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Purpose: Acute ischemic stroke (AIS) stands as the primary cause of mortality and extended disability globally. While prior studies
have examined the connection between stroke and local weather, they have produced conflicting results. Our goal was to examine the
correlation between temperature and functional prognosis in patients with large vessel occlusion (LVO) undergoing endovascular
therapy (EVT).

Patients and methods: This study included a total of 1809 patients. Temperatures from stroke onset to groin puncture were
categorized into Cold (10th percentile of temperature), Cool (10th—50th percentile of temperature), Warm (50th—90th percentile of
temperature), and Hot (90th percentile of temperature) groups. The primary efficacy result was the modified Rankin Scale (mRS) score at
90 days. Safety outcomes included mortality, symptomatic intracranial hemorrhage (sSICH) and complications after cerebral infarction.
Results: The primary efficacy results demonstrated a statistical enhancement in functional outcomes at 90 days for patients in the
Warm group compared to the Cold group (adjusted common odds ratio [OR]: 1.386; 95% confidence interval [CI]: 1.024-1.878,
P=0.035). Secondary efficacy results showed that temperature was associated with a higher rate of 90-day functional independence
(adjusted OR: 1.016; 95% CI: 1.004-1.029; P=0.009), which was higher in the Warm group compared with patients in the Cold group
(adjusted OR: 1.646; 95% CI: 1.107-2.448, P=0.014). There were no significant differences between groups in terms of sSICH, 90-day
mortality, and post-infarction complications.

Conclusion: Compared with Cold temperature, Warm temperature is associated with better functional outcomes and reduced
mortality risk without increasing the risk of sICH.
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Introduction
According to WHO statistics, stroke is the primary reason for fatalities and enduring impairment globally. Endovascular
treatment (EVT) for patients with acute large vessel occlusion (LVO) is currently recognized as the standard medical care.'
The Lancet Neurology published a systematic analysis for the Global Burden of Disease Study 2019 shows that 87% of strokes
can be attributed to 19 risk factors, including smoking, high body mass index, environmental particulate matter pollution, high
systolic blood pressure, high salt diet, high LDL, renal insufficiency, high fasting glucose, high or low ambient temperature,
low physical activity, etc.” There is ongoing debate about the impact of ambient temperature on stroke.

Numerous studies have confirmed that colder temperatures are linked to an increased risk of stroke.”® Other researchers
found that increased average temperatures were linked to a greater occurrence of ischemic stroke.'®'? Several studies have
stated that they did not observe a significant correlation between outdoor temperature and ischemic stroke.'*>"'® Conversely,

another meta-analysis suggested that both low and high temperatures can elevate the risk of stroke mortality."> Despite
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numerous studies examining the relationship between climate factors and the risk of stroke, there is still no clear consensus on
the associations between ambient temperatures and stroke prognosis.

We utilized a unified nationwide database from three studies to assess whether ambient temperatures could affect
functional outcomes of patients with endovascular treatment due to acute large vessel occlusion.

Materials and Methods

Patient Selection

Data from three EVT studies of patients with AIS due to LVO were included: the RESCUE BT test is a multicenter,
randomized, placebo-controlled, double-blind trial conducted in approximately 50 centers in China, which compares
endovascular treatment with and without tirofiban for stroke patients with large vessel occlusion. Additionally, the DEVT
trial is an open-label, multicenter, randomized controlled trial focusing on acute ischemic stroke (AIS) caused by anterior
large vessel occlusion (LVO) at 33 stroke centers in China. Lastly, the BASILAR study is a nationwide registry for acute
basilar artery occlusion, involving 47 stroke centers in China (Figure 1). The above three study protocols were approved
by Xingiao Ethics Committee and the sub-centers’ ethics committees (Supplement Appendix eTables 1-3) and complies

with the Declaration of Helsinki. Patients who were eligible or their legal representatives provided informed consent
before participating in the above study.

