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Higher mortality of ischaemic stroke patients hospitalized with COVID-19 compared to historical controls
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Abstract

Introduction: Increasing evidence suggests patients with coronavirus disease 2019 (COVID-19) may develop thrombosis and thrombosis-related complications. Some previous evidence has suggested COVID-19 associated strokes are more severe with worse outcomes for patients, but further studies are needed to confirm these findings. The aim of this study was to determine the association between COVID-19 and mortality for patients with ischaemic stroke in a large multi-centre study.
Methods: A retrospective cohort study was conducted using electronic medical records of inpatients from 50 healthcare organizations, predominately from the United States. Patients with ischaemic stroke within 30 days of COVID-19 were identified. COVID-19 was determined from diagnosis codes or a positive test result identified with COVID-19 specific laboratory codes between January 20, 2020 and October 1, 2020. Historical controls with ischaemic stroke without COVID-19 were identified in the period January 20, 2019 to October 1, 2019. 1:1 propensity score matching was used to balance the cohorts with and without COVID-19 on characteristics including age, sex, race and co-morbidities. Kaplan-Meier survival curves for all-cause 60-day mortality by COVID-19 status were produced.
Results: During the study period, there were 954 inpatients with ischaemic stroke and COVID-19. During the same time period in 2019 there were 48,363 inpatients with ischaemic stroke without COVID-19 (historical controls). Compared to patients with ischaemic stroke without COVID-19, patients with ischaemic stroke and COVID-19 had a lower mean age, had a lower prevalence of white patients, a higher prevalence of black or African American patients and a higher prevalence of hypertension, previous cerebrovascular disease, diabetes mellitus, ischaemic heart disease, atrial fibrillation, chronic kidney disease, chronic obstructive pulmonary disease, liver disease, neoplasms and mental disorders due to known physiological conditions. After propensity score matching, there were 952 cases and 952 historical controls; cases and historical controls were better balanced on all included characteristics (all p>0.05). After propensity score matching, Kaplan-Meier survival analysis showed the survival probability was significantly lower in ischaemic stroke patients with COVID-19 (78.3% vs. 91.0%, Log-Rank test p<0.0001). The odds of 60-day mortality were significantly higher for patients with ischaemic stroke and COVID-19 compared to the propensity score matched historical controls (Odds Ratio: 2.51 (95% confidence interval 1.88-3.34)). 
Discussion/Conclusions: Ischaemic stroke patients with COVID-19 had significantly higher 60-day all-cause mortality compared to propensity score matched historical controls (ischaemic stroke patients without COVID-19). 


Introduction
Coronavirus disease 2019 (COVID-19) was declared a public health emergency by the World Health Organization on January 30, 2020 [1]. As of mid-October, 2020, over 39.7 million cases of COVID-19 and over 1.1 million deaths with COVID-19 had been reported worldwide [2]. Increasing evidence points to a propensity to thrombosis, and thrombosis-related complications, including venous thromboembolism and arterial thrombosis for COVID-19 patients [3]. A series of six case reports suggested greater ischaemic stroke occurrence with COVID-19 infection in the context of a systemic highly prothrombotic state [4]. 

A study of hospitalized patients in New York suggested patients with COVID-19 and stroke had significantly higher mortality than controls, but the study included only 32 patients with ischaemic stroke and COVID-19 [5]. An analysis of 174 patients hospitalized with acute ischaemic stroke and COVID-19, 1:1 propensity score matched to historical controls with ischaemic stroke from a single site, suggested that COVID-19-associated ischaemic strokes were more severe, with worse functional outcomes and higher odds of mortality (Odds Ratio for mortality 4.3 (95% Confidence Interval 2.22-8.30)) [6]. Further evidence is needed to confirm this finding. Overall, there are limited available data on the outcomes of ischaemic stroke patients with COVID-19 compared to outcomes of ischaemic stroke patients without COVID-19. In the current study, the aim was to determine the association between COVID-19 and mortality for patients with ischaemic stroke in a large multi-centre study. 

