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Abstract
Background: Studies exploring on the relationship between blood pressure fluctuations and outcome in acute ischemic stroke
(AIS) patients treated with intravenous thrombolysis (IVT) are limited. We aimed to investigate the influence of blood pressure
variability (BPV) during the first 24 hours after IVT on neurological deterioration (END) and 3-month outcome after IVT in
patients with symptomatic intracranial arterial stenosis or occlusion (SIASO).
Methods: Clinical data from consecutive AIS patients with SIASO who received IVT were retrospectively analyzed. The hourly
systolic BP of all patients were recorded during the first 24 hours following IVT. We calculated three syslolic BPV parameters
including coefficient of variability (CV), standard deviation of mean BP (SD) and successive variation (SV). The SV was
categorized into four grades based on quartiles. The END was defined as neurological deterioration with an increase in the
National Institutes of Health Stroke Scale (NIHSS) score ≥ 4 points within the first 72 hours after admission. Follow-ups was
performed at 90 days after onset were performed, and favorable and poor outcome were defined as a modified Rankin Scale
scores of ≤1 or ≥2, respectively.
Results: A total of 110 patients were included, with a mean age of 62.0 ± 12.5 years. 86 patients (78.2%) were male. Twenty
patients (18.2%) experienced END, and 37 patients (33.6%) had a favorable outcome. Compared with patients with in the poor
outcome group, age ([64.8 ± 10.9] vs [56.7 ± 13.8]), NIHSS on admission (11.0 [7.0 -16.0] vs 6.0 [3.5 - 9.0]), SV ([14.5 ± 4.3] vs
[11.8 ± 3.2]) and SD ([12.7 ± 3.8] vs [10.9 ± 3.3]) were lower in the favorable outcome group (all p < 0.05). No BPV parameters
were associated with END. In the multivariable logistic regression analysis, compared with the lowest SV (SV<25% quartile),
SV50%-75% (odds rato [OR] = 4.449, 95% confidence interval [CI] = 1.231-16.075, p = 0.023) and SV>75% (OR = 8.676, 95% CI =
1.892-39.775, p = 0.005) were significantly associated with poor outcome at 3 months.
Conclusions: SV had a negative relationship with the 3-month outcome in AIS patients with SIASO treated with IVT, indicating
that BPV may affect the outcome of AIS.

Background
Globally, stroke is the second most common cause of death and the third most common disabling disease [1, 2]. Intravenous
thrombolysis therapy (IVT) can significantly improve functional outcomes. However, previous studies have reported that IVT
outcomes are associated with various factors [3–5], including age [6], Trial of Org 10172 in Acute Stroke Treatment (TOAST)
classification [7–10], National Institutes of Health Stroke Scale (NIHSS) score on admission, and systolic blood pressure (SBP)
on admission [11].
Symptomatic intracranial arterial stenosis or occlusion (SIASO) is an important risk factor for poor prognosis after acute
ischemic stroke (AIS) [12, 13]. The Warfarin–Aspirin Symptomatic Intracranial Disease trial revealed that 44% of strokes in the
territory of the intracranial artery were disabling, whereas just 31% of strokes outside of this territory were disabling [12].
Blood pressure variability (BPV) is the fluctuation of BP over a certain period of time. Blood pressure (BP) fluctuations are a
process of constant adjustment in response to various environmental factors, both inside and outside the body, to better adapt
to the needs of the body. Fluctuations in BP are the result of the joint action of a range of factors, such as nerve and humoral
regulation. Recently, higher BPV within 24 hours after stroke was reported to be associated with poor outcome after IVT [11, 14–
17]. However, SIASO, which is significantly associated with poor outcome after AIS [7–10, 12, 13], was not investigated
separately in these previous studies. In the present study, we aimed to explore the influence of BPV during the first 24 hours after
IVT on neurological deterioration (END) and 3-month outcome in patients who had SIASO and received IVT.

