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Background: Coronavirus Disease 2019 (COVID-19) has spread worldwide with collateral damage and therefore might affect the behavior of stroke patients with mild symptoms seeking medical attention.

Methods: Patients with ischemic stroke who were admitted to hospitals within 7 days of onset were retrospectively registered. The clinical characteristics, including onset-to-door time (ODT), of patients with a transient ischemic attack (TIA)/mild stroke (National Institutes of Health Stroke Scale [NIHSS] score of ≤ 3 on admission) or moderate/severe stroke were compared between those admitted from April 2019 to March 2020 (pre-COVID-19 period) and from April to September 2020 (COVID-19 period). Multivariable regression analysis was performed to identify factors associated with the ODT.

Results: Of 1,100 patients (732 men, median age, 73 years), 754 were admitted during the pre-COVID-19 period, and 346 were admitted during the COVID-19 period. The number and proportion of patients with TIA/minor stroke were 464 (61.5%) in the pre-COVID-19 period and 216 (62.4%) during the COVID-19 period. Among patients with TIA/mild stroke, the ODT was longer in patients admitted during the COVID-19 period compared with that of the pre-COVID-19 period (median 864 min vs. 508 min, p = 0.003). Multivariable analysis revealed the COVID-19 period of admission was associated with longer ODT (standardized partial regression coefficient 0.09, p = 0.003) after adjustment for age, sex, route of arrival, NIHSS score on admission, and the presence of hypertension, diabetes mellitus, and wake-up stroke. No significant change in the ODT was seen in patients with moderate/severe stroke.

Conclusions: The COVID-19 epidemic might increase the ODT of patients with TIA/mild stroke.
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INTRODUCTION

The novel Coronavirus Disease 2019 (COVID-19) has posed a great challenge to the global healthcare system. The reallocation of resources to support the treatment of patients with COVID-19 might have resulted in collateral damage to non-COVID-19-related life-threatening conditions (1). During the pandemic, the number of stroke patients seen in emergency departments has decreased considerably, with a significant reduction in intravenous thrombolysis and endovascular therapy (2–4). Prolongation in onset to hospital arrival time and a significant reduction in individuals arriving at hospitals within 4.5 h were also noted (5–7). In Japan, a state of emergency was declared from April 7 to May 25 2020 because of a massive increase in COVID-19 patients, which had a great impact on the management of acute ischemic stroke patients. Ota et al. (8) reported a rapid decrease in the number of emergent stroke admissions in the Tokyo metropolitan area after the declaration and the trend in restrictions of emergent stroke care systems continued after the declaration was lifted.

Concurrently, several studies showed this decline was more apparent in patients with TIA or mild-to-moderate stroke than for severe stroke (9–11). In a report by Ohara et al. (12), the number of overall stroke patients was decreased, despite increased numbers of stroke patients undergoing thrombectomy or surgery in Kobe City, indicating patients with mild neurological deficits refrained from visiting hospitals during the COVID-19 epidemic. These studies were mainly conducted in the first phase of the COVID-19 pandemic and it remains a rapidly evolving situation. TIA or mild stroke patients are at high risk of subsequent or recurrent ischemic stroke and urgent evaluation and treatment can greatly improve their outcomes (13, 14). Clarifying the impact of the COVID-19 epidemic on the behavior of patients with TIA/mild stroke seeking medical attention may help future public awareness campaigns. Therefore, in this study, we investigated the changes in the clinical characteristics, including onset-to-door time (ODT) in patients with TIA/mild stroke before and during the COVID-19 epidemic using data from three hospitals in Fukuoka Prefecture, Japan.



MATERIALS AND METHODS


Study Design

This was a retrospective study involving three urban hospitals with a stroke care unit located in Fukuoka and Kitakyushu, government-designated cities in Fukuoka Prefecture. Saiseikai Fukuoka General Hospital is a tertiary-level facility and Fukuoka City Hospital is a secondary-level emergency facility for the Fukuoka area including Fukuoka City and surrounding small cities and towns. Kokura Memorial Hospital is a secondary-level emergency facility for the Kitakyushu area. All three hospitals have 24/7 availability of computed tomography, magnetic resonance imaging, and neurologists and/or neurosurgeons to provide stroke care including recanalization therapy. The cohort comprised consecutive patients with acute ischemic stroke admitted within 7 days of onset between April 2019 and September 2020. Trained specialized stroke physicians in each hospital performed emergency evaluations, including imaging, and made decisions about intravenous thrombolysis and endovascular therapy. Patient eligibility for recanalization therapy was determined in accordance with Japanese guidelines (15, 16).

