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Universal laboratory testing
 for SARS-CoV-2 in hyperacute
stroke during the COVID-19 pandemic
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Objective: Stroke patients are thought to be at increased risk of Coronavirus Disease
2019 (COVID-19). To evaluate yield of universal laboratory testing for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in acute stroke patients and its
impact on hyperacute stroke care. Methods: Between weeks 14 and 18 in 2020, a pro-
tected code stroke protocol including infection control screening and laboratory test-
ing for SARS-CoV-2 was prospectively implemented for all code stroke patients
upon arrival to the emergency department. If infection control screen was positive,
patients received protective hygienic measures and laboratory test results were avail-
able within four hours from testing. In patients with negative screen, laboratory
results were available no later than the next working day. Door-to-imaging times of
patients treated with thrombolysis or thrombectomy were compared with those of
patients treated during the preceding weeks 1 to 13 in 2020. Results: During the 4-
weeks study period, 116 consecutive code stroke patients underwent infection control
screen and laboratory testing for SARS-CoV-2. Among 5 (4.3%) patients whose infec-
tion control screen was positive, no patient was tested positive for SARS-CoV-2. All
patients with negative infection control screens had negative test results. Door-to-
imaging times of patients treated with thrombolysis and/or thrombectomy were not
different to those treated during the preceding weeks (12 [9-15] min versus 13 [11-17]
min, p = 0.24). Conclusions: Universal laboratory testing for SARS-CoV-2 provided
useful information on patients’ infection status and its implementation into a pro-
tected code stroke protocol did not adversely affect hyperacute stroke care.
Keywords: Acute Stroke—COVID-19—Patient safety—Stroke protocol—SARS-
CoV-2
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
necessitates organizational and structural adjustments to
local health care systems to protect medical professionals
and patients from infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (1). Particularly
older individuals and those with cardiovascular comor-
bidities are thought to be at increased risk of COVID-19
(2). Consequently, stroke patients can be considered an at-
risk population and might benefit from infection control
screens at hospital entry (3,4).
In response to the pandemic, protected code stroke algo-

rithms have been proposed to implement infection preven-
tion in hyperacute stroke care (5,6). However, it is unknown
how many acute stroke patients with uncertain COVID-19
status are eventually infected with SARS-CoV-2. While this
information would help to adapt local protected code stroke
protocols, it might also provide insight into possible neuro-
vascular manifestations of COVID-19 (7).
We therefore sought to evaluate the yield of universal

laboratory testing for SARS-CoV-2 as part of a protected
code stroke protocol and assessed its impact on hyper-
acute stroke care.

Methods

This prospective observational study was performed at
the comprehensive stroke center of the University Hospi-
tal Carl Gustav Carus Dresden in Saxony, Germany
(Figure 1) with previous approval of the institutional
Fig. 1. Location of study site. Location of study site in Saxony (color-coded map),
based on epidemiological data provided by Robert Koch Institute as of April 30, 2020
review board of Technical University Dresden. Written
informed consent was waived due to the observational
nature of the study.
Beginning on April 2, 2020, a protected code stroke pro-

tocol was implemented in our institutional guideline-
based stroke care protocol. Briefly, upon arrival to the
emergency department, consecutive code stroke patients
underwent rapid infection screening for travel history,
recent close contact to a potentially infected person and
history of or current fever (i.e., >37.9°C), respiratory (e.g.,
cough, dyspnea) or other symptoms suggestive of
COVID-19 (e.g., diarrhea, myalgia). Furthermore, all
patients were tested for SARS-CoV-2 using real-time
reverse-transcription polymerase chain reaction (RT-PCR)
on respiratory specimen from oropharyngeal swab.
Patients with positive infection screen or unknown history
underwent high priory testing (RealStar� SARS-CoV-2
RT-PCR Kit RUO, Altona Diagnostics, Hamburg, Ger-
many) with results available within four hours, whereas
negative screen led to second priority 6 to 12-hours testing
(AllplexTM 2019-nCoV Assay, Seegene Inc., Seoul, Repub-
lic of Korea). Protective hygienic measures including
patient isolation and use of personal protective equipment
was initiated in all patients with positive infection screen
until test results were negative without modifications to
stroke care standards.
To assess whether infection control screens and labora-

tory testing have an impact on hyperacute stroke care,
door-to-imaging (DTI) times were calculated for all stroke
patients treated with thrombolysis, thrombectomy or both.
Germany (grey map) with rates of confirmed infections with SARS CoV-2
. (www.rki.de/EN/Home/homepage_node.html).

http://www.rki.de/EN/Home/homepage_node.html


Table 1. Characteristics of patients from code stroke cohort.

