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Abstract

Blood pressure (BP) monitored within 24 h from the beginning of intravenous throm-

bolysis (IVT) with alteplase, is one of the important factors affecting the prognosis

of patients with acute ischemic stroke (AIS). This study aimed to explore longitudi-

nal BP trajectory patterns and determine their association with stroke prognosis after

thrombolysis. From November 2018 to September 2019, a total of 391 patients were

enrolled consecutively during the study period, and 353 patients were ultimately ana-

lyzed. Five systolic (SBP) and four diastolic blood pressure (DBP) trajectory subgroups

were identified. The regression analysis showed that when compared with the rapidly

moderate stable group, the continuous fluctuation-very high level SBP group (odds

ratio [OR]: 2.743, 95%confidence interval [CI]: 1.008–7.467)was associatedwith early

neurological deterioration (END). Both the rapid drop-high level SBP (OR: 0.448, 95%

CI: 0.219–0.919) and DBP groups (OR: 0.399, 95% CI: 0.219–0.727) were associated

with early neurological improvement (ENI). Moreover, there was a U-shaped corre-

lation between the OR value of SBP trajectory group and favorable outcome (the

modified Rankin Scale [mRS] score 0–2) at 3 months: the slow drop-low level SBP

group represent a well-established unfavorable outcome risk factor (OR:5.239, 95%

CI: 1.271–21.595), andextremely high SBP—the continuous fluctuation-very high level

SBP group, are equally associated with elevated unfavorable outcome risk (OR:3.797,

95% CI: 1.486–9.697). The continuous fluctuation-very high level DBP group was sta-

tistically significant in mRS (OR: 3.387, CI: 1.185–9.683). The BP trajectory groups

show varying clinical features and risk of neurological dysfunction. The findings may

help identify potential candidates for clinical BP monitoring, control, and specialized

care.
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1 INTRODUCTION

The clinical significance of monitoring and managing blood pressure

(BP) during intravenous thrombolytic (IVT) therapy for the preven-

tion of adverse prognosis in patients with acute ischemic stroke (AIS)

remains an area of active investigation. Several observational stud-

ies have found that approximately 75%–80% of patients have ele-

vated BP in response to stroke episodes,1,2 and a high BP during the

thrombolysis period is a risk factor for poor clinical outcomes, such

as poor rate of recanalization, intracerebral hemorrhage, and neuro-

logical dysfunction.3–5 Interventional studies that used antihyperten-

sive drugs to maintain BP within 141–150 mmHg or 130–140 mmHg

have not reached a consensus on whether this leads to an improved

prognosis.6,7 In order to determine the ideal therapy, it is still necessary

to accurately describe BP variations and their relationship with prog-

nosis in patients undergoing venous thrombolysis.

In comparison, much less is known about the importance of changes

in BP over time (ie, BP trajectories) in patients with AIS. A study on

this topic showed that different BP trends were associated with the

occurrence of cerebrovascular events.8,9 Unsupervised functional

principal components analysis was used to characterize SBP trajecto-

ries in patients with spontaneous intracerebral hemorrhage over first

24 h and their relationship to the unfavorable shift on modified Rankin

scale (mRS).10 Themethod used to analysis BP trajectory has gradually

received researchers’ attention and has a broad research prospect.

For BP monitoring during IVT, current guidelines only indicate that BP

should be maintained at < 180/105 mmHg within 24 h of treatment

onset, mainly to prevent serious complications, such as symptomatic

intracranial hemorrhage.11 Even if the ischemic penumbra is not

affected by changes in infarction or massive hemorrhage, a varying BP

trajectory causes unstable cerebral blood flow and cerebral perfusion

pressure fluctuations, which will also affect the long-term prognosis.

Moreover, it is unreasonable to use a single BP value, the average BP,

or BP variation-related indicators at a single time point to represent

the BP status within that time period. Studies describing the relation-

ship between BP trajectories and early stroke outcomes in patients

treated with IVT are lacking.

Hypertension is a heterogeneous condition in patientswith AIS, and

available data support the importance of both systolic (SBP) and dias-

tolic (DBP) BP monitoring. We designed our analysis using an unsu-

pervised cluster approach, group-based trajectory modeling(GBTM)

approach that may provide an alternative method for summarizing

long-term BP values accounting for the dynamic nature of BP over

time, to group similar longitudinal BP response patterns.We then eval-

uated the associations of these clusters, or most commonly BP param-

eters in similar articles, with neurological function changes and status

using a standard multivariate regression approach. Improved knowl-

edge of BP trajectories is critical in understanding the role of BP as a

risk factor for adverse outcomes.

WHAT IS ALREADYKNOWNABOUT THE TOPIC?

∙ Stroke guidelines indicate that monitoring BP within 24 h

from the beginning of IVT in patients with AIS is essential

due to the high incidence of complications.