Methods

Patient selection
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Patients with AIS who were treated with recombinant tissue plasminogen activator (r-tPA) IVT and admitted to Dongguan
People's Hospital between 1 January 2017 and 31 December 2019 were consecutively recruited. The inclusion criteria were as
follows: (1) aged > 18 years; (2) AIS was confirmed by magnetic resonance imaging (MRI) on admission; (3) SIASO was
confirmed by three-dimensional time-of-flight magnetic resonance angiography; (4) onset of stroke symptoms was within 4.5
hours of treatment with r-tPA; (5) clinical features and BP were recorded at baseline and then hourly for 24 hours after IVT; (6)
prestroke modified Rankin Scale (mRS) score ≤ 1; and (7) follow-up by face-to-face consultation or by phone at 3 months, with
complete documentation. The exclusion criteria were as follows: (1) additional endovascular therapy after IVT; (2) incomplete
clinical data or lost to follow-up; and (3) permanent or temporary contraindication for MRI. This study was approved by the
ethics committee of Dongguan People's Hospital (approval number: KYKT2018-002). The study was considered exempt from
requiring informed consent from patients because of its retrospective nature.

Data collection
Demographic data including age, sex, and a history of hypertension, diabetes mellitus, smoking, atrial fibrillation, and previous
stroke were collected. Stroke subtypes were classified according to the TOAST criteria [18], and the NIHSS on admission, onsetto-treatment time, SBP on admission, and hourly SBP for 24 hours after IVT were also collected.

Definition of BPV
The hourly SBPs of all patients were recorded during the first 24 hours after IVT using a cuff-type BP monitor. According to the
guidelines [19], intravenous urapidil was administered to reduce BP levels to < 185/110 mmHg just before r-tPA administration,
and to maintain BP levels at < 180/105 mmHg during the first 24 hours after IVT. The BPV was calculated using the following
equation [14]:

(1) Standard deviation of mean BP (SD):
(2) Coefficient of variability (CV [%]): SD/BPmean × 100,

(3) Successive variation (SV):

Analysis of BPV
SV was a continuous variable and was divided into four grades based on the quartiles. We assessed the relationship between
SV and END and the 3-month outcome, as well as the relationship between each interval of SV and END and the 3-month
outcome.

Definition of SIASO
The degree of stenosis was measured using MRI (the MRI parameters are detailed in our previous article [20]) by comparing the
vessel diameter at the site of stenosis (Dstenosis) with the normal vessel diameter distal to the stenosis (Ddistal) using the
following formula: Stenosis% = (1 − [Dstenosis/Ddistal]) × 100% [21].
SIASO was defined as no less than 50% stenosis of the intracranial artery that was responsible for the AIS [22].

Outcome definition
In our study the definition of END referred to neurological deterioration, with an increase in NIHSS score ≥ 4 points in the first 72
hours after admission [23]. We followed up these patients and assessed their mRS scores at 90 days after onset. Favorable and
poor outcomes were defined as mRS ≤ 1 and ≥ 2, respectively. Incidents of stroke recurrence and death within the follow-up
period were also recorded.

Statistical analysis
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Statistical analyses were conducted using SPSS for Windows (v.20.0; IBM Corp., Armonk, NY, USA). Continuous variables with a
normal distribution were reported as the mean ± SD and non-normally distributed variables as the median and interquartile
range. Univariate analyses were performed using the t-test/Mann–Whitney U test (for two groups) or one-way analysis of
variance/Kruskal–Wallis H test (for three or more groups) for continuous variables, and the χ2 test for categorical variables.
Variables with p < 0.05 in the univariate analysis were included in further binary multivariate logistic regressions. Statistical
significance was defined as p < 0.05 (two-sided). Statistical graphs were drawn using GraphPad Prism (v.9.0; GraphPad
Software, San Diego, CA, USA).

