mm
Hg — mean

(SD)

9(7-

11)

9(7-11)

9(8-12)

0.26

9 (7-11)

9(8-12)

0.12

Very
Short-
term
systolic BP
variability

(5 min)
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Total 47.7 455(20.1 | 51.3(24.2 | 0.28 | 46.2(21.0— | 51.3(22.3 | 0.28
spectral (21.9- | -81.5) —175) 73.6) -172)

power, 89.3)

mm Hg? -

median

(IQR)

VLF 25.4 27.6 (11.3 | 23.4(12.8 | 0.94 | 242 (11.6—| 256 (109 | 0.44
power, (11.6— | —445) ~52.3) 44.3) —59.5)

mm Hg? - 48.0)

median

(IQR)

LF power, | 7.3(3.7 | 64(3.6— | 82(38- | 072 | 6.7(36— | 84(36— | 0.66
mmHg2—- | —20.2) | 20.2) 22.1) 19.2) 21.4)

median

(IQR)

HF power, | 59(2.6 | 3.8(16— | 88(37—- | <00 | 40(17- | 7.7(31— | 0.03
mmHg?- | —16.6) 10.8) 23.0) 1 13.6) 17.3)

median

(IQR)

LF 0.54 061 | 0.46(0.19) | <0.0 [ 0.58(0.23) | 0.50(0.22) | 0.03
spectral (0.23) (0.24) 1

power, nu

—mean

(SD)
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HF 0.46 0.39 [054(0.19) [ <0.0 [ 0.42(0.23) [ 0.50(0.22) [ 0.03
spectral (0.23) (0.24) 1

power, nu

—mean

(SD)

LF/HF 1.11 1.91(0.83 | 0.82(0.42 | <0.0 | 1.42(0.72— | 0.85(0.49 | 0.03
ratio — (057— | -5.07) —1.26) 1 3.84) ~2.07)

median 2.8)

(IQR)

Abbreviations: BP = blood pressure; HF = High Frequency; IQR = interquartile range; LF =

Low frequency; LF/HF ratio = ratio of low-high frequency power; nu = normalized units; SD

= standard deviation; VLF = Very low frequency

Early neurological recovery defined as scoring a NIHSS of 0 or 1 or a drop of >8 points in

NIHSS from baseline to 24 hours.

* P values are shown for differences between outcome subgroups obtained from chi-square

test/ Fisher’s exact test for categorical variables, or Student’s t/Mann-Whitney test for

continuous variables.
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Table 3 Univariate and multivariate logistic regression analysis for predicting outcome from

BP parameters

Outcom MRS 0 -2 Early

e at 90 days — neurological

measure n (%) recovery at

S 24 hours — n

(%)
Univariate [*MultivariatfMultivariatilUnivariate [*MultivariatfMultivariat
Model e Model 1 |e Model 2 Model e Model 1 |e Model 2
Unadjusted |Adjusted |Adjusted |Unadjusted |Adjusted  |Adjusted
Odds ratio |Odds ratio |Odds ratio |Odds ratio |Odds ratio |Odds ratio
(C1 95%); P|(C1 95%); P|(CI 95%); P ((Cl 95%); P|(CI 95%); P [(Cl 95%); P
value value value value value value
All
(n=121)

24-h  0.98 (0.96 —|0.97 (0.95-/0.98 (0.96— [1.0 (0.98 — [1.00 (0.98 —|0.97 (0.98—

average [1.00); 1.00); 1.00); 1.02); 1.04); 1.01);

d p=005 [p=005 |p=011 p=089 |p=09 p=044

Systolic

BP, mm

Hg

HF 0.56 (0.33 —|0.63 (0.34 —|0.60 (0.35 —0.93 (0.60 —{0.88 (0.56 —[0.72 (0.44 —

spectral [0.964); 1.18); 1.015); 1.44); 1.37); 1.20);

power, |p=0.04 p=0.15 p =0.07 p=0.74 p=0.57 p=0.21

mm Hg?
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HF 0.50 (0.33 —|0.56 (0.35 —|0.40 (0.24— 0.69 (0.48 —|0.67 (0.46 —|0.61 (0.38 —

spectral 0.74); 0.88); 0.68); 0.996); 0.98); 0.97);

power, [p <0.01 p=0.01 p=0.01 p=0.047 p=0.04 p=0.04

nu

LF/HF |1.45 (1.15-/1.38 (1.09 —1.92 (1.32 —|0.99 (0.95 —[0.98 (0.95 —{0.99 (0.90 —

ratio 1.84) [1.76) 2.78) 1.02) 1.02) 1.08)
p<00l [p<00l [p=001 [p=047 p=039 [p=0.75