∙ Several studies have shown that high SBP or DBP levels

are associated with the prognosis of patients with AIS,

such as changes in neurological function, hemorrhaging-

related complications, andmRS scores.

∙ Inmost similar studies, theBP values at a single time point,

its mean value, the variation coefficient, and other indica-

tors at multiple time points were used to describe BP and

to explore the correlation between BP and stroke progno-

sis.

WHATTHIS PAPERADDS

∙ According to BP data obtained at multiple time points in

patients with AIS treated using thrombolysis, the group-

based trajectory model can be used to assess patterns of

BP fluctuations.

∙ SBP and DBP showed different patterns as the time to

thrombolytic therapy increased.

∙ There were differences in clinical characteristics among

patients with different patterns of BP changes as well as

in the degree of correlation with stroke prognosis, which

was one of the independent influencing factors.

∙ Compared with these parameters, the BP values at a sin-

gle time point, its mean value, the variation coefficient,

and other indicators at multiple time points, which were

used to describe BP in similar articles, BP trajectories are

equally important values for predicting stroke prognosis.

2 METHODS

2.1 Study sample

We prospectively identified 353 consecutive patients between

November 2018 and September 2019 who were diagnosed with AIS

and subsequently treated with IVT using alteplase, a thrombolytic

medication, within 4.5 h after symptom onset and were then followed

up for 3 months at one comprehensive stroke center (Xuanwu Hos-

pital, Capital Medical University, Beijing, China). All patients were

evaluated according to the American Heart Association guidelines
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and 2018 American Stroke Association guidelines for enrollment and

contraindications before thrombolytic therapy was administered.

All enrolled patients received 10% of the total dose of alteplase

(Boehringer Ingelheim Pharma GmbH, Ingelheim, Germany), which

was calculated as 0.9mg/kg (maximum90mg), as an intravenous bolus,

with the remaining 90% given as an infusion over the course of 1 h.

Inclusion criteria were age ≥18 years, being treated with intravenous

alteplase according to clinical guidelines, and follow-up magnetic

resonance imaging (MRI) or computed tomography performed 24 h

after intravenous alteplase thrombolysis.10 Exclusion criteria were

receiving subsequent endovascular treatment combined with IVT,

no definitive evidence of focal hyperintensities in clinically relevant

areas on initial or follow-up diffusion weighted imaging, absence of

prognostic data, missing information in the data collection form, and

adverse post-discharge outcome caused by a non-stroke event, such as

a fall or a fracture.

2.2 Blood pressure measurement

BP measurements were made during the routine care of patients with

AIS.We used an electrocardiogrammonitor (Intelli VueMP70; Phillips

Healthcare, Franklin, TN) to measure BP with patients lying in the

supine position. All BP recordings and measurement time points were

collected and stored in the electronic health record systems of the par-

ticipating center. BPwasmonitored every 15min for 2 h from the start

of alteplase therapy, then every 30min for 6 h, and then every hour for

16h. PatientswithBPhigher than185/110mmHgbefore thrombolysis

therapy or higher than 180/105mmHgwithin 24 h from the beginning

of IVT were treated by intravenous pumping of urapidil or nicardip-

ine using the same protocol. In similar articles, we have seen that the

timepoints focuson the admission, immediate completionof thrombol-

ysis, 24 h, daytime and nightime in 24 h, and the most commonly used

parameters are average value (mean), maximum value (max), minimum

value (min), range (maximum–minimum), standard deviation (SD), and

successive coefficient of variation (SV).

