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Background and Purpose: Elevated heart rate (HR) after mechanical thrombectomy (MT) was associated with an increased risk of 
adverse outcomes. However, optimal HR management after MT remains unclear. This study aimed to identify patient subgroups with 
distinct HR trajectories after MT and explore their association with outcomes.
Methods: Acute ischemic stroke patients undergoing MT therapy were prospectively recruited from July 2020 to December 2022. 
Their heart rate indicators were collected every hour for 72 hours after MT procedure. Latent variable mixture modeling was used to 
separate subjects into five groups with distinct HR trajectories. The primary outcome was poor functional outcome (mRS score >2) at 
3 months. Additional outcome was all-cause mortality (mRS score = 6) at 3 months.
Results: A total of 224 patients with large vessel occlusion were enrolled, with a mean age of 65.2+14.0 years. Eighty-seven patients had 
a good functional outcome, and 137 patients had a poor functional outcome. Five distinct HR trajectories were observed: low (19.2%), 
moderate (33.0%), rapidly stabilized HR group (20.5%), persistently high HR group (21.0%), and very high HR group (6.3%). After adjusting 
for potential confounders, the HR trajectory group was independently associated with poor functional outcome at 3 months (P for interaction = 
0.022). The risk of having poor functional outcome was increased in the rapidly stabilized HR group (odds ratio, 3.18 [95% confidence 
interval, 1.10–9.19]), the persistently high HR group (odds ratio, 5.55 [95% confidence interval, 1.72–17.87]) and very high HR group (odds 
ratio, 18.32 [95% confidence interval, 2.20–95.52]) but not in the moderate group (odds ratio, 1.50 [95% confidence interval, 0.61–3.69]), 
when compared with the low HR group. No significant association was found between trajectory group and 3-month all-cause mortality.
Conclusion: HR during the first 72 hours after MT may be categorized into distinct trajectory groups, which differ in relation to poor 
functional outcome event risks. The findings may help to recognize potential candidates for future HR control trials.
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Introduction
Cardioembolic stroke and atherothrombotic stroke are the subtypes of ischemic infarct with the highest in-hospital mortality.1 

Autonomic nervous function is often impaired during a stroke, particularly in a stroke with massive infarct, and associated 
with worsening of functional outcome and increased risk of mortality.2,3 Heart rate (HR) represents the balance between the 
sympathetic and parasympathetic nervous systems, can reflect the overall stress acting on the body, and is easy to record.4–6 

Many studies have showed that admission heart rate was associated with functional outcomes after ischemic stroke onset.7,8 

Furthermore, other studies also provided the evidence that the mean HR was related to worse prognosis.9,10 HR variability 
could predict the risk of presence of myocardial ischemia in patients without known coronary artery disease or poor outcome 
in those with cardiovascular disease.11,12 However, these indicators do not show the direction and magnitude of HR changes. 
HR trajectory is a dynamic index that shows the change in HR over time, which has a lot of potential.
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In recent years, the incidence of acute ischemic stroke with large vessel occlusion (LVO) has increased 
significantly.13,14 Mechanical thrombectomy (MT) has gradually changed the post-stroke treatment means. In 
recent years, it remained unclear what treatment would be used for patients with acute ischemic stroke (AIS) 
presenting with low National Institutes of Health Stroke Scale (NIHSS) or presenting with distal vessel 
occlusions.15,16 Several risk factors, such as the age, stroke severity, timing recanalization, the collateral status, 
blood pressure or blood pressure variability, etc., are known to have an adverse effect on their outcome.17–20 

However, evidence on the impact of HR trajectory, as direct indicators of autonomic nervous system dysfunction, 
on the outcome in patients with large vessel strokes has remained unclear.

The purpose of this study was to explore the association between HRtrajectories within 72 hours after MT therapy 
and 3-month poor outcome (all-cause mortality and functional outcome).

Methods
Study Population and Setting
We prospectively analyzed data of AIS patients with large cerebral artery occlusion who underwent MT therapy in the Second 
Affiliated Hospital of Soochow University from July 2020 to December 2022. The exclusion criteria are as follows: (1) without 
the complete 72 hours heart rate records or baseline information, (2) patients died within 72 hours after MT procedure, (3) known 
prestroke mRS >1, (4) intracranial hemorrhage or arteriovenous malformations were confirmed by CT, (5) terminal medical 
diagnoses such as a stage IV cancer, (6) the ASPECT score obtained by preoperative CT is less than 6 points or (7) 3-month 
follow-up data is missing. All methods were carried out in accordance with relevant guidelines and regulations. After excluding 75 
patients who were lost to follow-up or with incomplete baseline information or 72 hours heart rate records, 224 patients were 
entered into the final analysis of this study.