Results

Clinical characteristics of patients
Of the 320 AIS patients who were treated with r-tPA IVT in our stroke unit, 210 patients were excluded for the following reasons:
without SIASO (n = 190), baseline mRS ≥ 2 (n = 7), lost to follow-up (n = 7), underwent additional endovascular therapy (n = 4),
and died as a result of non-ischemic stroke (n = 2). Therefore, 110 patients were enrolled in this study (Fig. 1).
These 110 patients had a mean age of 62.0 ± 12.5 years, and 86 (78.2%) of the patients were male. Urapidil was used to lower
BP in nine patients before IVT. Twenty patients (18.2%) had END, while 37 (33.6%) had a favorable outcome and 73 (66.4%) had
a poor outcome at the 3-month follow-up. There were significant differences among these four groups of SV quartiles in terms
of age, hypertension, use of antihypertensive therapy before IVT, atrial fibrillation, and mRS score at 90 days (Table 1). There
were no differences between the END and non-END groups in terms of age, atrial fibrillation, SBP on admission, onset-totreatment time, NIHSS on admission, or previous medical history (including hypertension, diabetes, hypercholesterolemia, history
of coronary heart disease, previous stroke, and ex-smoker status; Table 2). Of the included patients, 23 (20.9%) had atrial
fibrillation. Compared with those with favorable outcomes, patients with poor outcomes were older, had higher NIHSS scores on
admission, and were more likely to have atrial fibrillation. There were no differences in SBP on admission between the poor and
favorable outcome groups (Table 2).
Table 1 Characteristics and successive blood pressure variability of the study sample
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Characteristics

All sample
(n=110)

SV<25%<10.84
(n=27)

SV25%-50%=

SV50%-75%=

SV>75%>16.00

10.84-13.25
(n=28)

13.26-16.00
(n=27)

(n=28)

P
value

Agea (years)

62.0(12.5)

55.4(13.4)

60.2(14.1)

67.7(8.7)

64.7(9.8)

0.004

Menb, n (%)

86(78.2%)

21(77.8%)

23(82.1%)

22(81.5%)

20(71.4%)

0.475

Hypertensionb, n (%)

73(66.4%)

16(59.3%)

16(57.1%)

17(63.0%)

24(85.7%)

0.026

Use antihypertensive therapy
before IVTb, n (%)

9(8.2%)

1(3.7%)

1(3.6%)

0

7(25.0%)

0.002

Diabetes mellitusb, n (%)

29(26.4%)

4(14.8%)

6(21.4%)

9(33.3%)

10(35.7%)

0.472

History of
hypercholesterolemiab, n (%)

41(37.3%)

7(25.9%)

11(39.3%)

11(40.7%)

12(42.9%)

0.787

Smokers/ex-smokersb, n (%)

48(43.6%)

11(40.7%)

13(46.4%)

9(33.3%)

15(53.6%)

0.082

Atrial fibrillationb, n (%)

23(20.9%)

3(11.1%)

5(17.9%)

6(22.2%)

9(32.1%)

0.006

History of coronary heart
diseaseb, n (%)

9(8.2%)

1(3.7%)

1(3.6%)

5(18.5%)

2(7.1%)

0.705

Previous strokeb, n (%)

23(20.9%)

3(11.1%)

4(14.3%)

4(14.8%)

12(42.9%)

0.137

Systolic blood pressure on
admissiona

153.7(24.0)

148.1(23.8)

150.8(27.8)

147.1(21.8)

168.9(16.1)

0.353

OTTa (minutes)

194.2(54.8)

183.0(55.2)

181.1(52.7)

215.9(47.8)

197.3(58.4)

0.067

NIHSS on admissionc (IQR,2575)

9.0(5.814.0)

8.0(4.0-14.0)

9.5(6.0-14.0)

7.0(4.0-15.0)

9.0(6.3-13.8)

0.091

END b, n (%)

20(18.2%)

2(7.4%)

5(17.9%)

4(14.8%)

9(32.1%)

0.320
0.007

mRS at 90 daysc, n (%)

0

20(18.2%)

7(25.9%)

4(14.3%)

4(14.8%)

5(17.9%)

1

17(15.5%)

6(22.2%)

7(25.0%)

2(7.4%)

2(7.1%)

2

21(19.1%)

6(22.2%)

1(3.6%)

7(25.9%)

7(25.0%)

3

17(15.5%)

3(11.1%)

6(21.4%)

4(14.8%)

4(14.3%)

4

19(17.3%)

5(18.5%)

6(21.4%)

7(25.9%)

1(3.6%)

5

6(5.5%)

0

2(7.1%)

2(7.4%)

2(7.1%)

6

10(9.1%)

0

2(7.1%)

1(3.7%)

7(25.0%)

Note: aOne-way ANOVA; bx2test; cKruskal-Wallis H test.

