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We present information on acute stroke care for the first wave of the COVID-19 pandemic in Australia using data from the Australian Stroke Clinical Registry (AuSCR). The first case of COVID-19 in Australia was recorded in late January 2020 and national restrictions to control the virus commenced in March. To account for seasonal effects of stroke admissions, patient-level data from the registry from January to June 2020 were compared to the same period in 2019 (historical-control) from 61 public hospitals. We compared periods using descriptive statistics and performed interrupted time series analyses. Perceptions of stroke clinicians were obtained from 53/72 (74%) hospitals participating in the AuSCR (80% nurses) via a voluntary, electronic feedback survey. Survey data were summarized to provide contextual information for the registry-based analysis. Data from the registry covered locations that had 91% of Australian COVID-19 cases to the end of June 2020. For the historical-control period, 9,308 episodes of care were compared with the pandemic period (8,992 episodes). Patient characteristics were similar for each cohort (median age: 75 years; 56% male; ischemic stroke 69%). Treatment in stroke units decreased progressively during the pandemic period (control: 76% pandemic: 70%, p < 0.001). Clinical staff reported fewer resources available for stroke including 10% reporting reduced stroke unit beds. Several time-based metrics were unchanged whereas door-to-needle times were longer during the peak pandemic period (March-April, 2020; 82 min, control: 74 min, p = 0.012). Our data emphasize the need to maintain appropriate acute stroke care during times of national emergency such as pandemic management.
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INTRODUCTION

Stroke is a time critical emergency and is a leading cause of death and disability. Better outcomes are achievable with early presentation to hospital and treatment in a specialized stroke unit (1). Worldwide, there have been reports that the Coronavirus Disease 2019 (COVID-19) pandemic has impacted presentations to hospital and the ability to provide the same standard of acute stroke care as prior to the pandemic. During this time, national organizations for stroke have issued statements to encourage people with suspected stroke to avoid delays in seeking medical attention and to promote and preserve best practice management in hospitals (2).

The impacts on emergency department presentations and admissions to hospitals for acute stroke during the COVID-19 pandemic have been reported (3–13). The steepest declines in presentations have been noted to immediately follow implementation of lockdown or stay at home orders (10–12). Several authors have reported a change in symptom severity of people presenting with stroke or transient ischemic attack (TIA). In some studies, presentations of minor strokes and TIAs have reduced by 31–45% (3, 4, 7, 10, 11, 13). The impacts on patient arrival times to hospital (3, 6, 7, 12–14) and the delivery of stroke care that have been reported has differed between studies (4). Reported changes have included altered transportation protocols, changes to triage processes and stroke pathways, and fewer multidisciplinary team rounds (15, 16). Provision of reperfusion treatments and the timeliness of these have decreased or remained stable (3, 5, 6, 8, 12, 17, 18).

Within Australia, social distancing restrictions and community lockdowns commenced on March 24, 2020; and almost uniquely in the developed world, were followed by extremely low COVID-19 transmission rates. Guidance on the use of personal protective equipment at hospitals was regularly updated by the Australian Government. The first case of COVID-19 in Australia was recorded on January 25th and by June 30th 2020, there were 7,833 cases (307 per 1,000,000 population) and 104 deaths (19), with the majority of cases (69%) occurring in two Australian states (Supplementary Table 1). Since the experience in each country to COVID-19 and its impact on stroke is likely to differ, we provide this brief report to illustrate the unintended and indirect consequences from an Australian perspective.



AIMS

The aim of this paper is to describe the impact of the COVID-19 pandemic on stroke services from the perspective of hospitals participating in the Australian Stroke Clinical Registry (AuSCR) up until the end of June 2020.



METHODS

The impacts of the COVID-19 pandemic on stroke services were captured through our collaborative work on the AuSCR. The AuSCR is a clinical quality registry that was established in 2009 to monitor and improve the quality of stroke care in Australia. Participating hospitals capture data on patients admitted with acute stroke and TIAs. Public hospitals from six Australian states and territories contribute data to the AuSCR and it is funded primarily by state governments. The AuSCR captures a minimum dataset on patient characteristics, clinical indicators, and patient outcomes. The data for the analysis were extracted from AuSCR on the 17th September 2020. For further information see www.auscr.com.au.