Data Collection and Assessment of Heart Rate Measures
Baseline information included demographic information, medical history, clinical features, time from onset to admission time, 
puncture to reperfusion time, onset to reperfusion time and imaging features. Medical history included history of hypertension, 
diabetes mellitus, prior stroke, prior coronary heart disease, atrial fibrillation, current smoking, drinking, β blocker use during the 
first 72 hours after MT. Clinical features included blood pressure and heart rate profile on admission, baseline NIHSS score, low- 
density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and tPA administered. Imaging features 
included the site of the occluded brain artery (ICA with or without MCA/ACA), isolated MCA or ACA, and vertebrobasilar or 
other locations, the collateral status before procedure and reperfusion status after procedure. Collateral status was assessed using 
the American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology (ASITN/SIR) 
grading by DSA.21 The etiologic subtypes of stroke were defined according to the Trial of ORG 10172 in acute stroke treatment 
(TOAST).22 The cerebral tissue reperfusion was evaluated by modified Thrombolysis in Cerebral Infarction (mTICI) scale and 
classified as no perfusion (grade 0), minimal perfusion (Grade 1), partial perfusion (Grade 2: a<2⁄3 of the entire vascular territory; 
b complete filling but slowly) and complete perfusion. The state of grade 2b/3 was generally regarded as successful reperfusion.23

Outcome Assessment
Follow-up was conducted by trained neurologists who had no knowledge of the patient’s baseline information through 
telephone or face-to-face visit. The primary outcome was poor functional outcome (mRS score >2) at 3 months. 
Additional outcome was all-cause mortality (mRS score = 6) at 3 months.

Trajectory Group Modeling
We adopted a group-based trajectory modeling approach using the TRAJ procedure in SAS software to identify HR 
trajectories during the first 72 hours after admission.24 This is a specialized form of finite mixture modeling, and the 
longitudinal HR data were fitted by a maximum likelihood method as a mixture of multiple latent trajectories in 
a censored normal model with a polynomial function of time. We used the Bayesian Information Criterion to determine 
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the optimal number of strata and the highest significant order of individual trajectory groups through the modeling 
process. We assign a descriptive label to each group based on the visual pattern of HR over time.

Statistical Analysis
Continuous variables were appropriately expressed as means with standard deviation (SD) or medians with interquartile range 
(IQR) and were analyzed by 1-way ANOVA or Kruskal–Wallis test according to their normality of distribution. Categorical 
variables were presented as proportions and analyzed by the χ2 or Fisher exact tests. Binary logistic regression was used to 
estimate the risk of poor prognosis. Odds ratios (OR) and 95% confidence intervals (CI) were calculated for each group. Cox 
proportional hazards regression was used to analyze all-cause mortality. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were calculated for each group. The effects of HR trajectory on mRS shift were analyzed using multivariable ordinal 
logistic regression model adjusted for the same variables as for the mortality analyses. Two-sided P values of 0.05 were 
considered statistically significant. All statistics were conducted with SAS 9.4 software (SAS Institute Inc., Cary, NC). Figures 
were drawn by R software (R Development Core Team 2014, www.r-project.org).

Results
A total of 224 LVO patients were finally included with the mean age of 65.2+14.0 years old. One hundred and thirty- 
seven (61.2%) patients had a poor functional outcome and 31 (13.8%) patients died at 3 months (Figure 1). The main 
causes of death were postoperative cerebral edema, cerebral hemorrhage and pulmonary infection caused by massive 
infarction. Among them, 42.9% were women, and median National Institutes of Health stroke scale score at arrival was 
16 (13–19). Successful recanalization of large vessel occlusion was achieved in 194 patients (Table 1).

Trajectory Groups Based on HR
During the First 72 Hours
The study subjects were classified into 5 groups based on his/her HR trajectory during the first 72 hours after MT as 
follows (Figure 2): group 1 (a low HR group, 19.2%) indicates those who had lower-than-average HR profiles; group 2 (a 
moderate HR group, 33.0%) had stable HR measurements around 70 to 80 beats per minute; group 3 (a rapidly stabilized 
HR group, 20.5%) had moderate HR at initial presentation but gradually decreased over a few hours thereafter; group 4 
(a persistently highHR group, 21.0%) represents patients having HR levels around 90 to 100 beats per minute; and group 
5 (a very high HR group, 6.3%) represents patients having very high HR levels during the first 72 hours after MT.