No AF

24-h 0.95 (0.92 —{0.94 (0.89 —0.96 (0.92— 1.01 (0.98 —|1.00 (0.97 —{0.99 (0.97—

average (0.987); 0.99); 0.995); 1.04); 1.04); 1.03);

d p<00l p=001 [p=003 p=075 [p=083 |p=0097

Systolic

BP, mm

Hg

HF 0.001 (0.00 |0.001 (0.00 |0.001 (0.00 0.91 (0.22 —|0.73 (0.17 —[1.34 (0.29 —

spectral - 0.15); — 0.38); — 0.33); 3.85); 3.20); 6.54);

power, p<0.01 p =0.02 p =0.02 p=0.90 p=0.68 p=0.69

mm Hg?

HF 0.37 (0.21—-|0.47 (0.25 —|0.30 (0.14— |0.63 (0.39 —|0.65 (0.39 —[0.55 (0.29-

spectral [0.67); 0.88); 0.63); 1.03); 1.08); 1.01);

power, |p<0.01 p =0.02 p =0.02 p=0.07 p=0.10 p =0.07

nu

LF/HF [1.44 (1.10-1.35(1.04 —|1.90 (1.25—/0.99 (0.95-/0.98 (0.95 —[1.21 (0.93 —

ratio  [1.88) 1.75) 2.89) 1.02) 1.02) 1.58)
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p<00l p=002 [p=003 p=052 [p=040 [p=0.15
AF
24-h 1.00 (0.97 —[1.00 (0.96 —{1.01 (0.97— [1.00 (0.97 —|0.99 (0.96 —(0.98 (0.93 —
average [1.04); 1.04); 1.05); 1.03); 1.03); 1.02);
d p=083 p=099 [p=073 p=09 |[p=067 [p=025
Systolic
BP, mm
Hg
HF 0.66 (0.39 —|0.67 (0.35—|0.60 (0.34 —|0.92 (0.55 —|0.85 (0.51 —|0.62 (0.33 —
spectral [1.12); 1.27); 1.08); 1.52); 1.44); 1.20);
power, p=0.12 p=0.22 p =0.08 p=0.74 p =0.56 p=0.15
mm Hg?
HF 0.69 (0.37 —{0.65 (0.31 —0.43 (0.18 —|0.73 (0.39 —0.67 (0.34 —|0.71 (0.32—
spectral [1.29); 1.34); 1.02); 1.37); 1.31); 1.56);
power, p=0.25 p=0.24 p =0.06 p=0.33 p=0.24 p=0.39
nu
LF/HF [1.59 (0.93 -[2.19 (1.07 —2.52 (1.15 —0.97 (0.87 —{0.99 (0.88 —[0.99 (0.87 —
ratio  [2.70) 4.49) 5.55) 1.08) 1.12) 1.12)
p=009 |p=003 p=002 [p=060 p=090 |p=0.82

Abbreviations: AF = Atrial fibrillation; Cl = confidence interval; nu = normalized units; HF

and LF = High and low frequencies;

Early neurological recovery defined as scoring a NIHSS of 0 or 1 or a drop of >4 points in

NIHSS from baseline to 24 hours.
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* Multivariate model 1 = adjusted to predictors of outcome — age, NIHSS, Last-seen-well to

canalization time (hours), the Alberta Stroke Program Early Computed Tomography Score

(ASPECTS), modified Thrombolysis in Cerebral Infarction (mTICI).

+ Multivariate model 2 = adjusted to variables significantly associated with the BP

parameters (Supplemental Table 1) — sex, tobacco, heart failure, coagulant use, previous use

of angiotensin conversion enzyme inhibitor or receptor blocker, respiratory frequency.