SV Successive Variability of systolic blood pressure, NIHSS National Institutes of Health Stroke Scale, OTT Onset to Treatment
Time, mRS modified Rankin Scale, END Early Neurological Deterioration, IVT Intravenous Thrombolysis

Association between BPV parameters and outcomes
(1) Relationship between BPV parameters and END
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Although SV, SD, and CV all appeared to be lower in the END group than in the non-END group, there were no significant
differences between the two groups (Table 2).
(2) Relationship between BPV parameters and 3-month outcomes
Compared with patients in the poor outcome group, SV and SD were significantly lower in the favorable outcome group (all p <
0.05), while CV did not differ between the two groups (Table 2).
Table2 Risk factors of the 3-month poor outcome and END in univariable analysis
Poor
outcome
(mRS=2-6)

Favorable
outcome

t/X2/z
Value

P Value

With END
(n=20)

Without
END

t/X2/z
Value

P Value

(n=73)

(mRS=0-1)
(n=37)

(n=90)

Agea (years)

64.8(10.9)

56.7(13.8)

-3.129

0.003

64.8(10.3)

61.43(12.9)

-1.077

0.284

Menb , n (%)

12(16.4%)

12(32.4%)

3.682

0.055

17(85.0%)

69(76.7%)

0.666

0.556

Hypertensionb , n (%)

51(69.9%)

22(59.5%)

1.191

0.275

17(85.0%)

56(62.2%)

3.803

0.067

Use antihypertensive
therapy before IVTb, n
(%)

7(9.6%)

2(5.4%)

0.572

0.715

4(20.0%)

5(5.6%)

4.545

0.055

Diabetes mellitusb, n
(%)

21(28.8%)

8(21.6%)

0.646

0.422

6(30.0%)

23(25.6%)

0.167

0.683

History of
hypercholesterolemiab,
n (%)

25(34.7%)

16(43.2%)

0.756

0.385

6(68.4%)

35(61.1%)

0.357

0.550

Smokers/ex-smokersb,
n (%)

31(42.5%)

17(45.9%)

0.121

0.728

11(55.0%)

37(41.1%)

1.283

0.257

Atrial fibrillationb, n
(%)

20(27.4%)

3(8.1%)

5.525

0.024

6(30.0%)

17(18.9%)

1.222

0.269

History of coronary
heart diseaseb, n (%)

8(11.0%)

1(2.7%)

2.228

0.268

2(10.0%)

7(7.8%)

0.108

0.666

Previous strokeb, n (%)

19(26.1%)

4(10.8%)

3.438

0.083

6(30.0%)

17(18.9%)

1.222

0.269

Systolic blood
pressure on
admissiona

153.7(24.4)

153.2(24.2)

-0.108

0.914

161.2(25.6)

151.9(23.7)

-1.488

0.140

OTTa (minutes)

201(49.8)

180.9(62.0)

-1.842

0.068

193.0(56.8)

194.5(54.6)

0.115

0.909

NIHSS on admissionc

11.0(7.016.0)

6.0(3.5-9.0)

-4.377

0.000

10(5.316.3)

9(5.8-14.0)

-0.641

0.522

SVa

14.5(4.3)

11.8(3.2)

-3.650

0.000

15.2(4.3)

13.2(4.0)

-1.972

0.051

SD a

12.7(3.8)

10.9(3.3)

-2.569

0.012

13.7(4.8)

11.7(3.4)

-1.751

0.093

CVa

8.9(2.6)

8.0(2.4)

-3.650

0.092

9.2(3.2)

8.5(2.4)

-1.165

0.247

(IQR, 25-75)