Study Design

Mixed methods design using (i) patient-level data from the registry and (ii) a survey of clinicians working in the hospitals that participate in the AuSCR.

To avoid the effect of season on stroke admissions, patient-level data from the registry from January to June 2020 were compared to data for the same period in 2019 prior to the pandemic (the historical control cohort for this analysis). We also compared the 2 months when we had the peak of cases in the first wave of COVID within Australia occurred between March and April (https://covid-19-au.com/, accessed 21 September 2020) to the historical, non-pandemic control period.



Setting

Public hospitals from six Australian states and territories that contribute data to the AuSCR.



Survey Design and Distribution

A voluntary, feedback survey was designed to capture the impacts of COVID-19 from the perspective of hospital clinicians working in on acute stroke care using a standardized approach. Several members of the AuSCR team (EKT, JLM, SJB, DAC) developed the set of 23 closed or open-ended questions based on informal feedback and information being circulated by the Stroke Foundation and World Stroke Organization. The questionnaire was reviewed and approved for distribution by the Chair of the Management (NAL) and Steering committees (SM). A copy of the survey is in the Supplementary Material.

The survey was distributed electronically to the AuSCR hospital mailing list and via the AuSCR Newsletter on the first of May 2020 and was left open until the 31st of May 2020. More than one response from each participating hospital was acceptable. Participation was voluntary.



Data Analysis

Quantitative and qualitative methods of analyses were used as outlined below. Results of the survey were contrasted to the findings from the comparison of patient data from the registry to provide context.


Analysis of Patient Cohort Data From the Australian Stroke Clinical Registry

Hospitals contributing data between January and June 2019 (historical-control period) and between January and June 2020 (pandemic period) were included in a matched analysis. Patient characteristics (stroke numbers, type, severity, age) and quality of care indicators (treatment in a stroke unit, provision of reperfusion and time to reperfusion), and other process metrics (i.e., length of stay and discharge destination) were compared. Descriptive statistics were generated based on the type and distribution of the data. Differences between time periods were assessed using Chi2 and Kruskal-Wallis tests. In the case where a specific process of care (i.e., clinical indicator) for any individual hospital contained >30% missing data, these hospitals were excluded from the analysis of that specific process of care. Data on the provision of stroke unit care was excluded from one hospital contributing 86 cases between 1/1/2019 and 17/9/2020.

Data on all episodes between 1/1/2019 and 17/9/2020 at the hospitals included in the matched analysis were used in an interrupted time series (ITS) analyses. Data points are presented per week. For the ITS analyses related to reperfusion, predicted values were adjusted for the number of patients with ischemic stroke. All other ITS analyses were adjusted for the numbers of patients with different diagnoses (ischemic stroke, intracerebral hemorrhage, transient ischemic attack, and undetermined stroke). Trends were compared before and after 1/3/2020 (week 61 in the model), which coincided with the first COVID-19 related death in Australia. A State of Emergency was declared in Victoria on 16/3/2020 and there were nationwide restrictions imposed on 21/3/2020. Seasonality was considered by using a lag period of 53 weeks for correlations. The last 2 weeks of data were removed due to low case numbers entered into the AuSCR (Supplementary Figure 1).



Analysis of Survey From Clinicians That Participate in the Australian Stroke Clinical Registry

Descriptive statistics were compiled for closed questions and inductive thematic analysis for open-ended responses.





RESULTS


Comparison of Patient-Level Registry Data

Sixty-two hospitals from five states (New South Wales, Victoria, Queensland, South Australia, and Tasmania) contributed patient data between January and June in both 2019 and 2020. We did not include data from a children's hospital, therefore the data used in the analysis was from 61 hospitals (Supplementary Table 1). Data from the registry covered locations that had 91% of Australian COVID-19 cases to the end of June 2020.