Patients in these 5 HR trajectory groups had distinct clinical profiles (Table 1). The low HR group had lowest proportion of 
female (27.9%), lowest admission HR level (68.6 ± 14.5), admission glucose level and admission NIHSS score. This group 
had the highest proportion of cardioembolic stroke (30.2%) and lowest proportion of β blocker use (4.7%). The moderate HR 
group had lowest proportion of prevalence of atrial fibrillation (27.0%) and lowest admission DBP level.

Trajectory Groups and Outcome Events
In Table 2, HR trajectory groups during the first 72 hours of admission showed differential associations with poor functional 
outcome (mRS >2) in MT-treated acute ischemic stroke patients. The association between trajectory groups and poor functional 
outcome was statistically significant (P for interaction = 0.009). After adjusting for covariates, the associations still exist in Model 
2 (P for interaction = 0.047) and Model 3 (P for interaction = 0.022). The risk of having poor functional outcome was increased in 
the rapidly stabilized HR group (odds ratio, 3.18 [95% confidence interval, 1.10–9.19]), the persistently high HR group (odds 
ratio, 5.55 [95% confidence interval, 1.72–17.87]) and very high HR group (odds ratio, 18.32 [95% confidence interval, 2.20– 

Figure 1 Functional outcomes at 90 days among all patients.
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Table 1 Baseline Characteristics of Mechanical Thrombectomy Treated Acute Ischemic Stroke Patients

Entire Cohort (n=224) Group 1 (n=43) Group 2 (n=74) Group 3 (n=46) Group 4 (n=47) Group 5 (n=14) P value

Age, y; mean (SD) 65.2 (14.0) 66.0 (12.4) 61.3 (16.4) 65.4 (12.8) 68.9 (11.8) 69.6 (10.8) 0.304

Female sex, n (%) 96 (42.9) 12 (27.9) 29 (39.2) 27 (58.7) 19 (40.4) 9 (64.3) 0.019

History of hypertension, n (%) 144 (64.3) 27 (62.8) 46 (62.2) 25 (54.3) 37 (78.7) 9 (64.3) 0.169

History of diabetes mellitus, n (%) 37 (16.5) 5 (11.6) 14 (18.9) 3 (6.5) 12 (25.5) 3 (21.4) 0.116

History of atrial fibrillation, n (%) 98 (43.8) 13 (30.2) 20 (27.0) 22 (47.8) 29 (61.7) 13 (92.9) < 0.001

History of coronary heart disease, n (%) 29 (12.9) 3 (7.0) 7 (9.5) 8 (17.4) 7 (14.9) 4 (28.6) 0.188

History of prior stroke, n (%) 27 (12.1) 3 (7.0) 10 (13.5) 4 (8.7) 7 (14.9) 3 (21.4) 0.525

Current Smoking, n (%) 82 (36.6) 14 (32.6) 34 (45.9) 12 (26.1) 17 (36.2) 5 (35.7) 0.259

Current drinking, n (%) 54 (24.1) 9 (20.9) 18 (24.3) 9 (19.6) 14 (29.8) 4 (28.6) 0.784

Admission SBP, mean (SD) 146.4 (21.6) 146.9 (23.9) 141.8 (17.7) 148.6 (22.5) 151.0 (24.3) 146.3 (19.4) 0.209

Admission DBP, mean (SD) 84.6 (15.3) 81.1 (13.5) 80.2 (14.5) 84.3 (14.3) 91.0 (14.4) 97.1 (17.6) < 0.001

Admission HR, mean (SD) 82.1 (19.5) 68.6 (14.5) 78.0 (14.8) 86.4 (17.1) 89.0 (19.8) 109.2 (22.4) < 0.001

Admission glucose level, median (IQR) 7.5 (6.3–9.3) 7.2 (6.1–8.1) 7.4 (6.3–8.9) 7.5 (6.7–9.6) 8.9 (6.8–10.2) 8.1 (5.4–9.9) 0.043

Admission NIHSS score, median (IQR) 16 (13–19) 15 (12–18) 17 (12–19) 16 (14–18) 17 (14–19) 18 (16–20) 0.032

Onset to admission time, median (IQR) 89 (48–134) 90 (46–132) 96 (52–168) 89 (43–120) 77 (43–129) 73 (61–108) 0.596

Puncture to reperfusion time, median (IQR) 60 (40–86) 75 (50–81) 60 (38–90) 53 (40–84) 60 (43–89) 57 (34–98) 0.736

Onset to reperfusion time, median (IQR) 358 (280–454) 398 (317–466) 365 (298–430) 344 (249–433) 318 (255–503) 311 (273–429) 0.385