Patients aged 18 years or older with confirmed LVO of the posterior circulation or anterior circulation from head
digital subtraction angiography, magnetic resonance angiography (MRA), or computer tomography angiography (CTA),
and who received EVTs within 24 hours of the estimated time of LVO for the anterior circulation, or within 72 hours for

The RESCUE BT Test The DEVT Trial The BASILAR Study

2011 patients with acute stroke and large vessel occlusion in this study

202 Excluded
182 standard medical treatment alone
20 patients missing data

Y

1809 patients with acute stroke and large

vessel occlusion undergoing EVT

181 Included in the cold group 724 Included in the cool group 727 Included in the warm group 177 Included in the hot group

Figure | Flow of Patients in a study of the effect of temperature for patients with Endovascular Treatment. This study included 2011 patients with acute stroke and large
vessel occlusion. However, 202 patients were excluded for different reasons: 182 received only standard medical treatment, while the remaining 20 patients had missing
essential data. Therefore, the final sample size consisted of 1809 patients who underwent treatment for large vessel occlusion.
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the posterior circulation, were included. Exclusion criteria comprised a premorbid modified Rankin Scale (mRS) of 3 or
more, cerebral hemorrhage revealed by CTA or MRA, and severe liver, renal, heart, lung dysfunction.

Methods

In this study, the minimum temperature to the 10th percentile of the temperature distribution was noted as Cold group, the
10th to 50th percentile of the temperature distribution was noted as Cool group, the 50th to 90th percentile of the
temperature distribution was noted as Warm group, and the 90th percentile of the temperature distribution to the maximum
temperature was noted as Hot group. Temperature was defined as the mean temperature distribution from stroke onset to
groin puncture. The primary efficacy result was the modified Rankin Scale (mRS) score at 90 days. The secondary efficacy
result included favorable functional outcomes, functional independence, and excellent outcome (defined as an mRS score of
3 or less) at 90 days. Safety outcomes included symptomatic intracranial hemorrhage (sICH) within 48 hours, mortality
within 90 days and complications after cerebral infarction (including cerebral hernia, decompressive craniectomy, pneu-
monia, respiratory failure, circulatory failure, venous thrombosis, and death in hospital).

Temperatures Acquisition
All patients who met the inclusion criteria had air temperatures collected from stroke onset to groin puncture. We
obtained data on temperature from the Meteorological public applet (http://www.meteologix.com/cn).

Data Collection and Assessment

The combined database was used to extract demographic information and baseline clinical characteristics of all eligible
patients. This encompasses age, gender, and medical history such as hypertension, diabetes mellitus, dyslipidemia,
coronary artery disease, atrial fibrillation, and smoking. Additionally, blood pressure at admission and National Institutes
of Health Stroke Scale (NIHSS) scores at admission were recorded. Stroke subtypes were categorized based on the Trial of
Org 10172 in Acute Stroke (TOAST). The time from stroke onset to groin puncture and revascularization was documented,
with stroke onset defined as the last time the patient was observed in normal state. Baseline ischemic injury in the anterior
and posterior circulation were evaluated using Alberta Stroke Program Early Computed Tomography (ASPECT) score. The
quality of reperfusion was assessed using the modified Thrombolysis in Cerebral Infarction (mTICI) score on the final
angiogram. Collateral vessel status was assessed using the American Society of Interventional and Therapeutic
Neuroradiology/Society/Society of Interventional Radiology (ASITN/SIR) collateral vessel grading system.

Clinical Outcomes

The primary measure of effectiveness outcome was the mRS score at 90 days, which ranged from 0 [no symptoms] to 6
[death]. Neurologists who were blinded to the treatment information conducted follow-up examinations through out-
patient visits or phone calls at participating centers. Secondary measure of effectiveness included a favorable functional
outcome (defined as an mRS score of 0-3), functional independence (mRS score of 0-2), and an excellent outcome (mRS
score of 0—1). Safety measures included symptomatic intracranial hemorrhage (sICH) within 48 h, complication after
cerebral infarction and mortality within 3 months of EVT. The assessment of sSICH was conducted using follow-up CT or
MRI in accordance with the Heidelberg Bleeding Classification.

Statistical Analysis

We divided the average temperature distribution from stroke onset to groin puncture into four subgroups. The Chi-
squared test was employed for analyzing categorical variables, while the Mann—Whitney U-test was utilized for
comparing continuous variables. These statistical tests were applied to assess and compare baseline characteristics and
outcomes across the four subgroups in the study. Multivariable ordinal logistic regression was used to analyze the shift in
the mRS score towards improvement by one score between four subgroups. The analysis was adjusted for several
variables, including age, sex, smoking, hypertension, hyperlipidemia, diabetes mellitus, ischemic stroke, atrial fibrilla-
tion, baseline NIHSS, TOAST classification, time from stroke onset to revascularization, general anesthesia, occlusion
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sites, intravenous thrombolysis (IVT), and mTICI score. For other, binary logistic regression was performed to analyze
other dichotomized outcomes, and the same confounding factors were adjusted.