Odds ratio, Cl and P values were obtained by logistic regression analysis to predict outcome

Table 4 BP parameter differences accordingly to the affected selective regions of the brain

related to central autonomic network and infarct volume

24-h P HF spectral P HF spectral P LF/HF ratio P
Averaged value *power, mm Hg?value power, nu value *Median (IQR) yvalue
systolic BP, Median (IQR) Median (IQR) *
mm Hg
Mean (SD)
Rightvs |Yes [126.4 (16.7) [0.25 1[6.24(2.62— [0.42 0.47 (0.28— 1|0.91 [1.14(0.57- 1[0.91
Left n=58 17.3) 0.64) 2.58)
hemisphe
re infarct
No [122.5(18.0) 5.44 (1.82 — 0.48 (0.24 — 1.10 (0.56 —
N=49 13.6) 0.64) 3.21)
Insular [Yes [123.4(15.9) (043 [.26(255—- [0.71 |0.46(0.21—- [0.40 [1.16 (0.57—- (.40
cortex  |n=62 14.3) 0.64) 3.67)
(any side)
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No [126.1(19.4) 6.84 (2.69 — 0.49 (0.33 - 1.06 (0.52 —

N=44 17.3) 0.66) 2.01)

Right Yes |127.6(17.2) [0.23 [5.24(2.62— |0.88 0.48 (0.20— [0.54 [1.07 (0.40— [0.54
Anterior n=33 20.5) 0.71) 3.91)

Insular

cortex

No [123.2 (17.4) 6.77 (2.51 — 0.46 (0.30 — 1.16 (0.61 —

N=73 17.3) 0.62) 2.35)

Left Yes [120.8 (12.6) 0.31 4.79(1.82- [0.40 0.34(0.21— 1|0.02 [1.93(0.93— [0.02
Posterior |n=19 13.7) 0.52) 3.75)

Insular

cortex

No [125.4(18.2) 6.77 (2.61 — 0.49 (0.30 — 1.03 (0.49 —

N=87 17.3) 0.67) 2.31)
Cingulate[Yes [135.0 (12.2) [0.17 [5.24(1.20—- [0.93 [0.34 (0.10— [0.14 [1.96 (0.54 - [0.14
Cortex |n=5 43.4) 0.65) 8.99)

No [124.0 (17.5) 6.24 (2.61 — 0.48 (0.30 — 1.09 (0.57 —

N=101 14.2) 0.64) 2.39)
Right  [Yes [128.7(19.0) 0.33 16.77 (1.84— |0.93 [0.48 (0.26 - [0.83 [1.09 (0.57 - [0.83
Amygdal n=15 21.4) 0.64) 2.85)
a

No [123.9 (17.1) 5.89 (2.60 — 0.47 (0.27 — 1.13 (0.55 —

N=91 17.3) 0.65) 2.71)
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Left Yes |126.3(12.2) [0.73 [10.3(3.41- |0.46 0.33(0.24— [0.03 [2.02(1.21- [0.03
Amygdal n=11 14.2) 0.45) 3.19)
a

No [124.4(17.9) 5.62 (2.36 — 0.48 (0.30 — 1.07 (0.53 —

N=95 17.4) 0.65) 0.35)
Frontobas|Yes [129.0 (14.6) [0.21 8.76 (2.63— [0.37 [0.45(0.20— [0.65 [1.22 (0.57 - 10.65
al cortex n=20 25.5) 0.64) 4.09)

No [123.5(17.9) 5.79 (2.17 — 0.48 (0.30 — 1.10 (0.55 —

N=86 14.2) 0.64) 2.32)
Dienceph|Yes [136.8 (13.4) [0.15 [5.24 (1.95— [0.75 [0.42(0.10— [0.52 [1.37(0.48— [0.52
alic n=4 79.5) 0.68) 8.99)
midline
shift

No [124.1(17.4) 6.24 (2.60 — 0.48 (0.29 — 1.10 (0.57 —

N=102 15.1) 0.64) 2.49)
Stroke |<=11.7[123.5(18.2) 048 [7.19(1.59— [0.99 [0.47 (0.21— [0.88 [1.14 (0.56— [0.88
volume, [N=56 25.1) 0.64) 3.82)
ml ¥

>11.8 [125.8 (16.4) 5.62 (2.98 — 0.48 (0.32 — 1.10 (0.58 —

N=51 12.0) 0.63) 2.11)

Abbreviations: BP = blood pressure; Cl = confidence interval; HF and LF = high and low

frequency components of very short-term BP variability; nu = normalized units;

1 Stroke volume was assessed at 24-hour CT scan and dichotomized by median value
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Supplementary Data