2.3 Outcome measures

The primary functional outcome was the mRS score at 90 days after

stroke onset. Three months after the occurrence of ischemic stroke,

the neurological impairment caused by stroke can be basically termi-

nated. Walking function is the necessary function basis for patients to

carry out daily living activities, and the improvement of walking ability

in stroke patients is positively and linearly correlated with the future

quality of life. Since the mRS scale takes the walking ability as a clear

scoring standard, which was used the mRS score > 2 as the demarca-

tion value of disability, it is widely used in stroke-related studies and is

one of the gold standards for evaluating the independent living ability

of stroke patients. A favorable outcome was defined as an mRS score

of 0–2 points, whereas an unfavorable outcomewas defined as anmRS

score of 3–6 points.12

The secondary outcome events included early neurological deterio-

ration (END) and improvement (ENI). END was defined as an increase

in the National Institutes of Health stroke scale (NIHSS) score ≥4

points or as an increase ≥2 points in one sub-item that occurred at

24 h following alteplase infusion; these criteria were previously used

to define significant deterioration.13 ENI was defined as an improve-

ment in theNIHSS score≥8 points or as a 0 or 1 score at 24 h following

alteplase infusion.14

2.4 Covariates

Medical records were retrospectively reviewed by a nurse who was

blinded to patients’ outcomes and the following information was

retrieved: demographic data (sex, age), medical history (hypertension,

diabetes, coronary heart disease [CHD], atrial fibrillation, hyperlipi-

demia, stroke, transient ischemic attack [TIA], antiplatelets before

stroke, repetitive thrombolysis, and pre-stroke mRS score), vascular

risk factors defined by our research team (body mass index [BMI],

NIHSS score at admission [≤3 points was defined as mild stroke],15

gastric tube and catheterization after thrombolysis, pneumonia, using

intravenous antihypertensive drugs, TOAST classification16), labora-

tory values (18 parameters from routine blood, biochemical, and coag-

ulation tests), and characteristics of the thrombolytic procedure (onset

to treatment time [OTT], door-to-needle time [DNT]).

2.5 Ethics statement

The study protocol was approved by the Ethical Committee of Xuanwu

Hospital and conformed to the principles outlined in the Declara-

tion of Helsinki. Written informed consent was obtained from all

patients.

2.6 Group-based trajectory modeling

During the 24 h after thrombolysis, we adopted a group-based trajec-

tory modeling approach using the traj procedure in SAS (SAS Institute,

Cary, NC) to identify superior BP trajectories.17 Given the continuous

measurement of BP value that belongs to censored continuous data,

we used censored normal (CNORM) that is one of the three types of

distributions provided by GBMT for our analysis. In a trajectorymodel,

several regressionmodels are estimated simultaneously throughmaxi-

mization of a likelihood that combines the information from all models.

Specifically, basedon individuals’ BPpatterns over time, theprobability

of belonging to each potential BP group ismodeled as a simplemultino-

mial logistic regression. Each latent trajectory canbecharacterizedbya

starting value of impairment level (intercept) and possibly by a polyno-

mial function (linear, quadratic, cubic), thereby capturing the start level

and the shape of the BP course, respectively. For trajectories selection,

the choice of the number of groups and the shape of each group are

most important considerations. In our analysis, we first fit 2–6 group

http://sub-item
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F IGURE 1 Trajectory groups of 24-hour post-thrombolysis blood pressuremeasurement. (A) Systolic blood pressure trajectories. (B) Diastolic
blood pressure trajectories
A. Systolic blood pressure trajectories;
group 1− slow drop-low SBP group SBP=0.0007×t4-0.038×t3+0.690×t2-4.632×t+115.677
group 2− rapid drop-low SBP group SBP=0.0007×t4-0.039×t3+0.749×t2-5.822×t+136.173
group 3− rapid drop-medium SBP group SBP=0.0006×t4-0.033×t3+0.701×t2-5.849×t+151.043
group 4− rapid drop-high SBP group SBP=-0.004×t3+0.232×t2-3.639×t+165.549
group 5− continuous fluctuation-very high SBP group SBP=-0.005×t3+0.223×t2-2.773×t+174.543
B. Diastolic blood pressure trajectories.
group 1− rapid drop-lowDBP groupDBP=0.0004×t4-0.019×t3+0.379×t2-3.199×t+72.943
group 2− slow drop-mediumDBP groupDBP=0.0003×t4-0.015×t3+0.326×t2-2.759×t+80.997
group 3− rapid drop-high DBP groupDBP=-0.003×t3+0.173×t2-2.545×t+92.696
group 4− continuous fluctuation-very high DBP groupDBP=0.0005×t4-0.031×t3+0.601×t2-4.175×t+103.607

trajectories with all groups set to a polynomial function and then

determination according to several statistical criteria and model-fit

indices described in below: ① Akaike’s Information Criterion(AIC),

Bayesian Information Criterion (BIC) were compared between differ-

ent models. Smaller values of AIC and BIC denote better fit models. ②

A minimum sample size in each group set at 5.0%. ③ Estimated prob-

ability of group membership for each trajectory group. The average of

the posterior probability of group membership for each group should

be greater than 0.7.

2.7 Statistical analysis

Continuous data were reported as means ± standard deviation and

were analyzed using one-wayANOVAorKruskal-Wallis tests as appro-

priate. Categorical data were presented as frequency and percentages

and were analyzed using the chi-square test. Logistic regression analy-

sis and areaunder the curve (AUC)wereused todetermine the associa-

tion between neurological damage and different BP trajectory groups,

previous BP parameters. The strengths of the associations were deter-

mined by estimating the odds ratios (OR) and their 95% confidence

interval (CI). To detect changes in associations between outcome and

main exposures, the following multivariate logistic models were con-

structed: model 1 = no covariates; model 2 = statistical demographic

indicators; model 3 = model 2 + all statistical indicators (p < .1). All

statistical tests were two-sided, and statistical significancewas consid-

ered at p < .05. Statistical analyses were performed using SPSS v.22.0

(SPSS Inc., Chicago, IL).