The study period was divided into two parts: pre-COVID-19 (from April 2019 to March 2020) and COVID-19 (from April to September 2020). The beginning of COVID-19 period was defined based on the surge in number of COVID-19 cases in Fukuoka Prefecture and the timing of a declaration of emergency state. On January 16 2020, the first case of COVID-19 was reported in Japan. There was a short delay in the number of cases in Fukuoka Prefecture compared with the Tokyo metropolitan area, but then the number of patients rapidly increased at the end of March 2020. A state of emergency was declared by the Japanese government on April 7 2020. On April 24 2020, the Japan Stroke Society issued a protocol for stroke care during the COVID-19 pandemic (17). According to the protocol, acute stroke treatment was performed under appropriate infection control measures at each institution. The number of new confirmed cases gradually decreased, and the state of emergency was lifted on May 25 2020. However, a second wave occurred in July 2020 (18). Although all three hospitals dedicated their medical resources to treating COVID-19 patients in response to the COVID-19 pandemic, the emergency acceptance of stroke cases was not suspended throughout the study period.

Patient clinical information was recorded in a web-based Research Electronic Data Capture database hosted at Kyushu University Hospital (19). Data were extracted from the hospital discharge record of the Diagnosis Procedure Combination, a mixed-case patient-classification system that includes the principal diagnosis coded according to the International Classification of Diseases and Injuries, 10th revision (ICD-10), which is linked to a hospital finance system (20). We identified patients hospitalized for acute ischemic stroke by using ICD-10 diagnosis codes related to ischemic stroke (I63.0–9) and TIA (G45.0–9) and excluding patients with scheduled admissions. This study was approved by the ethics committee of Kyushu University Hospital (2020-650) and by each facility involved.



Study Subjects

The following clinical information was systematically collected from medical records: age; sex; history of stroke; the presence of hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, ischemic heart disease, or congestive heart failure; and maintenance hemodialysis. Route of arrival was categorized as direct walk-in, direct ambulance transport, walk-in with a referral from another medical facility, and transferred from another medical facility. In this study, patients with in-hospital stroke were excluded. Pre-stroke functional status was estimated using the modified Rankin Scale (mRS); pre-stroke disability was defined as an mRS of 3 or more. Because pre-stroke disability potentially affects a patient's behavior related to seeking medical attention and the severity of stroke symptoms on admission, patients with pre-stroke disability were excluded from the analysis. The ODT was defined as the time from onset of stroke or last-known well time to arrival. Wake-up stroke was defined as a stroke occurring during sleep and the last-known well time was bedtime. Acute ischemic lesions were evaluated on admission by computed tomography and/or magnetic resonance imaging including diffusion-weighted imaging. The severity of stroke symptoms was assessed with the National Institutes of Health Stroke Scale (NIHSS) score on admission. A clinical diagnosis of TIA was made if focal neurological symptoms attributable to a vascular etiology lasted for <24 h, without ischemic lesions observed on imaging (21). Minor stroke was defined as transient neurological symptoms or an NIHSS score of ≤ 3 on admission with at least one ischemic lesion (22).



Statistical Analysis

All statistical analyses were performed with JMP statistical software, version 9.0 (SAS Institute, Cary, NC, USA). Data were expressed as medians and interquartile ranges for continuous variables and counts and percentages for categorical variables.

First, we investigated the trend in the monthly proportions of patients with TIA/mild stroke among overall acute ischemic stroke cases using the Cochran–Armitage trend test. The number of new confirmed COVID-19 cases that were officially announced by Fukuoka Prefecture was also referenced.

Next, for patients with TIA/mild stroke, their clinical characteristics including the ODT were compared between pre-COVID-19 and COVID-19 periods, using the chi-square test, Fisher's exact test, or Wilcoxon rank-sum test. Multivariable regression analysis was performed to investigate factors associated with the ODT, using forced entry and stepwise selection procedures. Age, sex, and the COVID-19 period of admission were forced in; other variables were chosen by stepwise selection with a significance level of α = 0.10 for entry and α = 0.10 for removal, including all variables in the univariate analysis. ODT values were transformed with the Box–Cox transformation to better approximate a normal distribution. The values were back-transformed to facilitate the interpretation of the effect. A similar analysis was performed for patients with diseases other than TIA/mild stroke, representing moderate/severe stroke. A p-value of <0.05 was considered statistically significant.