Materials and Methods

[bookmark: _Hlk57291010]The study utilised TriNetX, a global federated health research network providing access to statistics on electronic medical records (EMRs). To gain access to the data, a request can be made to TriNetX (https://live.trinetx.com), but costs may be incurred, and a data sharing agreement is needed. The data within TriNetX is provided by healthcare organizations (HCOs) including academic medical centres, specialty physician practices and community hospitals. Available data include demographics, diagnoses (using International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes), procedures, medications, and measurements. To comply with legal frameworks and ethical guidelines guarding against data re-identification, the identity of participating HCOs and their individual contribution to each dataset are not disclosed. The TriNetX platform only uses aggregated counts and statistical summaries of de-identified information. No protected health information or personal data is made available to the users of the platform.

[bookmark: _Hlk57291103][bookmark: _Hlk57290738][bookmark: _Hlk57290688][bookmark: _Hlk57290654][bookmark: _Hlk57290715]The TriNetX network was searched for patients meeting the inclusion criteria of this study on December 2, 2020. At the time of analysis, there were 56 HCOs in the TriNetX network used in this study (90% of HCOs from the United States and 10% from outside of the United States). From these, 48 HCOs had patients which met the inclusion criteria and were included in the present study. The inclusion criteria were patients in the network with the following recorded in their EMRs: 1) COVID-19 between January 20, 2020 and October 1, 2020, 2) ischaemic stroke (ICD-10-CM code I63) within 30 days of COVID-19 recorded in EMRs by positive test or ICD-10-CM code, and 3) inpatient within 30 days of COVID-19 recorded in EMRs using the following ‘visit’ terms in their EMRs: ‘Initial Hospital Inpatient Care Services’, ‘Critical Care Services’, ‘Inpatient Encounter’, ‘Inpatient Acute’, ‘Inpatient Short Stay’ or ‘Inpatient Non-Acute’. The search allowed for 60 days follow-up for all participants. January 20, 2020 was chosen as the start date because the first confirmed case of COVID-19 reported in the United States was reported in Washington State on January 20, 2020 and the cohort was predominately from HCOs within the United States [7]. The inclusion criteria for historical controls were patients in the network with the following recorded in their EMRs: 1) ischaemic stroke (ICD-10-CM code I63) between January 20, 2019 and October 1, 2019 and 2) inpatient two weeks before or two weeks after ischaemic stroke using the following ‘visit’ terms in their EMRs: ‘Initial Hospital Inpatient Care Services’, ‘Critical Care Services’, ‘Inpatient Encounter’, ‘Inpatient Acute’, ‘Inpatient Short Stay’ or ‘Inpatient Non-Acute’.  

[bookmark: _Hlk57279132][bookmark: _Hlk57819944]COVID-19 status was determined using codes in EMRs or a positive test result identified with COVID-19 specific laboratory codes. Patients with COVID-19 were identified following criteria provided by TriNetX based on Centres for Disease Control and Prevention (CDC) coding guidelines [8]. Patients were included if they had one or more of the following ICD-10-CM codes in their EMRs: U07.1 COVID-19; U07.2 COVID-19, virus not identified; B97.29 Other coronavirus as the cause of diseases classified elsewhere; B34.2 Coronavirus infection, unspecified; or a positive test result identified with COVID-19 specific laboratory Logical Observation Identifiers Names and Codes (LOINCs). Patients with ICD Ninth Revision (ICD-9) code 079.89 were excluded to reduce the likelihood of patients with false positive COVID-19 because this code may still be used occasionally as a "catch-all” code for >50 viral infections. 

No sample size calculations were performed. Baseline characteristics were compared using a chi-squared test for categorical variables and an independent-sample t-test for continuous variables within the TriNetX platform. The TriNetX platform was used to run 1:1 propensity score matching using logistic regression. The platform uses nearest-neighbour matching with tolerance level of 0.01 and difference between propensity scores ≤0.1. Variables included in propensity score matching were age, sex, race, and history of hypertension, cerebrovascular disease, ischaemic heart disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus, atrial fibrillation and flutter, liver disease, chronic kidney disease, neoplasms and mental disorders associated with physiological conditions. These variables were chosen because they are established risk factors for mortality and were significantly different between the cohorts with and without COVID-19. Kaplan-Meier survival curves for all-cause 60-day mortality by COVID-19 status were produced. Statistical significance was set at p<0.05. All analyses were conducted within the TriNetX online platform.