3 RESULTS

During the 11-month study period, 353 out of 391 patients met the

study criteria and were enrolled in the study. Among the 12 patients

with missing data, 1 patient was discharged from the hospital with the

main diagnosis other than ischemic stroke, and 25 patients were lost

to follow-up. Among the included patients, 257 (72.8%) were male, 96

(27.2%) were female, and themean agewas 62.49±11.79 years.

3.1 Trajectory groups based on systolic blood
pressure

Five groups were identified based on the SBP trajectory during the

first 24 h after the beginning of IVT (Figure 1A). The groups describe

the BP level and trend: group 1 (slow drop-low SBP group, 102–

114 mmHg, n = 22, 6.2%); group 2 (rapid drop-low SBP group, 120–

128 mmHg, n = 76, 21.8%); group 3 (rapid drop-medium SBP group,

134–143mmHg, n= 124, 34.8%); group 4 (rapid drop-high SBP group,

150–157 mmHg, n = 84, 24.0%); and group 5 (continuous fluctuation-

very high SBP group, 162–173 mmHg, n = 47, 13.2%). In group 1, BP

was relatively low with the highest point being below normal, and it
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fluctuated widely during the first 3 h. Groups 2, 3, and 4 showed sta-

ble BP after a rapid and steady decline within 1.5–2 h, whereas groups

2 and 3 had normal to high BP; the BP in group 4 remained stable at

about 150 mmHg. In group 5, BP declined rapidly and steadily for the

first 1.5 to 2 h, followed bywavy fluctuations.

Patients in these five SBP trajectory groups had distinct clinical

profiles and laboratory results (Tables 1–2). Patients in group 1 were

significantly younger by about 10 years on average and had a lower

prevalence of hypertension and diabetes by 23.4%–57.1% and 11.6%–

30.7%, lower than the other groups, respectively. Patients with high

BP were more likely to have chronic diseases; those in groups 4 and 5

had high BP and a high prevalence of both intravenous antihyperten-

sive treatment and large artery atherosclerosis TOAST subtype. Blood

glucose, glycosylatedhemoglobin, anderythrocyte sedimentation ratio

showed an increasing trend from group 1 to 5, whereas triglycerides

and total cholesterol levels showed a “W” and “V” pattern, respec-

tively. Both the international normalized ratio and prothrombin time

decreased from group 1 to 5. The maximum or minimum values gener-

ally appeared in group 5.

3.2 Trajectory groups based on diastolic blood
pressure

Four groups were identified based on the DBP trajectory (Figure 1B).

Group 1 (rapid drop-low DBP group, 62–69 mmHg, n = 67, 19.3%);

group2 (slowdrop-mediumDBPgroup, 72–78mmHg, n=145, 40.8%);

group 3 (rapid drop-high DBP group, 82–88 mmHg, n = 112, 31.9%);

group 4 (continuous fluctuation-very high DBP group, 92–101 mmHg,

n = 29, 8.0%). The only difference between groups 1–3 was the DBP

level reached after the BP dropped.

Patients in these four DBP trajectory groups had distinct clinical

profiles and laboratory results (Tables 1–2). Group 4 had a higher

proportion of coronary heart disease, pneumonia, and catheter inser-

tion; higher NIHSS score at admission; and a greater likelihood of dis-

ease changes. The prevalence of drinking and repetitive thromboly-

sis decreased linearly among the four groups. White blood cell count,

blood glucose, and total cholesterol levels increased from group 1 to

4, whereas the platelet count showed an inverted “U” shape. High-

sensitivity C-reactive protein levels increased linearly in groups 1 to 3,

whereas the values in group 4 decreased slightly.

The trend of the graph in Figure 2 and 3, which are drawn by calcu-

lating the average 24-hour blood pressure of each track group, is simi-

lar to the result after applying GBT grouping.

3.3 Trajectory groups and stroke outcomes

After IVT, there were 67 (19.0%) cases of END, 131 (37.1%) cases of

ENI, and 242 (68.6%) patients with an mRS score 0–2 at the 3-month

follow-up. To examine the association between BP trajectory groups

and outcomes, the groups were included as independent variables in

a logistic regression model, and the moderate stable BP trajectory

groups (SBP: group 3; DBP: group 4) were considered as the control

groups (Table 3). Group 5 had a significantly increased risk of END (OR:

2.743, CI: 1.008–7.467) and the group 4 pattern was inversely asso-

ciated with ENI (OR: 0.448, CI: 0.219–0.919). It is worth noting that

there was a U-shaped correlation between SBP trajectories and the

mRS score at 90 days (low SBP: [OR: 5.239, CI: 1.271–21.595]; fluctu-

ating high SBP: [OR: 3.797, CI: 1.486–9.697]). The rapid drop-high level

DBP group was inversely associated with ENI (OR: 0.399, CI: 0.219-

0.727) and group 4 showed an association with unfavorable outcome

(OR: 3.387, CI: 1.185–9.683).

