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The Impact of Living Alone on the Transfer and Treatment Stages of Acute
Ischemic Stroke in the Busan Metropolitan Area

Hye-in Chung'?, Seon Jeong Kim'?, Byoung-Gwon Kim'?, Jae-Kwan Cha'?

'Busan Regional Cardiocerebrovascular Center; Departments of “Neurology and *Preventive Medicine, Dong-A University College of Medicine, Busan, Korea

Background: This study aimed to analyze the prehospital process and reperfusion therapy process of acute ischemic stroke in Busan
metropolitan area and examine the impact of living arrangement on the early management and functional outcomes of acute
ischemic stroke (AIS).

Methods: The patients who diagnosed with AIS and received reperfusion therapy at the Busan Regional Cardiovascular Center
between September 2020 and May 2023 were selected. We investigated the patients’ hospital arrival time (onset to door time) and
utilization of 119 emergency ambulance services. Additionally, various time matrices related to reperfusion therapy after hospital
were examined, along with the functional outcome at the 90-day after treatment.

Results: Among the 753 AIS patients who underwent reperfusion therapy, 166 individuals (22.1%) were living alone. AlS patients
living alone experienced significant delays in symptom detection (©<0.05) and hospital arrival compared to AIS patients with
cohabitants (370.1 minutes vs. 210.2 minutes, p<0.001). There were no significant differences between the two groups in terms of
119 ambulance utilization and time metrics related with the reperfusion therapy. Independent predictors of prognosis in AlS patients
were found to be age above 70, National Institutes of Health Stroke Scale score at admission, tissue plasminogen activator, living
alone (odds ratio [OR], 1.785; 95% confidence interval [Cl], 1.155-2.760) and interhospital transfer (OR, 1.898; 95% Cl, 1.152-3.127).
Delay in identification of AIS was shown significant correlation (OR, 2.440; 95% Cl, 1.070-5.561) at living alone patients.
Conclusion: This study revealed that AIS patients living alone in the Busan metropolitan region, requiring endovascular treatment,
face challenges in the pre-hospital phase, which significantly impact their prognosis.

Keywords: Stroke; Treatment outcome; Emergency medical services
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Table 1. General characteristics of total patients

Living arrangement '

Characteristic Total patients (N=753)

Cohabitant (N=587) Living alone (N=166) pvaluef
Demographic characteristics
Age (yrf 69.5+12.5 (70 [62-78]) 69.3+12.6 (70 [62-78]) 70.2+11.8 (71 [63-79))
Young 385 (51.1) 304 (51.8) 81 (488)
Elderly 368 (48.9) 283 (48.2) 85 (51.2)
Gender
Male 451 (59.9) 363 (61.8) 88 (53.0) <005
Female 302 (62.4) 224 (382) 78 (47.0)
Socioeconomic characteristics
Medical benefit recipients/low-income class 76 (10.1) 47 (8.0) 29 (17.5) <0001
Living arrangement
Cohabitant 587 (78.0)
Living alone 166 (22.0)
Clinical characteristics
Risk factor
Hypertension 470 (62.4) 366 (62.4) 104 (62.7)
Diabetes mellitus 240 (31.9) 195 (33.2) 45 (27.1)
Smoking 208 (27.6) 157 (26.7) 51 (30.7)
Atrial fibrillation 380 (37.2) 233 (39.7) 47 (283) 001"
Dyslipidemia 341 (45.3) 276 (47.0) 65 (39.2)
Medical history
Coronary artery disease 9% (12.6) 75 (12.8) 20 (12.0)
NIHSS score at admission’ 9.9+58 (9 [5-14]) 9.9+59 (9 [5-14]) 97454 (9 [5-13))
Mild 309 (41.0) 249 (42.4) 60 (36.1) <005
Moderate 302 (40.1) 219 (37.3) 83 (50.0)
Severe 142 (18.9) 119 (20.3) 23 (139)
90-Day mRS 2 (1-4) 2 (1-4) 3 (1-4)
90-Day mRS 0-2 419 (55.6) 345 (58.8) 74 (44.6) 001"
90-Day mRS 3-6 334 (44.4) 242 (M.2) 92 (55.4)
Pre-hospital process
Utilization of 119 ambulances 565 (75.0) 433 (73.8) 132 (79.5)
Interhospital transfer 119 (15.8) % (16.4) 23 (13.9)
Delays in identification of AIS" 224 (29.7) 164 (27.9) 60 (36.1) 005
Onset-to-door time (min) 245.4+388.5 210242716 370.14637.0 0001
Reperfusion therapy
[V-thrombolysis
Not administrated 169 (22.4) 119 (20.3) 50 (30.1) .05
Administered at the stroke center 558 (74.1) 445 (75.8) 113 (68.1)
Administered at another hospital 26 (3.5) 23 (39 3 (1.8
EvT 326 (433) 252 (42.9) 74 (44.6)
Door-to-image time (min) 20.8+65.1 2164732 17.8+16.1
Door-to-tPA time (min) 326+16.8 33.0£17.4 30.9+138
Door-to-EVT time (min) 148.5+736.4 162.2+843.4 104.7+46.9