We conducted a statistical analysis using SPSS (version 23.0; IBM SPSS Statistics) and created figures using
Microsoft Office Excel 2019. A significance level of P < 0.05 was set, and all hypothesis tests were two-sided.

Results

Baseline Characteristics

A total of 1809 patients were included in this study. The median (interquartile range) age was 67 (57—74) years, 1159
(64.1%) of the patients were men, and the baseline NIHSS score was 17 (13-23). The rate of IVT was 14.0%, and 87.3%
(1575/1805) of patients achieved successful reperfusion (mTICI 2b—3). The patients were categorized into four groups
according to their temperature: Cold group (T<6.47°C), Cool group (T=6.48-19.78°C), Warm group (T=19.79-29.83°C),
and Hot group (T>29.84°C). The distribution of patients in these groups was as follows: 181 (10.0%) in the Cold group,
724 (40.0%) in the Cool group, 727 (40.2%) in the Warm group, and 177 (9.8%) in the Hot group.

Compared with the Cold group, patients in the Cool group, Warm group, and Hot group, had a lower baseline NIHSS
score (19 [13-28] vs 17 [13-23.8] vs 17 [13-22] vs 17 [12-21.5], P=0.032), lower onset to revascularization time (443
[305-645] vs 412.5 [300.5-630.8] vs 440 [308—678] vs 401[269-538], P=0.042), lower incidence of ischemic stroke
(26.5% vs 16.3% vs 17.2 vs 23.2%, P=0.004), lower incidence of general anesthesia (40.9% vs 34.5% vs 31.8% vs
27.7%, P=0.038) and stroke causative mechanism (eg, large artery atherosclerosis 55.2% vs 44.6% vs 52.5% vs 53.7%,
P=0.020), and a difference in patients with atrial fibrillation (28.7% vs 35.2% vs 29.7% vs 25.4%, P=0.024) and patients
with IV thrombolysis (13.3% vs 15.2% vs 11.4% vs 20.3%, P=0.012), and a significant difference in occlusion sites
(anterior circulation: 53.0% vs 63.5% vs 68.8 vs 71.2%, P < 0.001; posterior circulation: 47.0% vs 36.5% vs 31.2% vs
28.8%, P < 0.001). Other baseline characteristics did not differ significantly between the groups (P > 0.05) (Table 1).

Primary Effectiveness Outcome

The median modified Rankin Scale (mRS) score at 90 days was 4 (IQR, 1.5 to 6) in the Cold group, 3 IQR, 1 to 6) in the
Cool group, 3 (IQR, 1 to 6) in the Warm group, and 3 (IQR,1 to 5) in the Hot group. The statistical analysis showed a
significant difference in outcomes between the groups (P=0.050). After adjusting for confounding factors, the common
odds ratio (OR) for improved functional outcome with mean temperature onset to groin puncture was 1.006 (95%
confidence interval [CI]: 0.997-1.016, P=0.179), indicating no significant association. However, when comparing the
Warm group to the Cold group, the common odds ratio (OR) for improved functional outcome was 1.386 (95%
confidence interval [CI]: 1.024-1.878, P=0.035) after adjusting for confounding factors. This suggests that patients in
the Warm group had a higher likelihood of improved functional outcome compared to those in the Cold group (Figure 2,
Tables 2 and 3).

Secondary Effectiveness Outcome

The mRS (0-2 vs.3—6) at 90 days, the common odds ratio (OR) for improved functional outcome with Mean temperature
onset to groin puncture was 1.016 (95% confidence interval [CI]: 1.004—1.029, P=0.009) after adjustment for confound-
ing factors; At 90 days, 317/727 (43.6%) patients in the Warm group compared with 59/181 (32.6%) patients in the Cold
group had a favorable functional outcome (adjusted OR: 1.646, 95% CI: 1.107-2.448, P=0.014; Table 2 and Table 3).