Low density lipoprotein, median (IQR) 2.58 (2.05–3.17) 2.54 (2.10–3.12) 2.54 (1.92–3.02) 2.52 (1.91–3.28) 2.75 (2.30–3.14) 2.77 (1.89–3.48) 0.745

High density lipoprotein, median (IQR) 1.18 (0.98–1.38) 1.17 (0.93–1.36) 1.09 (0.95–1.29) 1.23 (1.04–1.45) 1.28 (1.02–1.47) 1.19 (1.10–1.35) 0.169

Cardioembolism, n (%) 121 (54.0) 13 (30.2) 35 (47.3) 31 (67.4) 28 (59.6) 14 (100) < 0.001

tPA administered, n (%) 70 (31.2) 14 (32.6) 26 (35.1) 16 (34.8) 11 (23.4) 3 (21.4) 0.592

β blocker use, n (%) 55 (24.6) 2 (4.7) 8 (10.8) 11 (23.9) 20 (42.6) 14 (100.0) < 0.001

Site of vessel occlusion, n (%) 0.295

ICA with or without MCA/ACA 58 (25.9) 11 (25.6) 23 (31.1) 9 (19.6) 14 (29.8) 1 (7.1)

Isolated MCA or ACA 141 (62.9) 27 (62.8) 45 (60.8) 32 (69.6) 24 (51.1) 12 (85.7)

Vertebrobasilar or other locations 25 (11.2) 5 (11.6) 6 (8.1) 5 (10.9) 9 (19.1) 1 (7.1)

ASITN/SIR 2/3, n (%) 145 (64.7) 34 (79.1) 47 (63.5) 32 (69.6) 24 (51.1) 8 (57.1) 0.072

mTICI 2b/3, n (%) 194 (87.0) 39 (90.7) 62 (84.9) 41 (89.1) 41 (87.2) 11 (78.6) 0.761
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95.52]) but not in the moderate group (odds ratio, 1.50 [95% confidence interval, 0.61–3.69]), when compared with the low HR 
group. We did not find a statistical association between the HR groups and all-cause mortality in Table 3. In addition, we explore 
the association between Groups and 3-month worse functional outcome (mRS shift) in Supplement Table. But we did not find 
a correlation.

Figure 2 Trajectory groups of HR repeatedly measured during the first 72 hours after MT. Group 1 (red), a low HR group (n=43, 19.2%); Group 2 (yellow), a moderate HR group (n=74, 
33.0%); Group 3 (blue), a rapidly stabilized HR group (n=46, 20.5%); Group 4 (green), a persistently high HR group (n=47, 21.0%); Group 5 (black), a very high HR group (14, 6.3%).

Table 2 The Association Between Groups and 3-Month Poor Functional Outcome (mRS >2) in MT-Treated Acute Ischemic Stroke 
Patients

Group N Events,  
n(%)

Unadjusted Model 1 Model 2

OR (95%Cl) P value P for 
Trend

OR (95%Cl) P value P for 
Trend

OR (95%Cl) P value P for 
Trend

Poor 
outcome

0.009 0.047 0.022

Group 1 43 21(48.84) Reference Reference Reference

Group 2 74 38(51.35) 1.11(0.52–2.35) 0.793 1.26(0.57–2.78) 0.565 1.50(0.61–3.69) 0.378

Group 3 46 30(65.22) 1.96(0.84–4.67) 0.120 1.90(0.78–4.66) 0.160 3.18(1.10–9.19) 0.032

Group 4 47 36(76.60) 3.43(1.39–8.45) 0.007 3.17(1.26–7.99) 0.014 5.55(1.72–17.87) 0.004

Group 5 14 12(85.71) 6.29(1.25–31.51) 0.025 5.35(1.03–27.76) 0.046 18.32(2.20–95.52) 0.007

Table 3 The Association Between Groups and 3-Month All-Caused Mortality (mRS = 6) in MT-Treated Acute Ischemic Stroke Patients

Group N Events,  
n(%)

Unadjusted Model 1 Model 2

HR (95%Cl) P value P for 
Trend

HR (95%Cl) P value P for 
Trend

HR (95%Cl) P value P for 
Trend

Poor 
outcome

0.732 0.930 0.605

Group 1 43 7(16.28) Reference Reference Reference

Group 2 74 9(12.16) 0.72(0.27–1.94) 0.516 0.81(0.30–2.18) 0.681 0.72(0.25–2.10) 0.550

Group 3 46 7(15.22) 0.93(0.33–2.66) 0.898 1.04(0.36–3.02) 0.942 1.36(0.41–4.47) 0.614