Values are presented as mean+SD (median [IQR]), number (%), median (IQR), or mean+SD.

NIHSS, National Institute of Health Stroke Scale; mRS, modified Rankin Scale; AIS, acute ischemic stroke; IV, intravenous; EVT, endovascular treatment; tPA, tissue plasminogen activator;
SD, standard deviation; 1QR, interquartile range.

“p<0.05. “p<0.01. ""p<0.001. *The percentage was presented based on subgroups. TGroup differences were tested using the chi-square test for categorical data and independent t-test
or Mann-Whitney U test for numeric data. $Young was defined as those aged below 70, while elderly was defined as those aged 70 or older, with 70 as the median age of the study
population. 'NIHSS score at admission was categorized as mild, moderate, or severe: 1-7 points for mild, 8-15 points for moderate, and 16-42 points for severe. "When only the last
normal time is confirmed but the first abnormal time is uncertain, it is defined as delays in the identification of AlS.
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Table 2. Clinical characteristics of patients according to the functional prognosis

Functional outcome ™

OR (95% CI)

Characteristic Total patients (N=753)  Good outcome score  Poor outcome score T Univariate logistic Multivariate logistic regression
(N=419) (N=334) el regression Model 1 Model 2
Demographic characteristics
Age (y)' 69.5:125 (70 [62-78)  73.9+117 (75 [67-83) 65.9:11.9 (67 [59-74)  <0.001"" 1.061 (1.046-1.076)"
Young 385 (51.1) 270 (64.4) 115 (34.4) <0001
Elderly 368 (48.9) 149 (35.6) 219 (65.6) 3451 (2552-4666) 3099 (2095-4.854) " 3185 (2.147-4724)"
Gender
Male 451 (59.9) 270 (64.4) 181 (54.2) 001"
Female 302 (62.4) 149 (35.6) 153 (45.8) 1532 (1.142-2.055)" 1.180 (0.798-1.746) 1.197 (0.805-1.778)
Socioeconomic characteristics
Medical benefit recipients/low-income class 76 (10.1) 37 (8.8) 39 (11.7) 1.365 (0.849-2.194)
Living arrangement (A)
Cohabitant 587 (78.0) 345 (82.3) 242 (725) 001"
Living alone 166 (22.0) 74 (17.7) 92 (275) 1772 (1.252-2.509) 1.785 (1.155-2.760)
Clinical characteristics
Risk factor
HTN 470 (62.4) 235 (56.1) 235 (704) 0001 1859 (1.371-2519) 1354 (0.924-1.984) 1366 (0.931-2.004)
DM 240 (319) 17 (27.9) 123 (36.8) Q01" 1504 (1.106-2.048)" 1505 (1.024-2.210) 1.454 (0.986-2.144)
Smoking 208 (27.6) 141 (337) 67 (20.1) <0001 0495 (0.354-0692) " 0,827 (0.523-1.309) 0,807 (0.509-1.280)
AF 380 (37.2) 137 (32.7) 143 (42.8) 001" 1541 (1.144-2.076)" 0.712 (0.478-1.061) 0,690 (0.461-1.033)
DL 341 (453) 193 (46.1) 148 (44.3) 0,932 (0.698-1.244)
Medical history
CAD 95 (12.6) 50 (11.9) 45 (135) 1.149 (0.747-1.769)
NIHSS score at admission’ 9.9:58 (9 [5-14]) 7.4+48 (6 [4-10]) 130:54 (13 [317) <0001
Mild 309 (41.0 250 (59.7) 59 (17.7) 001"
Moderate 302 (40.1) 136 (32.5) 166 (49.7) 5172 (3597-7.436) " 479 (3.163-7.269) 4846 (3.197-7.347)"
Severe 142 (189) 33 (79) 109 (32.6) 13.996 (8645-22659)  11.993 (6.796-21.263)  12.288 (6.943-21.849)
Pre-hospital process
Utilization of 119 ambulances 565 (75.0) 320 (76.4) 245 (73.4) 0.852 (0.612-1.186)
Interhospital transfer 119 (15.8) 45 (10.7) 74 (22.2) <0001 2.365 (1.581-3539) " 1.898 (1.152-3.127)’ 1.750 (1.049-2.917)
Delays in identification of AIS* (B 224 (29) 85 (20.3) 139 (41.6) <0001 2801 (2.029-3.867)" 1.105 (1.155-2.760)
Onset-to-door time (min) 245 443885 166.4:212.8 344 6+515.9 0001 1.002 (1.001-1.003)" 1.001 (1.000-1.002)" 1.001 (1.000-1.002)°