Supplemental Table I Linear regression analysis exploring the relationship of baseline

characteristics and relevant BP parameters

24-h HF HF LF/HF
Averaged spectral spectral ratio
systolic power, power, nu
BP, mm mm Hg?
Hg
Beta (CI P value Beta (CI P value Beta (CI [P value Beta (CI [P value
95%) 95%) 95%) 95%)
/Age, years—  [0.18 (-0.07 [0.15 0.007 (- [0.29 0.01(- [0.09 [0.003 (- [0.61
mean (SD) - 0.43) 0.006-0.02) 0.002 — 0.02-0.01)
0.03)
Male sex — n (%)-7.61 (-14.1/0.022 -0.12 (-0.48/0.53 -0.18 (-0.55/0.33 -0.09 (-0.45(0.64
- -1.10) - 0.25) - 0.19) - 0.28)
Prev. Stroke/T1AB.30 (-3.56 (0.24 0.09 (-0.42 (0.74 0.06 (-0.44 (0.80 -0.14 (-0.65/0.57
- n (%) - 14.2) - 0.59) - 0.57) - 0.36)
Ischemic Heart (8.0 (-2.10 —[0.12 0.04 (-0.52 0.88 -0.003 (- [0.99 0.08 (-0.48 [0.78
Disease —n (%) [18.1) — 0.60) 0.56 — 0.55) — 0.64)
Heart Failure — n|-5.04 (-14.1/0.27 0.10 (-0.42 0.72 0.03 (-0.49 0.92 0.52 (0.01 —(0.048
(%) - 4.04) - 0.62) - 0.54) 1.03)
Atrial 3.59 (-3.06 [0.29 0.79 (0.44 —|<0.012 0.57 (0.21 —<0.012 -0.19 (-0.56/0.32
Fibrillation —n |- 10.2) 1.13) 0.92) - 0.18)
(%)
Hypertension —n6.15 (-0.77 |0.08 0.30 (-0.08 0.12 0.53 (0.16 —<0.01 0.13 (-0.25 0.50
(%) - 13.1) - 0.68) 0.89) - 0.51)
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Diabetes 7.34 (-0.66 [0.07 0.28 (-0.15 0.20 0.29 (-0.14 0.19 0.31(-0.11 0.15
mellitus — n (%) | 15.3) - 0.71) - 0.71) - 0.74)
Dyslipidemia — n[1.95 (-4.78 (0.57 -0.02 (-0.39(0.92 -0.01 (-0.39(0.94 0.13 (-0.24 (0.49
(%) - 8.68) - 0.35) - 0.36) - 0.50)
Obesity — n (%) p.5 (-3.35-[0.22 0.17 (-0.33 [0.51 -0.04 (-0.54/0.89 -0.14 (-0.64]0.59
14.4) - 0.67) - 0.47) - 0.37)
Smoker —n (%) |5.60 (-15.4/0.26 -0.42 (-0.94/0.12 -0.02 (-0.55(0.94 0.57 (0.05 —(0.03?
- 4.22) - 0.10) - 0.51) 1.09)
Chronic
medication — n
(%)
Statin 0.18 (-6.49 (0.96 0.02 (-0.35 0.91 0.01 (-0.36 |0.95 0.15 (-0.22 |0.43
- 6.85) - 0.39) - 0.38) - 0.51)
Antiplatelet  [-0.95 (-8.45/0.80 -0.08 (-0.49(0.70 0.03 (-0.38 |0.89 0.28 (-0.13 |0.17
— 6.55) —0.33) - 0.44) - 0.69)
Anticoagulant (8.57 (0.97 —{0.022 0.79 (0.37 —<0.012 0.08 (-0.36 [0.71 -0.16 (-0.60(0.49
16.2) 1.20) - 0.52) —0.29)
-0.33 (-7.39/0.93 0.16 (-0.22 0.42 0.47 (0.10 —{0.01 0.13 (-0.25 (0.49
IAntihypertensivel- 6.73) —0.54) 0.84) —0.51)
Beta-blocker [2.55 (-4.21 [0.46 0.30 (-0.10 [0.14 0.10 (-0.28 |0.60 0.05 (-0.07 |0.40
- 9.31) - 0.69) - 0.48) - 0.17)
ACEI 4.32 (-2.46 [0.21 0.40 (0.003 0.048 0.78 (0.42 —<0.012 -0.02 (-0.14/0.76
- 11.2) - 0.80) 1.14) —0.10)
Calcium- 1.40 (-7.72 0.76 0.36 (-0.18 0.19 0.73 (0.23 —<0.01 -0.10 (-0.26(0.24
channel Blocker |- 10.5) —0.91) 1.23) —0.07)
24-h Averaged 10.002 (- [0.63 10.003 (- [0.44 0.004 (- 0.36
systolic BP, mm 0.01—0.01) 0.01-0.01) 0.004 —
Hg 0.01)
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Diastolic BP,  [0.05 (-0.12 [0.056 0.00 (-0.01 [1.00 -0.004 (- [0.45 0.01 (-0.01 [0.33
mmHg — mean  0.23) —0.01) 0.01-0.01) —0.02)
(SD)
Glucose, mg 0.05 (-0.03 [0.20 0.001 (- 0.63 0.004 (0.00 0.03 -0.002 (- [0.44
—0.12) 0.003 — —0.01) 0.01 -
0.01) 0.003)
Respiratory -0.08 (-0.80[0.83 -0.02 (-0.06(0.43 -0.06 (-0.10(<0.012 -0.01 (-0.05(0.67
Frequency, —0.64) — 0.02) - -0.02) —0.03)
cycles/minute
TOAST -0.10 (-0.09/0.30 0.00 (-0.01 0.97 -1.5x10 (- 0.95 0.00 (-0.01 (0.93
- 0.29) - 0.01)
Classification-n 0.01-0.01) - -0.01)
(%)
NHISS baseline -0.02 (-0.57(0.93 0.02 (-0.01 0.12 0.04 (0.01 —{0.02 -0.02 (-0.05(0.18
— median (IQR) |-0.52) —0.04) 0.07) —0.01)
Occlusion site — 5.42 (-1.15 (0.11 -0.07 (-0.46(0.74 -0.13 (-0.51/0.49 0.01 (-0.11 |0.93
n (%) - 12.0) - 0.33) - 0.24) - 0.12)
IASPECTS 0.25 (-1.73 [0.80 0.07 (-0.04 0.23 0.02 (-0.09 (0.69 0.04 (-0.07 (0.45
Score-median |- 2.23) —0.18) —0.13) —0.15)
(IQR)
Collateral grade -4.01 (-8.74(0.10 -0.28 (-0.62(0.10 -0.20 (-0.47(0.14 0.04 (-0.01 |0.11
—0.72) —0.05) —0.07) —0.08)
IV Thrombolysis|-6.89 (-13.7/0.046 -0.08 (-0.450.68 -0.01 (-0.38(0.95 0.14 (-0.23 (0.45
—n (%) —-0.12) —0.29) - 0.36) —0.51)
Grade 3 mTICI 6.42 (-0.44 0.07 0.25 (-0.13 0.20 0.06 (-0.33 [0.76 0.09 (-0.30 (0.65
scale—n (%) |- 13.3) L 0.63) L 0.45) L 0.48)
Hemorrhage 9.68 (-10.4 0.34 -0.24 (-1.27(0.64 -0.17 (-1.19(0.75 -0.12 (-1.15/0.82
(PH1-PH2) —n [-29.8) - 0.78) - 0.86) —0.91)
(%)
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LSW to TPA, [0.02 (-0.003(0.10 0.00 (-0.001/0.79 0.00 (0.00 —{0.26 0.00 (0.00 —{0.95
hours — median - 0.04) — 0.001) 0.001) 0.001)