3.4 Previous BP parameters and stroke outcomes

Blood pressure variability and stroke outcome in acute stroke patients,

whether in patients with internal carotid artery occlusion or endovas-

cular thrombectomy,whichhad shown thatmaximumvalues,max–min,

SD and SV of systolic or diastolic BP resulted significantly higher in

patients with poor outcome compared to those with good outcome

after adjusting for potential confounders.18,19 More parameters used

to describe BP showed an association with END than ENI or MRS

scores, which is one of the more important predictors of the risk of

END. Moreover, the OR value of SBP or DBP on admission or immedi-

ate completion of thrombolysis was shown to be one of the better pre-

dictors of END than BP trajectory. Secondly, regardless of any param-

eter used to describe BP within 24 h, the diagnostic value of END was

low(0.5 < AUC < 0.7). In the case of ENI, only BP trajectory and 24-h

SBP related indicators showed statistically significant correlation with

ENI (p< .05). At the same time, the diagnostic value of SBP trajectory is

not inferior to other BP parameters. With regard to the 3-month MRS

score, only BP trajectory showed a strong correlationwith it. Other BP

parameters could not beused as an indicator to predict the stroke func-

tional status after 3 months; however, the mean and maximum values

at any time point were more valuable for its diagnosis (Tables 4–5). In

conclusion, BP trajectory, as one of the main indicators for predicting

and diagnosing the stroke outcome, is of equal significance compared

with previous BP parameters.

4 DISCUSSION

Five SBP and fourDBP trajectory subgroupswere identified in the first

24 h after initiating IVT using the group-based trajectory model. In

these groups, BP was classified according to its level as low, medium,

andhigh and according to its changes as slowdecline, rapid decline, and

persistent fluctuation. Each trajectory grouphaddifferent clinical char-

acteristics, which were correlated with END, ENI, and mRS scores at

3 months. The continuous fluctuation-very high SBP/DBP groups had

the highest risk of having adverse eventswithin 3months.More impor-

tantly, themean BP in these groupswas similar, but they differed in the

post-stroke prognosis.

The mechanisms for acute BP response after stroke differ. The

sensitivity of vascular baroreceptors decreased, and the ischemic
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F IGURE 2 Original longitudinal SBP change.
Abbreviation: SBP, systolic blood pressure.

F IGURE 3 Original longitudinal DBP change
Abbreviation: DBP, diastolic blood pressure.

penumbra partially or completely lost its ability to regulate the reflex

autonomic modulation. The improvement of perfusion pressure was

directly related to systemic BP. In addition, Increased intracranial pres-

sure, elevated concentrations of circulating plasma catecholamine and

inflammatory cytokine, stress from critical illness and hospitalization,

unrecognized or uncontrolled pre-existing hypertension, the Cushing

phenomenon, dehydration, pain or discomfort, nausea, and hypoxia are

the potential pathogeneses or critical influences that contribute to the

acute BP change in patients with AIS.20,21 Then, persistent lower BP

level, insufficient blood oxygen supply to brain tissue, increased mito-

chondrial permeability and overexpression of inducible aquaporinmay

aggravate cerebral edema. Persistent higher BP level, the pressure
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TABLE 4 Results of the association between previous BP parameters and stroke outcomes

Early neurological deterioration Early neurological improvement Modified Rankin scale score (3–6)

Variables OR 95%CI p OR 95%CI p OR 95%CI p

SBP on admission 5.018 1.183,21.282 .029 0.197 0.023,1.660 .135 4.016 0.912,17.676 .066

DBP on admission 4.691 1.106,19.886 .036 0.230 0.028,1.894 .172 3.605 0.825,15.760 .088

Immediate SBP after thrombolysis 4.851 1.137,20.695 .033 0.227 0.394,1.109 .168 3.700 0.855,16.003 .080

Immediate DBP after thrombolysis 4.918 1.158,20.885 .031 0.215 0.026,1.791 .155 4.035 0.901,18.063 .068