Results
[bookmark: _Hlk57819915]On the date of the search, there were 954 patients with ischaemic stroke and COVID-19 and 48,363 patients with ischaemic stroke without COVID-19 in the same time period in 2019 (historical controls) identified with the inclusion criteria. Of the patients with COVID-19, 91.2% (n=870) were identified from the ICD-10-CM code U07.1 or positive test results identified with COVID-19 specific laboratory LOINCs. Compared to patients with ischaemic stroke without COVID-19, patients with COVID-19 had a lower prevalence of white patients (48.8% vs. 69.7%, p<0.0001) and a higher prevalence of black or African American patients (30.2% vs. 17.1%, p<0.0001). The mean age of the patients without COVID-19 was statistically significantly higher than patients with COVID-19 (mean (standard deviation) 68.6 (15.6) vs. 67.3 (15.4), p=0.008). Patients with ischaemic stroke and COVID-19 had a statistically higher prevalence of history of hypertension, cerebrovascular disease, diabetes mellitus, ischaemic heart disease, atrial fibrillation, chronic kidney disease, COPD, liver disease, neoplasms and mental disorders due to known physiological conditions (Table 1).
 
After propensity score matching, there were 952 cases and 952 historical controls and the cases and historical controls were better balanced on all included characteristics (all p>0.05, apart from the proportions of people recorded as Native Hawaiian or other Pacific Islander remained higher for patients with ischaemic stroke and COVID-19 (1.1% vs. 0%, p=0.002). After propensity score matching, Kaplan-Meier survival analysis showed the survival probability was significantly lower in ischaemic stroke patients with COVID-19 (78.3% vs. 91.0%, Log-Rank test p<0.0001, Figure 1). The odds of 60-day mortality were significantly higher for patients with ischaemic stroke and COVID-19 compared to the propensity score matched historical controls (Odds Ratio: 2.51 (95% confidence interval 1.88-3.34)). 

Discussion 
In the present study of over 1900 patients with ischaemic stroke from multiple healthcare organizations, patients with ischaemic stroke with COVID-19 had significantly higher 60-day all-cause mortality, when compared to historical controls with ischaemic stroke without COVID-19, propensity score matched for age, sex, race and many co-morbidities. 

[bookmark: _Hlk57808612][bookmark: _Hlk57290338]While the relationship of venous thromboembolism and a prothrombotic state is well-recognised, increasing focus has been directed towards large vessel arterial thrombosis, including myocardial infarction amongst patients with COVID-19 [3]. Indeed, cerebrovascular disease has been associated with higher risk of transfer to the intensive care unit amongst COVID-19 patients, and large-vessel stroke has been reported in younger COVID-19 patients [9, 10]. Ischaemic stroke in such patients is increasingly recognised [4, 9], but it has been unclear whether COVID-19 per se increased the risk of mortality for ischaemic stroke patients. The results of this study suggest patients with ischaemic stroke and COVID-19 may have a higher risk of 60-day mortality compared to ischaemic stroke patients without COVID-19. This is consistent with evidence from a small study of patients with ischaemic stroke in New York, showing those with COVID-19 had significantly higher mortality than controls [5]. Similar to the present analysis, a previous study has been conducted of 174 patients hospitalized with acute ischaemic stroke and COVID-19 from multiple sites 1:1 propensity score matched to historical controls from a single site. The results of the previous study showed COVID-19-associated ischaemic strokes were more severe with worse functional outcomes and higher odds of mortality compared to historical controls with ischaemic strokes without COVID-19 (Odds Ratio for mortality 4.3 (95% confidence interval 2.22-8.30)) [6]. By utilizing a larger sample size and historical controls from multiple healthcare organizations, the results from the present study add to the evidence base that ischaemic strokes are associated with higher mortality than non-COVID-19 ischaemic strokes. The odds ratio for mortality in the previous study was higher than in the present study but the confidence intervals were wider and include the odds ratio for mortality identified in the present study (Odds Ratio: 2.51 (95% confidence interval 1.88-3.34)).  