A sample of 9,308 pre-COVID 2019 AuSCR episodes were compared to a 2020 sample of 8,992 episodes (Supplementary Table 2). The demographic characteristics and stroke type distributions were similar for each cohort (median age: 75 years; 56% male; ischemic stroke 69%).

There were several changes in clinical processes over the first half of 2020 (Table 1). Compared to the pre-pandemic period, more patients arrived to hospital by ambulance in March–April 2020 (p < 0.001) and May–June (p = 0.001) and there was a shorter time between hospital arrival and brain scan (p < 0.001 and p = 0.041, respectively). The proportion of patients treated in a stroke unit in the first half of 2020 was significantly less than those in the control period (p < 0.001 for each period) and appeared to decline over the first half of 2020 (from 73 to 65%, p < 0.001). Using ITS analysis, the proportion of patients treated in a stroke unit decreased by 2.85% (95%CI −4.19, −1.51) in the week including 1/3/2020 followed by a continued decline of 0.25% per week (Figure 1).


Table 1. Comparison of patient characteristics and clinical care for the historical-control period and different stages of the pandemic in 2020.
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FIGURE 1. Proportion of patients treated in a stroke unit. The dots represent the proportion of patients provided treatment in a stroke unit per week. The predicted proportion is the expected proportion is adjusted for the number of patients with different diagnoses and the corresponding number from the previous year (seasonality). Vertical hatched line represents week 61 of the interrupted time-series model with trends compared before and after this date, which coincides with the first COVID-19 related death. Coefficient −0.2457 (95% CI −0.4216, −0.0697, p-value = 0.0069).


During the week including 1/3/2020, the proportion of patients with ischemic stroke provided thrombolysis increased by 1.09% (Table 2). There was a 0.03% per week decrease in thrombolysis provision per week prior to this point and a significantly greater 0.23% per week decrease (95% CI −0.35, −0.10) from the week including 1/3/2020. Median door-to-needle times increased by 0.10 (95% CI 0.03, 0.18) minutes per week prior to the 1/3/2020, followed by a 12.15 minute (95% CI 9.35, 14.95) increase during the week including 1/3/2020 (Figure 2). Median door-to-needle times decreased by 2.05 (95%CI −2.36, −1.73) minutes per week from the week including 1/3/2020. When data from Victoria and Queensland were explored using ITS analysis, given these two states of Australia provided 75% of the AuSCR data in this analysis and had 40% of the COVID-19 cases (Supplementary Table 1), the only notable difference was that Victoria had a more pronounced reduction in stroke unit care in the interruption week [Victoria ~6% drop, Queensland ~4% increase (Supplementary Table 3)].


Table 2. Comparison of discharge care and length of stay for the historical-control period and different stages of the pandemic in 2020.
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FIGURE 2. Median door-to-needle time. The dots represent the median door-to-needle per week. The predicted time is adjusted for the number of patients with ischemic stroke and the corresponding number from the previous year (seasonality). Vertical hatched line represents week 61 of the interrupted time-series model with trends compared before and after this date, which coincides with the first COVID-19 related death. Coefficient −2.0476 (95% CI −2.36, −1.73) p < 0.0001.


Fewer patients were discharged to rehabilitation in January–February 2020 (p = 0.020) but this improved to pre-pandemic levels from March onwards (Table 3). The median length of stay was 3 days between March and April 2020, lower than a median of 4 days in other months in the first half of 2020 and significantly shorter than pre-pandemic period (p < 0.001). There was evidence of fewer patients receiving their secondary prevention medications at time of discharge (Table 3).


Table 3. Changes in the provision of acute stroke care assessed using interrupted time series analysis.
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Survey Results

Responses were received from 53/72 (74%) hospitals participating in the AuSCR; 80% of respondents had a nursing background. About half reported reduced presentations, in particular for mild stroke and transient ischemic attacks (44%). Changes to patient flow and management in emergency departments were reported by 36%; 26% had their stroke unit relocated with 10% reporting reduced capacity, and 28% reporting that stroke service staff were redeployed to other hospital work. Staff described the impact on patients having less access to visitors creating reduced opportunities for support and education and information sharing with relatives by the stroke team. Communication about redeployment of services or patient flow policy changes was reported to be less than optimal at some hospitals. Delays to time-critical stroke treatment were identified due to COVID-19 screening/triage processes, and nursing staff ratios and the interdisciplinary team skill base were adversely impacted.