Safety Outcomes

Overall, sICH occurred in 135/1809 (missing data in 5 patients) (7.5%) patients: 7.7% in the Cold group, 8.2% in the
Cool group, 7.5% in the Warm group, and 5.7% in the Hot group, which was no significantly differences of sICH
occurred between groups (eg, adjusted OR: 0.997, P=0.802, Table 2), pneumonia in the Cold group was 61.3%, in the
Cool group was 63.4%, in the Warm group was 57.5%, in the Hot group was 54.8%, which was no significantly
differences of pneumonia between groups (eg, adjusted OR: 0.992, P=0.170, Table 2), and mortality in the Cold group
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Table | Baseline Characteristics of the Study Population: Patients with Acute LVO

Characteristics

No/Total No. (%)

All Cold Group Cool Group Warm Group Hot Group ¥2/z Value | P value
Number of patients 1809 181 724 727 177
Age, years, median (IQR) 67(57-74) 64(54-72.5) 66(56-74) 67(58-74) 70(59-76) 15.062 0.002
267 912/1809(50.4) 80/181(44.2) 355/724(49.0) 372/727(51.2) 105/177(59.3) 9.133 0.028
Male sex, n (%) 1159/1809(64.1) 125/181(69.1) 472/724(65.2) 449/727(61.8) 113/177(63.8) 4.043 0.257
Baseline NIHSS score, median (IQR) 17(13-23) 19(13-28) 17(13-23.8) 17(13-22) 17(12-21.5) 8.808 0.032
217 987/1809(54.6) 112/181(61.9) 399/724(55.1) 384/727(52.8) 92/177(52.0) 5.363 0.147
ASITN/SIR gradet
0-1 734/1808(40.6) 86/181(47.5) 301/724(41.6) 2771727(38.1) 70/176(39.8) 9.1312 0.166
2 660/1808(36.5) 58/181(32.0) 271/724(37.4) 263/727(36.2) 68/176(38.6)
34 414/1808(22.9) 37/181(20.4) 152/724(21.0) 187/727(25.7) 38/176(21.6)
Baseline ASPECT score, median (IQR) * 8(7-9) 8(6-9) 8(7-9) 8(7-9) 8(7-9) 4.497 0.213
28 1000/1805(55.4) 91/180(50.6) 409/722(56.6) 397/726(54.7) 103/177(58.2) 2.874 0411
Blood pressure on admission, median (IQR), mmHg** 147(130-163) 146(130-169) 145(130-162) 148(131-163) 145(130-161.8) 1.906 0.592
Medical history, No. (%)
Hypertension 1103/1809(61.0) 118/181(65.2) 437/724(60.4) 440/727(60.5) 108/177 (61.0) 1.532 0.675
Hyperlipidemia 379/1809(21.0) 40/181(22.1) 152/724(21.0) 149/727(20.5) 38/177(21.5) 0.265 0.966
Diabetes 391/1809(21.6) 33/181(18.2) 159/724(22.0) 164/727(22.6) 35/177(19.8) 2,010 0.570
Smoking 507/1809(28.0) 62/181(34.3) 203/724(28.0) 194/727(26.7) 48/177(27.1) 4.201 0.241
Ischemic stroke 332/1809(18.4) 48/181(26.5) 118/724(16.3) 125/727(17.2) 41/177 (23.2) 13.481 0.004
Cerebral hemorrhage 27/1809(1.5) 5/181(2.8) 11/724(1.5) 6/727(0.8) 5/177 (2.8) 5913 0.16
TIA 18/1809(1.0) 3/181(1.7) 5/724(0.7) 10/727(1.4) 0/177 (0.0) 5.929 0.115
Coronary heart disease 304/1809(16.8) 22/181(12.2) 127/724(17.5) 125/727(16.9) 30/177 (16.9) 3.162 0.367
Valvular heart disease or infective endocarditis 126/1809 (7.0) 10/181(5.5) 62/724(8.6) 45/727(6.2) 91177 (5.1) 5.074 0.166
Atrial fibrillation 568/1809(31.4) 52/181(28.7) 255/724(35.2) 216/727(29.7) 45/177(25.4) 9.404 0.024
Treatment profiles
Onset to groin puncture, median (IQR), min 324(215-535) 332(222.5-527.5) 320.5(218-535.7) 335(215-570) 296(195.5-443) 7.574 0.056
Onset to revascularization, median (IQR), min 428(302-640.3) 443(305-645) 412.5(300.5-630.8) 440(308-678) 401(269-538) 8.183 0.042
Groin puncture to revascularization, median (IQR), min 80(50-126) 86(55—134) 77(49-122) 81(50-126) 74(48-127.5) 3.753 0.289

(Continued)
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Table 1 (Continued).