(IQR)

LSW to Rec., [0.002 (-0.01/0.58 0.00 (0.00 —(0.95 0.00 (-0.0010.79 0.00 (0.00 —(0.86
hours — median  0.01) 0.001) — 0.00) 0.001)

(IQR)

Gt5LSW to 0.00 (-0.0020.41 0.00 (0.00 -{0.28 0.00 (0.00 —{0.62 0.00 (0.00 —{0.58
TCD, hours — [-0.004) 0.001) 0.001) 0.001)

median (IQR)

Abbreviations: ACEI = Angiotensin Converting-Enzyme Inhibitor; ARB = Angiotensin
Receptor Blocker; ASPECTS = The Alberta Stroke Program Early Computed Tomography
Score (ASPECTS); BP = blood pressure; ICA = internal carotid artery; IQR = interquartile
range; LSW = last-seen-well time; M1 = main trunk of the middle cerebral artery; M2 = first-
order branch of the main trunk of the middle cerebral artery; mTICI = modified
Thrombolysis in Cerebral Infarction; NHISS = Scores on the National Institutes of Health
Stroke Scale; nu = normalized units; SD = standard deviation; HF and LF = High and low
frequency powers of BP; TOAST = Trial of Org 10172 in Acute Stroke

Beta coefficients (95% CI) and P values were calculated by univariate linear regression for
BP parameters with each brain are parameter as independent variables. The values of P<0.05
are highlighted in bold.

4Remained significantly associated (p<0.05) after forward stepwise multivariate logistic

regression.
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