Note: a Mean(SD),t-test; b n(%), chi-square test; cMann–Whiteny U test.
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mRS modified Rankin Scale, NIHSS National Institutes of Health Stroke Scale, OTT Onset to Treatment Time, END Early
Neurological Deterioration,
SV Successive Variation of systolic blood pressure, SD Standard Deviation of systolic blood pressure, CV Coefficient of systolic
blood pressure Variation
Independent variables that were significantly different between the favorable and poor outcome groups in the univariable
analysis were then entered into the subsequent logistic regression models (Table 3). In Model 1, age, NIHSS score on admission,
atrial fibrillation, SD, and overall SV were entered using a backward Wald method. NIHSS score on admission (odds ratio [OR] =
1.206, 95% confidence interval [CI] = 1.084–1.342, p = 0.001) and overall SV (OR = 1.182, 95% CI = 1.035–1.348, p = 0.013) were
significantly associated with poor outcome at 3 months. In Model 2, patients were divided into four groups based on systolic SV
value quartiles (SV< 25% < 10.84, SV25%−50% = 10.84–13.25, SV50%−75% = 13.26–16.00 and SV> 75% > 16.00), and these were
entered into the model along with the other variables used in Model 1. NIHSS score on admission (OR = 1.227, 95% CI = 1.099–
1.369, p < 0.001), SV50%−75% (SV< 25% as reference; OR = 4.449, 95% CI = 1.231–16.075, p = 0.023), and SV> 75% (SV< 25% as
reference; OR = 8.676, 95% CI = 1.892–39.775, p = 0.005) were significant predictors of poor outcome at 3 months (Table 3). The
mRS score distribution according to SV quartiles is shown in Fig. 2.
Table3 Multivariate logistic regression of risk factors for 3-month poor outcome.
Variable

3-month

β

OR（95% CI）

P value SV Successive Variation of systolic blood pressure;
SD Standard Deviation of systolic blood pressure

Age

0.038

1.038 (0.998-1.081)

0.064

1

With overall SV entered.

NIHSS on admission

0.187

1.206 (1.084-1.342)

0.001

2

With categorized SV entered

Atrial fibrillation

0.204

1.227 (0.278-5.403)

0.787

SV

0.167

1.182 (1.035-1.348)

0.013

SD

-0.048

0.954(0.780-1.166)

0.643

In the present study, higher systolic SV was associated
with poorer 3-month outcomes in patients with SIASO
who were treated with IVT. An increase in systolic SV
may thus predict a higher risk of poor outcome at 3
months (SV50%−75% [OR = 4.449, 95% CI = 1.231–

Model1

Model2
Age

0.033

1.033 (0.992-1.076)

0.114

NIHSS on admission

0.204

1.227 (1.099-1.369)

0.000

Atrial fibrillation

-0.007

0.993 (0.218-4.520)

0.993

SD

0.005

1.005 (0.855-1.1810)

0.951

SV (SV<25% as reference)

0.013

SV25%-50%

0.766

2.152 (0.650-7.128)

0.210

SV50%-75%

1.493

4.449 (1.231-16.075)

0.023

Discussion

16.075, p = 0.023], SV> 75% [OR = 8.676, 95% CI = 1.892–
39.775, p = 0.005]). However, there was no clear
relationship between systolic SV and END. Our findings
may help physicians to identify patients with a
relatively high risk of poor outcome at 3 months.