Characteristics

No/Total No. (%)

All Cold Group Cool Group Warm Group Hot Group ¥2/z Value | P value
Stroke causative mechanism
Large artery atherosclerosis 900/1809(49.8) 100/181(55.2) 323/724(44.6) 382/727(52.5) 95/177(53.7) 19.700 0.020
Cardioembolism 707/1809(39.1) 58/181(32.0) 315/724(43.5) 271/727(37.3) 63/177(35.6)
Other 90/1809(5.0) 12/181(6.6) 43/724(5.9) 30/727(4.1) 5/177(2.8)
Unknown 112/1809(6.2) 117181(6.1) 43/724(5.9) 44/727(6.1) 14/177(7.9)
General anesthesia, No. (%) * 601/1801(33.4) 74/181(40.9) 248/719(34.5) 230/724(31.8) 49/177(27.7) 8413 0.038
IV Thrombolysis 253/1809(14.0) 24/181(13.3) 110/724(15.2) 83/727(11.4) 36/177(20.3) 10.884 0.012
Occlusion sites
Anterior circulation 1182/1809(65.3) 96/181(53.0) 460/724(63.5) 500/727(68.8) 126/177(71.2) 19.596 0.000
Posterior circulation 627/1809(34.7) 85/181(47.0) 264/724(36.5) 227/727(31.2) 51/177(28.8)
mTICI score?
0-2a 230/1805(12.7) 21/180(11.7) 96/723(13.3) 93/726(12.8) 20/176(11.4) 0.678 0.878
2b or 3 1575/1805(87.3) 159/180(88.3) 627/723(86.7) 633/726(87.2) 156/176(88.6)

Notes: *Missing data in 8 patient, TMissing data in | patients, ¥Missing data in 4 patients.
Abbreviations: IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; mTICl, modified thrombolysis in cerebral infarction; IV, intravenous.
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Distribution of modified Rankin scale score
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Figure 2 Distribution of the modified Rankin scale score at 90 days of Cold, Cool, Warm, and Hot groups. The distribution of the modified Rankin scale score of primary
outcomes in four groups derived on the temperature for all patients treated with endovascular treatment.

was 35.4%, in the Cool group was 28.5%, in the Warm group was 25.7%, in the Hot group was 23.7%, which was no
significantly differences of mortality rate between groups (eg, adjusted OR: 0.992, P=0.208, Table 3).

Subgroup Analysis

As shown in Figure 3 and Supplementary Figures S1-SS5, the results of subgroup analyses suggested a potential

heterogeneity in the effect of temperature on functional outcomes among patients with different severity of neurological
deficits (P for interaction = 0.050) and those with different anesthesia strategies (P for interaction < 0.01).

Table 2 Primary Outcomes and Secondary Outcomes

Characteristics Unadjusted Outcome P value Adjusted Value P value
Variable Value (95% CI) (95% CI)
Primary Efficacy Outcomes
Modified Rankin Scale score at 90d, median (IQR)
Mean temperature Onset to groin puncture (°C) 1.013(1.004-1.022) 0.004 1.006(0.997-1.016) 0.179
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.349(1.009-1.804) 0.044 1.311(0.968-1.776) 0.080
Warm group (19.79-29.83) 1.499(1.121-2.003) 0.006 1.386(1.024-1.878) 0.035
Hot group (229.84) 1.472(1.022-2.119) 0.038 1.254(0.856—1.838) 0.246
Secondary Efficacy Outcomes
mRS 90d, 0-3
Mean temperature Onset to groin puncture (°C) 1.011(1.001-1.021) 0.038 1.005(0.993-1.018) 0.407
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.290(0.930-1.790) 0.127 1.234(0.833-1.828) 0.293
Warm group (19.79-29.83) 1.510(1.089-2.095) 0.014 1.474(0.994-2.185) 0.053
Hot group (229.84) 1.367(0.902-2.072) 0.141 1.189(0.725-1.947) 0.493
mRS 90d, 0-2
(Continued)
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Table 2 (Continued).