DISCUSSION

Despite Australia's relatively low rates of COVID-19 in the population [4.5 times fewer cases per million than the global average (20)], we have demonstrated that stroke care nationally was negatively impacted by the pandemic. This may have been brought on by the need to prepare for a potential influx of infected cases needing hospital management and additional screening processes for triage in emergency departments. In our study, significantly fewer patients had access to stroke unit care at all three post-pandemic timepoints analyzed, an important finding given that patients treated in a stroke unit are more likely to be alive, independent, and living at home 1 year after the stroke than if cared for in other settings (1, 21). Length of stay significantly decreased and fewer patients were discharged with secondary stroke prevention medications across the pandemic timepoints. Other care processes such as discharge to rehabilitation and door-to-needle times under 60 minutes for thrombolysis quickly returned to pre-pandemic levels. Interestingly, an increased proportion of strokes arrived by ambulance in the post-pandemic period, which coincided with a concomitant decrease in the median time to brain scan following arrival. There was little evidence to indicate that one region fared worse than others during this first wave of the pandemic.

Care in organized, dedicated stroke units by expert, interdisciplinary clinicians is the hallmark of best-practice stroke care that is universally applicable to all patients with stroke (21). Our major findings were that stroke unit access decreased, fewer patients were discharged to inpatient rehabilitation in the early phases of the pandemic, patients were being discharged earlier, and discharged without secondary prevention medications more often than the pre-pandemic period. This may have occurred due to resource redistribution between units, demand for hospital beds or clinician perception of increased risk of patients contracting COVID-19 in hospitals. Our quantitative findings mirror the feedback about service impacts reported by the stroke clinicians. These findings are concerning, since without the care provided in dedicated stroke units, patients experience more complications, disability and mortality (21–23). Disaster planning should incorporate the necessity of maintaining stroke services so that access to evidence-based care processes, such as stroke unit access, are sustained and the “collateral damage” of disaster responses is limited.

Interestingly, although clinicians reported that milder strokes were not presenting to hospital, we were unable to substantiate this perception of a clinically meaningful difference in severity based on the ability to walk on admission or the proportion admitted with final diagnosis of TIA. Evidence around symptom onset to arrival time to hospital has been mixed with reports of maintenance of usual onset to arrival time or delays, particularly with the proportion of ischemic strokes arriving within 4.5 h of onset (3, 6, 7, 12–14). In our study we did not detect a change in median arrival times to hospital from symptom onset. However, more patients used ambulance services. We have described the impact of the COVID-19 pandemic on stroke services from the perspective of hospitals participating in the AuSCR up until the end of June 2020. Although most jurisdictions in Australia were successful in containing the COVID-19 pandemic by the end of April 2020, community and hospital responses led to significant differences in stroke system organization and stroke care. Here we have provided an analysis of the first 6 months of the pandemic prior to the “second wave” of COVID-19 that was limited to Victoria and led to a large number of community transmissions with many health workers being infected (24).

Stroke symptom recognition, rapid diagnosis and subsequent treatment requires streamlined management across multiple hospital departments that is guided by an interdisciplinary team (25). The reported changes to the delivery of stroke services from different countries have not been uniform. While delivery of care in some hospitals and systems has not been significantly restructured, others have experienced redeployment of specialist staff and repurposing of dedicated stroke beds to meet the demands of increased patients requiring treatment for COVID-19 (4, 26, 27). Changes have included the necessity of establishing different triaging protocols for presentations with respiratory symptoms or other signs of COVID-19, altered transportation protocols, changes to stroke pathways and fewer multidisciplinary team rounds (15, 16).