Group 4 47 10(21.28) 1.37(0.52–3.60) 0.524 1.23(0.47–3.26) 0.674 1.51(0.51–4.34) 0.453

Group 5 14 2(14.29) 0.86(0.18–4.15) 0.854 0.86(0.18–4.24) 0.856 1.91(0.29–12.44) 0.501
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Discussion
This study focused on the analysis of acute phase HR trajectory in patients with acute ischemic stroke after MT. We 
found there are distinct subgroups of HR trajectories during the first 72 hours in patients with AIS afterMT. We identified 
5 unique HR trajectories, namely, low, moderate, rapidly stabilized, high, very high HR. These trajectory groups have 
different clinical profiles and were significantly different in relation to risk for poor functional outcome.

The initial rise in BP is common in the early phase of ischemic stroke. Previous studies have found that different BP 
trajectories are associated with poor outcomes in stroke patients.25 A multicenter study by Petersen et al further found 
that patients with acute ischemic stroke demonstrate distinct SBP trajectories during the first 72 hours after MT that have 
differing associations with functional outcome.26

However, the studies related to HR or HR trajectory after MT are gone unreported in stroke patients after MT. For 
analysis of the outcome, most previous studies used baseline HR, mean and HR variability.10,27,28 Above measures did 
not reflect individual changes in HR over time. Some high-risk groups may be mistaken for low-risk groups. Using 
trajectory may help to avoid this mistake. Two recent studies evaluated the relationship between resting HR trajectories 
and cardio-cerebrovascular events.29,30 The results showed that elevated trajectories were associated with an increased 
risk of myocardial infarction and all-cause mortality. However, these associations had not been demonstrated in stroke 
patients receiving MT. Our study provided evidence that AIS patients with persistently high HR after MT had a higher 
risk of poor functional outcomes at 3 months.

The imbalance between sympathetic and parasympathetic systems often occurs in the acute phase of stroke and 
represents an abnormal autonomic function in response to the severity of disease. HR trajectory may reflect individual 
response of the autonomic nervous system to a perceived catastrophic stimulus. For patients with acute stroke, HR 
change and trajectory patterns after ischemic stroke would be consequences of short-term autonomic neuroregulation 
mechanisms encompassing external stimuli, such as psychological stress, to emergent transfer to hospital or unfamiliar 
environment and internal stimuli, including ischemic stroke, increased intracranial pressure, or psychological response, to 
perceived neural deficit.31 Given the association between increased sympathetic tone and cardiovascular disease, under-
standing the impact of temporal changes in HR may be important for risk stratification and individual prediction of 
adverse outcome.

Previous studies have linked high heart rates to worse cardiovascular outcomes, possibly due to prolonged hemodynamic 
strain on the artery wall, leading to stiffness in the tube wall and increased sympathetic tone, which leads to increased 
pressure on the artery wall and endothelial damage.32,33 Bayés syndrome is a clinical condition characterized by advanced 
interatrial block that can act as a predictor of atrial fibrillation, further causing an increase in HR level.34 Elevated HR is also 
associated with pre-thrombotic status, platelet activation and increased risk of hypertension.35 Conversely, HR reduction has 
been shown to prevent endothelium-dependent vascular relaxation.36 After adjusting for relevant confounders, we found that 
HR trajectory remained an independent risk factor for adverse functional outcome in AIS patients. This means that patients 
with high HR for a long period of time may develop vasoconstriction and thrombosis, leading to a poor functional outcome. 
The clinical significance of heart rate and blood pressure trajectories remains unclear. Compared with blood pressure, HR has 
been studied less. We hope that more researchers will pay attention to the importance of HR in stroke patients.

First, it was a single-center, small sample size observational study. The generalization of our results to other clinical 
practices is inconclusive. Multicenter, large-scale cohort studies are needed to confirm our findings. Second, the study did 
not collect information inflammation or general anesthesia, which may HR measurement. Third, HR indicators were 
collected every hour for 72 hours. Further long-term continuous dynamic HR recording was worth exploring.

Conclusion
This study provides a longitudinal profile of HR in the first 72 hours after EVT. Stroke patients exhibit five distinct HR 
trajectories that are associated with poor 3-month outcomes. Patients with stroke demonstrate 5 unique HR trajectories 
that differ in their association with functional outcome. The HR trajectory of stroke patients, especially those with 
persistently high HR, should be paid attention to. Future studies should focus more on the relationship between individual 
HR changes over time and prognosis rather than just HRV and prognosis.
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