Characteristics Unadjusted Outcome P value Adjusted Value P value
Variable Value (95% CI) (95% CI)
Mean temperature Onset to groin puncture (°C) 1.016(1.006—1.027) 0.002 1.016(1.004-1.029) 0.009
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.366(0.968—1.928) 0.076 1.322(0.889—1.965) 0.168
Warm group (19.79-29.83) 1.599(1.134-2.254) 0.007 1.646(1.107-2.448) 0.014
Hot group (229.84) 1.520(0.988-2.339) 0.057 1.460(0.890-2.394) 0.134
mRS 90d, 0-1
Mean temperature Onset to groin puncture (°C) 1.007(0.996-1.018) 0.233 1.005(0.993-1.018) 0.406
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.285(0.885—1.866) 0.187 1.232(0.810-1.875) 0.330
Warm group (19.79-29.83) 1.286(0.886—1.867) 0.186 1.267(0.832-1.929) 0.270
Hot group (229.84) 1.157(0.722—-1.853) 0.544 1.087(0.640—1.845) 0.757
Safety outcomes
Symptomatic intracranial hemorrhage, No. (%)
Mean temperature Onset to groin puncture (°C) 0.995(0.976-1.014) 0.596 0.997(0.977-1.018) 0.802
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.062(0.579—1.940) 0.847 0.960(0.514—1.794) 0.898
Warm group (19.79-29.83) 0.922(0.499-1.703) 0.795 0.877(0.466—1.651) 0.684
Hot group (229.84) 0.719(0.310-1.664) 0.440 0.726(0.307—-1.715) 0.465
Complications after cerebral infarction, No. (%)
Pneumonia
Mean temperature Onset to groin puncture (°C) 0.985(0.975-0.996) 0.005 0.992(0.981-1.003) 0.170
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 1.092(0.781-1.527) 0.606 1.271(0.884-1.828) 0.196
Warm group (19.79-29.83) 0.853(0.611-1.191) 0.350 1.016(0.707-1.459) 0.933
Hot group (229.84) 0.765(0.502—1.165) 0.211 0.952(0.604—1.503) 0.834
Mortality at 90 days, No. (%)*
Mean temperature Onset to groin puncture (°C) 0.984(0.973-0.995) 0.004 0.992(0.979-1.005) 0.208
Cold group (<6.47) Reference NA Reference NA
Cool group (6.48-19.78) 0.727(0.515-1.026) 0.070 0.717(0.478-1.076) 0.109
Warm group (19.79-29.83) 0.633(0.447-0.896) 0.010 0.667(0.444—1.004) 0.052
Hot group (229.84) 0.569(0.359-0.902) 0.016 0.653(0.381-1.118) 0.120

Note: *All cause death.

Abbreviations: IQR, interquartile range; Cl, Confidence Interval; mRS, Modified Rankin Scale score.

In patients with more severe neurologic deficits, compared with the Cold group, the Cool group, and Warm group
were statistically associated with better functional prognosis (1.719 (95% confidence interval [CI]: 1.135-2.601,
P=0.010) and 1.892 (95% confidence interval [CI]: 1.249-2.866, P=0.003), while the Hot Group did not show a
statistically significant association with a better functional prognosis (1.376 (95% confidence interval [CI]: 0.811—
2.334, P=0.237). In contrast, in patients with NIHSS scores <17, the association of temperature with functional prognosis
was not observed. A stronger association between temperature and functional outcome can also be observed in patients
with general anesthesia than in patients without general anesthesia.

However, statistically significant heterogeneity was not found among patients with different age, sex, intravenous
thrombolysis, occlusion site, onset to recanalization time, previous ischemic stroke, atrial fibrillation, and recanalization.

Discussion

This study represents the inaugural research endeavor to investigate ambient temperature in Chinese patients with AIS
due to LVO undergoing EVT. Our observations indicated that the mean temperature from stroke onset to groin puncture
was associated with a decrease in mortality and enhancements in functional outcomes at 90 days. To clarify the effect of
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Table 3 Efficacy Outcomes and Safety Outcomes

Characteristics

No/Total No. (%)