Authors of studies conducted in other countries have reported changes to emergency department workflows associated with the COVID-19 pandemic whereby prevention strategies may delay referrals to the stroke team, and additional brain scanner decontamination processes have also created delays (8, 25, 27, 28). Treatment delays for those eligible for reperfusion therapies lead to worse outcomes including greater disability (29, 30). Our results are reassuring in that many time-based metrics were not negatively impacted. In our cohort, it was found that door-to-scan times were faster during the pandemic period compared to the control period, which may reflect decreased workload in the emergency department at the time, or the increased proportion of patients arriving by ambulance. Although door-to-needle times initially rose by 12.15 (95% CI 9.35, 14.95) minutes with commencement of the pandemic period, these subsequently declined progressively thereafter with evidence of returning to pre-pandemic trends after April. A trend for increased door-to-groin puncture times did not reach significance. Internationally, there have been reports of reduced total numbers of thrombolysis and endovascular thrombectomy procedures due to fewer presentation volumes which was not reflected in these Australian data. Rates of provision of reperfusion therapies among patient with ischemic strokes has been relatively stable (3, 5, 6, 8, 17, 18) both in this study and elsewhere, along with associated time metrics (5, 6, 12, 31).

The strengths of our study include the standardized data from the AuSCR on 18,300 stroke and TIA admissions to the majority of participating hospitals (n = 61), and obtaining clinician perspectives prior to the analysis. Further we used a historical control period matched to the pandemic period including comparisons with different phases of the first national wave to account for potential differences in stroke admission related to season. We also performed interrupted time series analysis to comprehensively understand the influence of trends in our prospectively collected patient data adjusting for seasonality and changes in the distribution of diagnosis. The analysis of the survey data was undertaken by different authors (EKT, DAC) to the author who analyzed the AuSCR data (JK). A limitation is the potentially incomplete data for 2020, and the potential for selection bias if not all AuSCR cases were captured because of constrained resources in hospitals to collect data. However, given that the number of 2020 episodes is similar to those collected in the 2019 pre-pandemic period, we are reasonably confident that 2020 dataset is a representative sample from the time of data extraction and analysis. Further, we were unable to report on whether any of the patients in our sample experienced stroke as a result of contracting COVID-19. There is emerging evidence that COVID-19 exhibits neurotropic properties and causes neurological diseases (32) and it is estimated that 1.5% of patients with emergency department visits or hospitalizations with COVID-19 have experienced ischemic stroke (33).

Future data from the registry will enable analysis of the long-term outcomes for patients with stroke who received care in the pandemic period when compared with the pre-pandemic period, including mortality and self -reported morbidity at 90–180 days following admission. A larger second wave of COVID-19 also occurred in the state of Victoria from June 2020 onwards, and future analyses will focus on this time period and comparisons between different regions of Australia. Linkage of AuSCR data with other datasets, to include confirmed diagnoses of COVID-19 positive patients, will also broaden our understanding of the relationship between COVID-19 and stroke.

During disruptions such as a pandemic, efforts to ensure that people with suspected stroke are provided with rapid triage, acute diagnosis and reperfusion treatment where relevant, and are provided with secondary prevention medications when discharged are required. Access to specialized stroke unit care and rehabilitation should not be compromised. Such concerns have resulted in the Stroke Society of Australasia's appeal to hospital executives to protect the integrity of stroke services (34).



CONCLUSIONS

We highlight the consequences of community and health system COVID-19 responses on hospital care for acute stroke. These impacts occurred despite the predicted hospital overload from COVID-19 patients being averted in Australia during the first half of 2020. The continued decreased access to specialized stroke units is of grave concern given treatment in a stroke unit improves outcomes. Future studies of longer-term outcomes following significant changes to access to stroke unit care, accompanied by decreased length of stay, will be crucial. It is imperative that solutions are identified to maintain appropriate acute stroke care during times of national emergency such as pandemic management. These might include alternate models of providing support to patients immediately after stroke and without comprising access to best-practice in-patient care. As Australia cycles out of the initial phase of the COVID-19 pandemic we will need to ensure there is resilience within the health system to similar events in the future.
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