Furthermore, a recent pooled analysis of four studies suggested a 2.5-fold increase in the odds of severe COVID-19 illness for patients with a history of cerebrovascular disease [11]. Yet, in the same review, while a trend was found there was no statistically significant association of stroke with mortality in patients with COVID-19 infection; however only two studies were included in this analysis [11]. These two included studies examined whether stroke was a risk factor for mortality amongst patients with COVID-19 [12, 13] rather than comparing the risk of mortality amongst patients with stroke with and without COVID-19. In a subsequent meta-analysis of eight studies, cerebrovascular disease was identified to be significantly associated with an increased risk of mortality in patients with COVID-19 [14]. Additionally, a recent study of over 20,000 hospitalized patients with COVID-19 in the UK reported that presence of a chronic neurological disorder (such as stroke) was associated with increased in-hospital mortality [15]. Conversely history of cerebrovascular disease was not associated with higher mortality amongst over 31,000 patients with COVID-19 from 24 healthcare organizations in the United States [16].

In the present study, there was a higher proportion of non-white patients among the COVID-19 strokes compared to non-COVID-19 strokes, consistent with racial/ethnic disparities in outcomes amongst non-white patients relating to COVID-19 [17].

[bookmark: _Hlk57803025][bookmark: _Hlk57809637]The present study has limitations including that the data were collected from the health care organization electronic medical records and some co-morbidities may be underreported. Previous studies have shown recording of ICD codes in electronic medical records may vary by factors such as age, number of comorbidities, severity of illness, length of hospitalization, and whether in-hospital death occurred [18]. Race was not available for all participants and was based on limited prespecified race categories within TriNetX. Important information about the stroke severity of the participants could not be determined from the available data. Stroke severity scales such as the National Institutes of Health Stroke Scale (NIHSS) and assessments for disability following stroke, such as the modified Rankin Scale (mRS), should be included where possible for future studies examining the impact of COVID-19 for patients with ischaemic stroke. Further residual confounding may include factors such as body mass index which was not available for the majority of participants. It could also not be determined if there was any impact of attending different healthcare organizations due to data privacy restrictions. All deaths of the included patients captured within the TriNetX network were examined, however, deaths outside of the participating health care organizations are not well captured. The study attempted to include only patients who had a stroke following COVID-19 by only including patients with ischaemic stroke recorded in their EMRs up to 30 days following COVID-19, but it is uncertain if participants had COVID-19 prior to their stroke or whether it was acquired following their stroke. This could have important impacts on outcomes for the patients and should be explored further in prospective studies. It is unclear if the results are generalisable to the wider population of the United States, as at the time of analysis, there were 56 HCOs in the TriNetX network used in this study (90% of HCOs from the United States and 10% from outside of the United States).

Conclusion
This study utilised a large cohort of patients with ischaemic stroke and COVID-19 and propensity score matched them to historical controls with ischaemic stroke without COVID-19 from multiple sites. The results suggest that COVID-19 is associated with higher 60-day mortality for patients with ischaemic stroke. The study was based on electronic medical records and has limitations but adds to the evidence base that COVID-19 worsens outcomes for patients with ischaemic stroke. Further research should examine interventions which reduce risk of mortality for patients with ischaemic stroke and COVID-19.
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Figure Legends

Figure 1. Kaplan Meier Survival Curve of All-Cause 60-day Mortality for Ischaemic Stroke Patients with and without COVID-19 after Propensity Score Matching.

Footnote:
Propensity score matching for age, sex, race, and history of hypertension, cerebrovascular disease, ischaemic heart disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus, atrial fibrillation and flutter, liver disease, chronic kidney disease, neoplasms and mental disorders associated with physiological conditions. Purple line is patients with ischaemic stroke without COVID-19 and green line is patients with ischaemic stroke without COVID-19.