All (n=1809) Cold Group Cool Group Warm Group Hot Group ¥2/z Value P value
Primary Efficacy Outcomes
Modified Rankin Scale score at 90d, median (IQR) 3(1-6) 4(1.5-6) 3(1-6) 3(1-6) 3(1-5) 7.797 0.050
Secondary Efficacy Outcomes
Modified Rankin Scale score at 90d, No. (%)
0-3, No. (%) 944/1809(52.2) 81/181(44.8) 370/724(51.1) 400/727(55.0) 93/177(52.5) 6.699 0.082
0-2, No. (%) 739/1809(40.9) 59/181(32.6) 288/724(39.8) 317/727(43.6) 75/177(43.4) 7.898 0.048
01, No. (%) 527/1809(29.1) 45/181(24.9) 216/724(29.8) 217/727(29.8) 49/177(27.7) 2.132 0.545
Safety outcomes
Symptomatic intracranial hemorrhage, No. (%) 135/1804(7.5) 14/181(7.7) 59/722(8.2) 52/725(7.5) 10/176(5.7) 1.437 0.697
Complications after cerebral infarction, No. (%)
Cerebral hernia 131/1809(7.2) 18/181(9.9) 43/724(5.9) 57/727(7.8) 13/177(7.3) 4.188 0.242
Decompressive craniectomy 50/1809(2.8) 4/181(2.2) 21/724(2.9) 19/727(2.6) 6/177(3.4) 0.576 0.902
Pneumonia 1085/1809(60.0) 111/181(61.3) 459/724(63.4) 418/727(57.5) 97/177(54.8) 7.504 0.057
Respiratory failure 426/1809(23.5) 46/181(25.4) 181/724(25.0) 165/727(22.7) 34/177(19.2) 3.342 0.342
Circulatory failure 267/1809(14.8) 24/181(13.3) 113/724(15.6) 105/727(14.4) 25/177(14.1) 0.852 0.837
Venous thrombosis 169/1809(9.3) 19/181(10.5) 73/724(10.1) 62/727(8.5) 15/177(8.5) 1.480 0.687
Death in hospital 92/1809(5.1) 8/181(4.4) 40/724(5.5) 35/727(4.8) 9/177(5.1) 0.566 0.904
Mortality at 90 days, No. (%)* 499/1809(27.6) 64/181(35.4) 206/724(28.5) 187/727(25.7) 42/177(23.7) 8.330 0.040

Notes: *All cause death; "Missing data in 5 patients.

Abbreviations: IQR, interquartile range; Cl, Confidence Interval.
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Subgroup -\ol.’:equet::cl;:Ss OF Ad’““z:;z“‘;;;“ OR cOR (95% CI) P Value for Interaction
Baseline NIHSS score 0.050

<17 822/1809(45.4)
Cold group(6.47) 69/181(38.1) Reference
Cool group(6.45-19.78) 325/724(44.9) 0.97 (0.62-1.54) ——
Warm group(19.79-29.83) 343/727(47.2) 0.99 (0.63-1.56) B, N—
Hot group(29.84) 85/177(48.0) 1.16 (0.65-2.04) I
217 987/1809(54.6)
Cold group(£6.47) 112/181(61.9) Reference ;
Cool group(6.48-19.78) 399/724(55.1) 1.72 (1.14-2.60) | ————
Warm group(19.79-29.83) 384/727(52.8) 1.89 (1.25-2.87) e
Hot group(329.84) 92/177(52.0) 1.38 (0.81-2.33) I
General anesthesia 0.002
No 1200/1801(66.6) :
Cold group(<6.47) 107/181(59.1) Reference :
Cool group(6.48-19.78) 471/719(65.5) 1.10 (0.75-1.62) ——
Warm group(19.79-29.83) 494/724(68.2) 1.15 (0.78-1.68) ——
Hot group(=29.84) 128/177(72.3) 1.49 (0.93-2.38) -
Yes 601/1801(33.4)
Cold group(=6.47) 74/181(40.9) Reference
Cool group(6.48-19.78) 248/719(34.5) 1.85 (1.12-3.07) R
Warm group(19.79-29.83) 230/724(31.8) 1.97 (1.19-3.28) e
Hot group(=29.84) 49/177(27.7) 0.68 (0.34-1.35) _._
T T T T T T 1
00 05 1.0 15 20 25 3.0

Figure 3 The forest plot displays effect variation across subgroups for the adjusted common odds ratio of less disability at 90 days as compared with the Cold group. The
forest plot displays effect variation across | | subgroups for the adjusted common odds ratio of less disability at 90 days. A lower modified Rankin Scale (mRS) score indicates
less disability. The thresholds for age, baseline National Institutes of Health Stroke Scale score (NIHSS), and onset to recanalization time were chosen at the median.
Adjusted odds ratio (95% Cl) > 3 indicated by arrows.

mean temperature from stroke onset to groin puncture on the nerve function of patients with AIS, we utilized a national
comprehensive database from three studies and obtained mean temperature from onset to groin puncture. Our results
show that Warm ambient temperature is strongly associated with good functional prognosis compared with Cold ambient
temperature, whereas Cool and Hot ambient temperatures have no such association.