SV is an important index of BPV, and in our study it
was associated with 3-month outcomes in AIS patients
after IVT; this is consistent with the results of two
SV>75%
2.161
8.676 (1.892-39.775)
0.005
previous studies [17, 24]. A study by Mei Yong et al.
[24] in the European Cooperative Acute Stroke Study II
trial revealed that high SBP variability is associated with poor outcome. Furthermore, an analysis from the Third International
Stroke Trial (IST-3) reported an association between higher BPV and adverse events, the occurrence of symptomatic intracranial
hemorrhage, and poor 6-month outcomes [17]. However, none of these studies focused on patients with SIASO, and the IST-3
study only measured BP at three timepoints after IVT, while we measured BP hourly for at least 24 hours after IVT. Thus, the BPV
in our study was likely more accurate than in other studies that measured BP less frequently.
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The mechanism underlying the negative correlation between BPV and prognosis after IVT remains uncertain. Recent studies
have reported that many patients have autonomic dysfunction after ischemic stroke [25–27]. BP fluctuation is a manifestation
of autonomic dysfunction. During the early stage of ischemic stroke, a rapid increase in BP may cause intracranial pressure to
rise and edema or bleeding to occur at the infarction site, which can lead to death or poor functional outcome [28]. However, a
large decrease in BP may lead to low perfusion in the infarct area; this effect might be much clearer in AIS patients with largeartery stenosis because patients with SIASO are very sensitive to BP fluctuations, especially in the first few hours after AIS [28,
29].
Cerebral autoregulation (CA) is the ability of the brain to regulate its own blood supply, which maintains an adequate and stable
cerebral blood flow despite changes in cerebral perfusion pressure. However, CA is impaired after ischemic stroke, and this
autoregulation is damaged in patients with intracranial arterial stenosis; furthermore, patients with more severe stenosis tend to
have more severe dysautoregulation [30]. One study reported that CA impairment ipsilateral to the AIS is associated with a larger
infarction and poorer clinical outcome compared with patients with unimpaired CA ipsilateral to the AIS [30]. With CA
impairment, BP fluctuations have an important effect on cerebral blood flow. Moreover, when BPV increases to levels beyond the
regulation of CA, it can lead to hypoperfusion or hyperperfusion in the infarction area.
Ischemic stroke is a clinical syndrome with a varied pathogenesis, including aortic atherosclerosis, small arterial occlusion, and
cardiogenic embolism. BP fluctuations have different effects on ischemic stroke caused by different mechanisms [30]. In China,
33–55% of ischemic stroke is caused by intracranial arterial stenosis or occlusion [30], and the prognosis of patients with this
type of stroke is poorer than cerebral infarction with small vessel occlusion. BPV may be an indicator for risk stratification in this
group of patients. In the present study, high SV in the early stage after IVT among patients with SIASO increased the risk of poor
outcome at 3 months. This finding may help physicians to screen the most high-risk patients with poor prognosis from other
high-risk patients at the early stage of AIS, and thus provide more appropriate interventions. However, we did not find any
correlation between SV and END. Previous studies by other researchers have also failed to find a link between short-term
outcomes (2-week outcome and in-hospital outcome), during the acute phase of ischemic stroke, and BPV [11, 32, 33].
SV, SD, and CV are three different indexes of BPV. In our study, there was only a relationship between SV and the 3-month
outcome, while SD and CV were not associated with this outcome. Notably, SV is more commonly used in studies because it
better reflects the time-series variability of BP. In contrast, SD and CV ignore temporal changes in the data, which can result in the
same SD or CV in individuals with different clinical characteristics [34].
There were several strengths to our study. First, BPV was calculated by recording hourly BP within 24 hours after thrombolysis,
which was far more frequently than in other studies and led to more accurate BPV results [11, 14]. Second, to the best of our
knowledge, ours was one of the few studies to have focused on AIS patients after IVT and consider the effects of SAISO on
prognosis. However, there were also several limitations in our study. First, the sample size was relatively small. Second, our study
was a retrospective study. Third, magnetic resonance angiography was used to evaluate arterial stenosis in this study; however,
this method is not as accurate as digital subtraction angiography for evaluating arterial stenosis, and might overestimate SIASO.
Finally, intermittent cuff measurement was used to monitor BP in the present study, while continuous cuff monitoring or invasive
arterial BP are more accurate.

Conclusions
Systolic SV had a negative relationship with 3-month outcome in AIS patients with SIASO who were treated with IVT, which
indicates that BPV may affect the outcome of AIS. Further multi-center prospective studies with larger sample sizes are
warranted.
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Figures

Figure 1
Flowchart of the selection process. AIS Acute Ischemic Stroke, IVT Intravenous Thrombolysis, mRS modified Rankin Scale,
SIASO Symptomatic Intracranial Arterial Stenosis or Occlusion
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Figure 2
Modified Rankin Scale scores distribution according to quartiles of systolic SV
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