24h SBP

mean 1.021 1.002,1.040 .033 0.979 0.962,0.996 .017 1.013 0.991,1.035 .247

max 1.021 1.002,1.041 .031 0.983 0.969,0.996 .013 1.010 0.993,1.027 .256

min 1.028 1.004,1.052 .021 0.977 0.959,0.995 .015 1.011 0.989,1.034 .338

range 1.003 0.978,1.027 .834 0.990 0.971,1.009 .314 1.006 0.984,1.027 .611

SD 1.077 1.003,1.157 .040 0.934 0.882,0.988 .017 1.043 0.972,1.119 .238

SV 0.998 0.686,1.452 .992 0.747 0.555,1.005 .054 1.205 0.871,1.667 .261

24hDBP

mean 1.019 0.987,1.052 .255 0.971 0.936,1.006 .104 1.029 0.990,1.070 .149

max 1.017 0.986,1.048 .283 0.987 0.962,1.013 .313 1.020 0.993,1.048 .152

min 1.022 0.980,1.066 .315 0.980 0.950,1.012 .218 0.996 0.962,1.030 .794

range 1.004 0.975,1.034 .801 1.000 0.976,1.024 .987 1.021 0.994,1.047 .123

SD 1.051 0.915,1.206 .484 0.907 0.808,1.019 .101 1.101 0.972,1.248 .130

SV 1.036 0.694,1.546 .864 1.088 0.789,1.502 .606 1.226 0.867,1.733 .249

SBP in daytime

mean 1.015 0.997,1.035 .108 0.986 0.966,1.005 .154 1.012 0.990,1.034 .299

max 1.021 1.001,1.040 .036 0.991 0.975,1.008 .295 1.014 0.995,1.033 .148

min 1.024 1.002,1.046 .032 0.985 0.967,1.004 .129 1.010 0.990,1.031 .333

range 1.004 0.979,1.029 .770 1.004 0.983,1.025 .727 1.008 0.986,1.031 .461

SD 1.005 0.920,1.097 .912 0.999 0.927,1.076 .974 1.055 0.976,1.140 .181

SV 1.002 0.920,1.092 .958 0.976 0.913,1.043 .477 1.017 0.945,1.094 .655

DBP in daytime

mean 1.018 0.988,1.049 .239 0.969 0.937,1.002 .065 1.022 0.985,1.059 .247

max 0.998 0.965,1.032 .909 0.983 0.957,1.010 .221 1.012 0.983,1.042 .419

min 1.020 0.982,1.059 .313 0.980 0.952,1.010 .188 0.999 0.968,1.032 .966

range 0.977 0.938,1.018 .270 1.000 0.973,1.028 .983 1.013 0.983,1.043 .401

SD 0.949 0.826,1.089 .455 0.970 0.873,1.078 .575 1.075 0.963,1.200 .199

SV 0.993 0.906,1.090 .889 0.963 0.887,1.045 .368 1.052 0.971,1.140 .216

SBP in nightime

mean 0.999 0.947,1.054 .976 0.896 0.759,1.058 .196 1.100 0.925,1.307 .280

max 1.073 0.883,1.304 .481 0.896 0.758,1.059 .198 1.099 0.925,1.305 .285

min 1.101 0.909,1.332 .326 0.888 0.753,1.047 .158 1.117 0.944,1.323 .198

range 1.122 0.932,1.352 .225 0.869 0.736,1.026 .098 1.115 0.942,1.320 .204

SD 1.128 0.938,1.357 .201 0.869 0.736,1.026 .097 1.117 0.945,1.321 .195

SV 1.130 0.939,1.361 .195 0.871 0.738,1.029 .104 1.112 0.940,1.316 .214

DBP in nightime

mean 1.137 0.945,1.367 .173 0.880 0.745,1.039 .133 1.125 0.952,1.330 .166

max 1.119 0.928,1.349 .239 0.879 0.744,1.040 .133 1.113 0.940,1.319 .214

min 1.134 0.943,1.364 .180 0.871 0.736,1.029 .104 1.098 0.932,1.293 .264

range 1.132 0.940,1.362 .191 0.869 0.736,1.025 .096 1.121 0.948,1.326 .181

SD 1.132 0.940,1.362 .191 0.869 0.736,1.026 .098 1.120 0.947,1.325 .187

SV 1.130 0.938,1.360 .199 0.867 0.734,1.023 .092 1.125 0.951,1.332 .170
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TABLE 5 AUC of the association between BP parameters and stroke outcomes

early neurological deterioration early neurological improvement modified Rankin scale score (3-6)
variables AUC 95%CI p AUC 95%CI p AUC 95%CI p

SBP on admission 0.582 0.529,0.634 .039 0.612 0.559,0.663 <.001 0.593 0.540,0.645 .004

DBP on admission 0.612 0.559,0.663 .005 0.571 0.518,0.624 .022 0.654 0.601,0.703 <.001

Immediate SBP after thrombolysis 0.586 0.533,0.638 .038 0.586 0.532,0.638 .006 0.575 0.521,0.627 .019

Immediate DBP after thrombolysis 0.580 0.527,0.632 .051 0.567 0.513,0.619 .035 0.633 0.580,0.683 <.001