Many epidemiologic studies have stated an affiliation between ambient temperature and stroke, even though the
actual findings were inconsistent. A case-crossover found that short-term decrement in ambient temperature heightened
risk of ischemic stroke.” Similar findings on low temperature and greater stroke incidence had been additionally
mentioned in different studies.®'”"'® Another aspect, other registrants believe that high ambient temperature was linked
to higher stroke onset and mortality.'®** Multiple studies have indicated that they did not find a significant connection
between outdoor temperature and ischemic stroke.'*'®* Contrary to the above views, the “ISOTHURM” project
observed that urban populations are affected by rising mortality rates due to both high and low temperatures.”* Using
records from 8 massive cities in China came to a similar conclusion: temperature and stroke mortality have been
frequently nonlinear—both low and excessive temperatures had been linked to greater stroke deaths.'®> Our study
revealed that patients in the Warm group exhibited higher rates of 90-day favorable outcomes and functional indepen-
dence, as well as a lower mortality rate compared to patients in the Cold group. The precise reasons for these variations
are difficult to disentangle, but may contain variations in fitness care systems, learning populations, geography, duration
of the study, meteorological characteristics, research designs, and analytical strategies.

Several mechanisms may explain our findings. When exposed to cold, the sympathetic nervous system is triggered and
releases substances such as catecholamines that aid in generating heat, sympathetic-mediated peripheral vasoconstriction and
marked increase in blood pressure caused by a decrease in skin temperature, the renin-angiotensin-aldosterone system is
known to play a crucial in cold-induced blood pressure elevation, and its role may be related to the inhibition of nitric oxide
synthesis, and urinary sodium excretion may also be related to temperature-induced changes in blood pressure. However, high
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temperature is associated with deterioration of endothelial function, on the other hand, the expansion of blood vessels and
massive sweating of the skin under high temperature may lead to low blood volume and loss of sodium salt, which may cause a
decrease in blood pressure.”>*° Ambient temperature also influences platelet count, heart rate, platelet viscosity, peripheral
vasoconstriction function, plasma fibrinogen, cholesterol, and inflammation markers.>”?® Based on this study, while indivi-
duals cannot entirely evade exposure to cold temperatures, those with cerebrovascular disease and an elevated risk of stroke
should minimize prolonged exposure to cold outdoor conditions or take appropriate measures to stay warm.

Our discovery was groundbreaking as it centered on a population with acute ischemic stroke (AIS) caused by large
vessel occlusion (LVO) undergoing endovascular therapy (EVT). The regions studied cover a wide range of geographical
areas, different seasons, and large target populations. This approach provided adequate statistical power to explore the
association between temperature and stroke outcomes.

We should acknowledge several limitations of our study. First, being an observational study, bias from patient selection
was unavoidable. While confounding factors can be adjusted through multivariate logistic analysis, there are still systematic
differences among subgroups. Second, we utilized the average outdoor temperature from stroke onset to groin puncture in the
analysis, which may have underestimated the impact of exposure to extreme temperatures. Third, this study only included
patients with large vessel occlusion who underwent endovascular treatment. However, as there are several pathophysiology,
prognosis, and clinical features between large vessel occlusion and lacunar strokes, it is important to investigate the effect of
ambient temperature in a more broad population. Fourth, it would be useful to mention the causes of death (neurological and
non-neurological) in the study sample. Fifth, our studies have focused on mainland China, and there is a lack of information on
other species in the broader region of Asia and beyond. Finally, further extensive research is necessary to enhance the
comprehension of the moderating effects of humidity, air pressure, air pollutants, latitude and longitude factors, etc.

Conclusion

In summary, warm temperatures have been shown to enhance functional outcomes at 90 days and decrease the likelihood
of death in LVO patients undergoing EVT compared to cold temperatures. However, additional randomized clinical trials
are necessary to validate the findings of this study.
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