RESULTS


Frequencies in TIA/mild Stroke Among Overall Acute Ischemic Stroke Cases During the Study Periods

Overall, 1,571 patients with acute ischemic stroke were admitted during the study period. Among them, 471 patients were excluded because of in-hospital stroke (n = 100), asymptomatic or arrived at ≥7 days after onset (n = 98), pre-stroke disability (n = 184), insufficient clinical information regarding the severity of stroke symptoms (n = 18), or an uncertain onset of stroke or last-known well time (n = 71). Finally, 1,100 patients (732 men, median age, 73 years) with ischemic stroke (754 admitted during the pre-COVID-19 period and 346 admitted during the COVID-19 period) were included in the analysis. The number and proportion of patients with TIA/minor stroke was 464 (61.5%) in the pre-COVID-19 and 216 (62.4%) in the COVID-19 periods. Figure 1 shows the monthly proportions of patients with TIA/mild stroke among overall acute ischemic stroke cases. There was no significant trend in the proportion of TIA/mild stroke cases during the study period (p = 0.231 by Cochran-Armitage trend test). There was one case of stroke with newly confirmed COVID-19 after admission during the study period.
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FIGURE 1. Monthly proportions of patients with transient ischemic attack/mild stroke among overall acute ischemic stroke cases. No significant trend in the proportion of transient ischemic attack (TIA)/mild stroke among overall acute ischemic stroke cases was seen during the study period (p = 0.231, Cochran-Armitage trend test).




Changes in Clinical Characteristics During the COVID-19 Epidemic and the Impact of COVID-19 Epidemic on the ODT in Patients With TIA/Mild Stroke

Overall, 680 patients (452 men, median age of 72 years) with TIA/mild stroke (464 admitted during the pre-COVID-19 period and 216 admitted during the COVID-19 period) were included in the analysis. Compared with the pre-COVID-19 period, the route of arrival was different in the COVID-19 period (p = 0.034); direct walk-in and direct ambulance transport were decreased (19.0 vs. 24.1% and 31.5 vs. 35.3%, respectively) and walk-in with a referral from another medical facility was increased (39.4% vs. 28.2%). Patients admitted during the COVID-19 period were more likely to have dyslipidemia (53.7 vs. 43.3%, p = 0.012) and a longer ODT (median 864 vs. 508 min, p = 0.003) compared with those admitted during the pre-COVID-19 period (Table 1). Recanalization therapy was performed for 49 patients (7.2%) with mild stroke during the study period. Intravenous thrombolysis was performed in 34 patients (7.3%) during the pre-COVID-19 period and in 14 patients (6.5%) during the COVID-19 period. Endovascular therapy was performed in two patients (0.4%) in the pre-COVID-19 period. Multivariable analysis revealed that the COVID-19 period of admission was associated with a longer ODT (standardized partial regression coefficient [β] 0.09, p = 0.003), after adjustment for age, sex, route of arrival, hypertension, diabetes mellitus, NIHSS score on admission, and wake-up stroke (Table 2), corresponding to 83.0 min delay in original ODT. To exclude the potential impact of seasonal fluctuation on the number of patients with ischemic stroke and the proportion of patients with distinct stroke severity, we performed a sensitivity analysis by extracting 258 patients admitted between April 2019 and September 2020 from the pre-COVID-19 period dataset and compared them with patients in the COVID-19 period (between April 2020 and September 2020). This demonstrated an association between the COVID-19 period of admission and a longer ODT remained significant in the multivariable analysis (β 0.08, p = 0.032) (Supplementary Table 1), corresponding to 74.0 min delay in original ODT.


Table 1. Characteristics of patients with transient ischemic attack/mild stroke.
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Table 2. Multivariable regression analyses for the factors associated with onset-to-door time.

[image: Table 2]



Analysis of Patients With Moderate/Severe Stroke in the Pre-COVID-19 and COVID-19 Periods

A similar analysis was performed for patients with moderate/severe stroke. Overall, 420 patients (280 men, median age of 76 years) with moderate/severe stroke (290 admitted during the pre-COVID-19 period and 130 admitted during the COVID-19 period) were included in the analysis. No significant changes in clinical characteristics including the ODT (median 434 vs. 471 min, p = 0.952) was observed between the pre-COVID-19 and COVID-19 periods (Supplementary Table 2). Intravenous thrombolysis and endovascular therapy were performed in 82 (28.3%) and in 40 (30.8%) patients during the pre-COVID-19 period and in 78 (26.9%) and 29 (22.3%) patients during the COVID-19 period.