24h SBP

mean 0.602 0.549,0.654 .010 0.623 0.570,0.674 <.001 0.608 0.554,0.659 .001

max 0.603 0.550,0.654 .007 0.636 0.584,0.686 <.001 0.592 0.538,0.643 .005

min 0.600 0.547,0.652 .013 0.614 0.561,0.665 <.001 0.577 0.524,0.629 .023

Range 0.536 0.483,0.589 .367 0.569 0.516,0.621 .028 0.559 0.505,0.611 .071

SD 0.603 0.550,0.654 .009 0.623 0.570,0.674 <.001 0.608 0.554,0.659 .001

SV 0.541 0.487,0.594 .301 0.571 0.517,0.623 .024 0.565 0.511,0.617 .051

24hDBP

mean 0.588 0.534,0.639 .032 0.576 0.522,0.628 .015 0.620 0.567,0.670 <.001

max 0.583 0.529,0.635 .048 0.565 0.511,0.617 .035 0.605 0.552,0.657 .002

min 0.586 0.533,0.638 .039 0.565 0.512,0.618 .036 0.591 0.538,0.643 .005

range 0.528 0.474,0.581 .502 0.528 0.474,0.581 .376 0.563 0.509,0.615 .068

SD 0.588 0.535,0.640 .031 0.576 0.522,0.628 .014 0.621 0.568,0.672 <.001

SV 0.524 0.470,0.577 .564 0.505 0.451,0.558 .883 0.546 0.493,0.599 .178

SBP in daytime

mean 0.586 0.533,0.638 .029 0.607 0.554,0.659 <.001 0.604 0.551,0.656 .002

max 0.591 0.538,0.643 .025 0.603 0.550,0.655 <.001 0.606 0.552,0.657 .001

min 0.610 0.557,0.661 .006 0.608 0.555,0.660 <.001 0.592 0.539,0.644 .005

range 0.518 0.464,0.571 .669 0.508 0.455,0.562 .792 0.552 0.498,0.605 .130

SD 0.509 0.455,0.562 .832 0.525 0.472,0.578 .427 0.563 0.510,0.616 .062

SV 0.511 0.458,0.564 .781 0.523 0.470,0.576 .468 0.551 0.497,0.603 .127

DBP in daytime

mean 0.582 0.529,0.634 .048 0.573 0.520,0.626 .019 0.601 0.548,0.653 .002

max 0.564 0.510,0.616 .116 0.556 0.502,0.608 .074 0.586 0.533,0.638 .009

min 0.579 0.525,0.631 .058 0.570 0.517,0.623 .023 0.578 0.525,0.630 .018

range 0.506 0.452,0.559 .893 0.506 0.452,0.559 .854 0.525 0.471,0.578 .467

SD 0.507 0.453,0.560 .873 0.525 0.472,0.578 .428 0.545 0.492,0.598 .192

SV 0.525 0.472,0.578 .426 0.525 0.472,0.578 .426 0.543 0.489,0.596 .220

SBP in nightime

mean 0.612 0.559,0.663 .004 0.626 0.573,0.677 <.001 0.597 0.543,0.648 .004

max 0.628 0.576, 0.679 .001 0.630 0.577,0.681 <.001 0.599 0.546,0.651 .003

min 0.576 0.523,0.628 .057 0.615 0.562,0.666 <.001 0.572 0.518,0.624 .033

range 0.622 0.569,0.673 .002 0.543 0.490,0.596 .172 0.565 0.512,0.617 .053

SD 0.624 0.571,0.675 .002 0.555 0.501,0.608 .082 0.566 0.512,0.618 .054

SV 0.592 0.539,0.644 .019 0.550 0.496,0.602 .114 0.571 0.518,0.624 .032

DBP in nightime

mean 0.561 0.507,0.613 .132 0.556 0.503,0.609 .073 0.595 0.541,0.646 .004

max 0.583 0.529,0.635 .043 0.548 0.495,0.601 0.123 .586 0.533,0.638 .010

min 0.610 0.557,0.661 .005 0.531 0.478,0.584 .322 0.587 0.534,0.639 .007

range 0.524 0.470,0.577 .563 0.518 0.464,0.571 .573 0.526 0.473,0.580 .433

SD 0.536 0.482,0.589 .382 0.527 0.473,0.580 .404 0.536 0.483,0.589 .285

SV 0.537 0.483,0.590 .357 0.523 0.470,0.576 .458 0.522 0.469,0.576 .502

SBP trajectory 0.606 0.553,0.657 .007 0.624 0.571,0.674 <.001 0.596 0.543,0.648 .004

DBP trajectory 0.566 0.513,0.618 .092 0.566 0.513,0.618 .002 0.585 0.532,0.637 .010
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difference between the cerebrovascular andbrain interstitium, and the

cracks in the vessel wall increases risk of brain edema and bleeding.

As one of the common and interventionable indicators, BP is one of

the main indicators with strong operability and practicability in clin-

ical nursing work. By monitoring a patient’s BP and its fluctuations

over time, known as BP variability, more and better information can be

obtained for observation.