(Continued on next page)
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Table 2. Continued

Characteristic

Total patients (N=753)

Functional outcome ™

OR (95% CI)

Good outcome score Poor outcome score

Univariate logistic

Multivariate logistic regression

(N=419) (N=334) pralue’ regression Model 1 Model 28
Reperfusion therapy
[V-thrombolysis
Not administrated 169 (22.4) 53 (1256) 116 (347) 0001
Administered at the stroke center 445 (75.8) 353 (84.2) 205 (61.4) 0.265 (0.184-0.383)" 0.554 (0.285-1.078) 0.556 (0.286-1.080)
Administered at another hospital 23 (39) 13 (31) 13 (39 0.457 (0.198-1.053) 0.971 (0.319-2.963) 0.938 (0.307-2.865)
BT 326 (433) 133 (31.7) 193 (57.8) Q0017 2943 (2182-3970) 0951 (0.597-1515) 0951 (0.597-1514)
Door-to-image time (min) 20.8+65.1 22.4+86.0 1874154 0.999 (0.996-1.002)
Door-to-tPA time (min) 3261168 32.6£182 326£14.0 1.000 (0.990-1.010)
Door-to-EVT time (min) 1485+736.4 188.111,038.7 108.6+47.8 1.000 (0.998-1.001)
Interaction variable®
Living arrangement (A) x delays in identification
of AIS (B)
Cohabitant x delay in identification of AIS (-) 423 (56.2) 274 (65.4) 149 (44.6) <0.001™"
Cohabitant x delays in identification of AIS (+) 164 (21.8) 71 (16.9) 93 (27.8) 2409 (1.668-3479) 1.039 (0.620-1.743)
Living alone x delay in identification of AIS (-) 106 (14.1) 60 (14.3) 46 (13.8) 1.410 (0.915-2.173) 1.612 (0.963-2.720)
Living alone x delay in identification of AIS (+) 60 (8.0) 14 (33) 46 (138) 6.042 (3.216-11.253) 2.440 (1.070-5561)

Values are presented as mean+SD (median [IQR]), number (%), or mean+SD, unless otherwise stated. Multivariate logistic regression models adjustment: elderly (ref: young), female (ref: male), NIHSS score at admission (ref: mild NIHSS
score), HTN, DM, smoking (ref: no HTN, DM, smoking), living alone patient (ref: cohabitant patient), delays in dentification of AIS (ref: no delays in identification of AlS), interhospital transfer (ref: no transfer), IV-thrombolysis, and EVT (no

IV-thrombolysis). The variance inflation factor calculated to assess multicollinearity was a maximum of 1.73.

OR, odds ratio; Cl, confidence interval; HTN, hypertension; DM, diabetes mellitus; AF, atrial fibrillation; DL, dyslipidemia; CAD, coronary artery disease; NIHSS, National Institute of Health Stroke Scale; AlS, acute ischemic stroke; IV, intravenous;

EVT, endovascular treatment; tPA, tissue plasminogen activator; SD, standard deviation; IQR, interquartile range; Ref, reference.

'p<0.05. “p<0.01. mp<0.001. TThe percentage was presented based on subgroups. TGroup differences were tested using the chi-square test for categorical data and independent #test or Mann-Whitney U test for numeric data. *Multivariate
logistic regression added the interaction between living alone and delays in identification of AlS. HYoung was defined as those aged below 70, while elderly was defined as those aged 70 or older, with 70 as the median age of the study
population. INIHSS score at admission was categorized as mild, moderate, or severe: 1-7 points for mild, 8-15 points for moderate, and 16-42 points for severe. “When only the last normal time is confirmed but the first abnormal time

is uncertain, it is defined as delays in the identification of AlIS.
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