DISCUSSION

This study clarified the changes in the clinical characteristics of patients with TIA/mild stroke admitted to thrombectomy-capable hospitals during the COVID-19 epidemic. The first major finding of this study was that under the COVID-19 epidemic, a prolongation of ODT occurred despite a comparable case volume and proportion of TIA/mild strokes among overall ischemic strokes during the study period. Similar delays have been described in other settings including acute coronary syndrome, testicular torsion, or pediatric appendicitis (23–27). Previous studies suggest that reluctance to seek medical attention shortly after symptom onset during the COVID-19 pandemic was related to the restrictions in healthcare systems as well as a decreased awareness/shift of attention of the patients, the desire not to overload the emergency healthcare systems, or the fear of in-hospital infection (28). Delays in seeking medical attention after TIA/mild stroke were reported by several studies even before the COVID-19 pandemic (29–32). In addition to the symptoms themselves, the perception and response of patients and people around them, and the referral process contributed to the pre-hospital delay. The independent association between the COVID-19 period of admission and a longer ODT in our study suggests the COVID-19 pandemic is a contributing factor to the delay in presentation time in patients with TIA/mild stroke as a social-psychological behavior modifier.

In contrast to a previous study (5), the ODT was not significantly changed during the COVID-19 epidemic in patients with moderate/severe stroke. However, this was in accordance with the other studies where patients with severe stroke or hemorrhagic stroke were affected less by the COVID-19 pandemic (8–12), indicating that patients and pre-hospital medical staff correctly recognized the need for the emergency care of severe stroke cases. Another possible reason is that emergency acceptance of severe stroke cases was not suspended throughout the study period in these three hospitals, which might be attributable to the relatively low number of COVID-19 cases in Fukuoka Prefecture compared with the Tokyo metropolitan area. Therefore, a massive increase of COVID-19 cases may seriously affect the acute stroke care system.

The second major finding was that the route of arrival changed during the COVID-19 epidemic in patients with TIA/mild stroke: there was an increased frequency of walk-ins with a referral from another facility and a decreased frequency of direct walk-ins and ambulance transport. Although all three hospitals dedicated medical resources to treating COVID-19 patients by implementing infection prevention and control guidelines, patients might have preferred to visit family doctors or their usual or local medical facilities rather than be directly transported to the main hospitals. Our results are consistent with the results of a questionnaire survey reported by Yao et al. (33), where most patients with suspected TIA hesitated to go to a hospital because of the fear of in-hospital infection and complicated procedures, unless a dual attack occurred within a week. Patients with TIA/mild stroke admitted during the COVID-19 period more frequently had dyslipidemia. A similar trend was reported previously (34), although the diagnosis of dyslipidemia was done in the stroke units in this study. The reason for this is unclear but might result from an increase in the frequency of referrals with a detailed history provided by family doctors, or patients without underlying diseases or connections with family doctors refrained from visiting these hospitals directly during the COVID-19 epidemic.

The spread of COVID-19 infection continues globally and therefore, the impact of the COVID-19 pandemic on patients with TIA/mild stoke seeking medical attention may have increased further (35). Continuous research on the impact of the COVID-19 pandemic on patients with TIA/mild stroke seeking medical attention and clinical outcomes is needed. Considering that substantial numbers of patients with mild stroke were eligible for recanalization therapy, it is necessary to continue to increase awareness regarding the need for the urgent evaluation and treatment of TIA/mild stroke.

This study had several limitations. First, this was a retrospective study and was conducted in a small number of facilities with a limited number of patients. A detailed analysis regarding the changes in clinical characteristics within the COVID-19 period (e.g., during and after the state of emergency) could not be performed. Moreover, this study was from one region and might not represent the nationwide situation. Second, outcome data were lacking and the impact of a prolonged ODT on stroke outcomes remains unclear. Previous studies suggest patients with high-risk TIA/minor stroke may have a disadvantage in being treated later especially due to the later administration of secondary preventive treatments. Further study is warranted to elucidate associations between changes in clinical characteristics including the ODT and outcomes in patients with TIA/mild stroke. Third, ABCD2 score and some clinical information that might be associated with seeking medical attention [e.g., bystanders, cognitive impairment, initial perception of symptoms, socioeconomic status, or area/infrastructure at residence (36, 37)] were not included in the analysis. Finally, changes in clinical characteristics during the COVID-19 epidemic in patients with pre-stroke disability or in-hospital stroke were not investigated.



CONCLUSIONS

COVID-19 epidemic might increase the ODT in patients with TIA/mild stroke. Public education regarding TIA/minor stroke should be continuously reinforced even during the COVID-19 pandemic.
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