Each indicator described BP, either the traditional method or the

group-based trajectory modeling, has its own advantages and limita-

tions when considering the availability of appropriate data, ease of

analysis, association with longer-term clinical outcomes. Of course, all

reduce the dynamic and longitudinal nature of BP into measurements

that can be assessed cross-sectionally at a single time point, which can

lead to missed opportunities to understand BP course and potentially

even misleading conclusions under certain circumstances. Emerging

approach, group-based Trajectory Modeling, which is to longitudinally

measure BP provide nuanced assessments that reveal unique insights

into different BP changes at different time points over an individuals’

treatment. This method help meet the needs of the current scientific

agenda forBP changes and reveal important opportunities for develop-

ing more tailored interventions that target the varied care challenges

patientsmay face over the intravenous thrombolysis within 24 h. How-

ever, thismethod indicated that outcomesmust be relatively complete,

and trajectory grouping and course are not fixed because of basing on

the best fit to the observed data, not actually an innate characteristic.

BP in SBP group 1 fluctuated only within 3 h of admission. Con-

sidering that these patients were younger and had fewer chronic dis-

eases, we believe that they were more affected by psychological fac-

tors, such as nervousness, fear of disease progression, side effects, and

drug-related complications. SBP group 5 had a higher NIHSS score at

admission, indicating a greater influence of disease status. Meanwhile,

with the highest proportion of intravenous use of antihypertensive

drugs, patients in group 5 showed BP levels > 185/110 mmHg during

admissionand thrombolysis,which is likely to result in unstableBPover

the 24-h period. Changes in other groups suggested that although the

blood pressure was high at admission, it was safe to reduce it quickly

and steadily to about 160 mmHg later and to subsequently stabilize it.

Therefore, it is particularly important to monitor BP at multiple time

points in the acute phase, and clinicians can more intuitively grasp the

changes in patients’ condition according to the trajectorymap.

Our study both confirms and expands on the findings of previ-

ous BP studies. First, a high BP level was prevalent in patients with

AIS. Harper and coworkers1 found that 69.3%–82% of patients had

BP>140/90mmHgand less than5%of patients had aBP<120mmHg

in the acute stage. In our study, 72% of patients had a higher-than-

normal BP, and 6.2% of patients had a BP < 120 mmHg. Second, most

patients’ BP levels gradually declined and stabilized over time within

the acute phase and were associated with neurological deficits. The

decrease in BP is faster within the first 8 h and lasts up to 36 h. Gill and

coworkers22 found that an SBP decrease of 10 mmHgwas related to a

decrease of 0.51 points in the NIHSS scores. Zhang and coworkers23

and Tsou and coworkers24 et showed that SBP ≥160 mmHg or an

increase of 15 mmHg could predict the risk of neurological deteriora-

tion. Leonardi-Bee and coworkers25 also found that the relationship

between SBP and the 14-day mortality rate and 6-month mortality

or disability rate was U-shaped rather than linear. The study showed

that the risk of adverse prognosis increased by 5% for every 1-mmHg

increase up to 90 mmHg. Third, current research on the association

between BP and prognosis mainly focuses on data from single mea-

surements, multiplemeasurements in a short time, or 24-h ambulatory

blood pressuremeasurements. Current BP reportingmethodsmay not

adequately reflect individuals’ accurate BP levels. Group-based tra-

jectory modeling considers BP variations over time and the hetero-

geneity within multiple BP measurements, thus providing an effective

approach to describe the relationship between BP changes and stroke

outcomes.26,27

Our study had several limitations that should be acknowledged.

First, the participants were recruited only from one hospital; our find-

ings should be verified in other cohorts to determine generalizability

to other ethnicities and populations with different backgrounds. Sec-

ond, identifying stroke outcomes based on more objective indicators,

such as imaging findings, is more accurate. Third, due to the observa-

tional study design, although BP management was carried out accord-

ing to guidelines, how long and how much the individual patients’ BP

was controlled was left at the discretion of primary stroke physicians;

future studies should aim to standardize this management.

5 CONCLUSION

Trajectory analysis models showed that the 24-h changes in BP in

patients with AIS treated with alteplase can reflect the dynamic

changes in BP over time. BP may effectively be grouped according to

distinct trajectory patterns, which have differential clinical character-

istics and risk of subsequent early neurological improvement or dete-

rioration as well as different associations with mRS score at 3 months.

Being classified into the continuous low SBP (102–114mmHg), fluctu-

ating high SBP/DBP (162–173/92–101 mmHg), or rapidly high stable

SBP/DBP (150–157/82–88 mmHg) groups was an independent pre-

dictor of adverse events. The clinical significance of this study is that

our findings may help identify patients at a high risk of future vascular

events and those requiring intervention.
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