Code stroke

(n = 116)

Demographic and clinical values

Age, median (IQR) 77 (66-83)

Female, n (%) 51 (41.1)

Admission NIHSS score, median (IQR) 5 (2-14)

Presentation mode, n (%)

Emergency medical service 63 (54.3)

Inter-hospital transfer 34 (29.3)

Walk-in 11 (9.5)

In-hospital stroke 8 (6.9)

Infection control screen, n (%)

Travel history 0 (0)

Close contact to potentially infected person 0 (0)

History of infectious symptoms 2 (1.7)

Symptoms suggestive of viral illness 5 (4.3)

Fever 3 (2.6)

Acute therapy, n (%)

Intravenous thrombolysis alone 11 (9.5)

Endovascular thrombectomy alone 6 (5.2)

Combined treatment 11 (9.5)

Stroke diagnosis, n (%)

Acute ischemic stroke 88 (75.9)

Transient ischemic attack 5 (4.3)

Intracranial hemorrhage 15 (12.9)

Stroke mimic 8 (6.9)

IQR indicates interquartile range; NIHSS, National Institutes of

Health Stroke Scale.

UNIVERSAL SCREENING FOR SARS-COV-2 3
We chose DTI for evaluation of hyperacute stroke manage-
ment as this time interval best subsumes most processes
possibly affected by our institutional protected code stroke
protocol. The comparator DTI data originated from our
prospective stroke registry consisting of patients who were
acutely treated with thrombolysis and/or thrombectomy
during the preceding weeks 1 to 13 in 2020.

Statistical analysis

Continuous and non-continuous variables are presented
as median with interquartile range (IQR) for skewed data
and percentages for proportional data. Between-group
comparisons were performed using Mann-Whitney U test.
Significance was set as p-value <0.05. Statistical analysis
was performed using STATA software package (Version
12.1, StataCorp., College Station, TX).

Results

During the 4-weeks study period, 124 patients with clini-
cally suspected acute stroke presented to our emergency
department. Activation of the protected code stroke proto-
col was missed in 8 patients (none of whom had a history
or symptoms suggestive of COVID-19). The remainder 116
patients (median age was 77 [66-83] years, 41.1% were
females) were subjected to complete protected code stroke
protocol and considered for final analysis. Upon arrival, 5
of 116 (4.3%) patients had fever or respiratory symptoms
suggestive of COVID-19 that resulted in highest priority
testing for SARS-CoV-2. Three of these patients were trans-
ferred from remote hospitals and required invasive ventila-
tion due to respiratory failure. Laboratory test results for
SARS-CoV-2 were negative in all these cases. During the
following clinical course, respiratory symptoms in these
patients could be explained by aspiration pneumonia
(n=3), pulmonary embolism (n=1) and stroke-related respi-
ratory compromise (n=1). None of these patients had chest
imaging features suspicious of COVID-19. Thus, no repeat
laboratory testing was deemed necessary in these patients.
Of the 111 patients who had negative infection control
screens, all were tested negative. Baseline characteristics
and test results are summarized in the Table 1.
Of the 116 code stroke patients screened for symptoms of

COVID-19, 28 (24.1%) patients were treated with thrombol-
ysis alone (n = 11), thrombectomy alone (n = 6) or combina-
tion of both (n = 11). Door-to-imaging times in these
patients were comparable to those of 81 patients treated
with thrombolysis and/or thrombectomy during the pre-
ceding weeks 1-13 in 2020 (12 [9-15] min versus 13 [11-17]
min, p = 0.24). Figure 2 shows individual patient DTI times
of acutely treated patients by weeks 1-18 in 2020.

Discussion

This prospective observational study showed that
implementation of universal laboratory testing for SARS-
CoV-2 as standard procedure into a protected code stroke
protocol was feasible and did not compromise hyperacute
stroke care in a regional acute stroke population during
the COVID-19 pandemic in Germany.
The overall negative test results on SARS-CoV-2 in our

stroke population might be attributable to several reasons.
Although the Federal Institute for Disease Control and
Prevention estimated overall infection risk in Germany as
constantly high during the study period, numbers of con-
firmed COVID-19 cases in Saxony were lower than in fed-
eral states affected more severely by the pandemic (8).
Moreover, universal laboratory testing was established in
a stage of the local outbreak when governmental contain-
ment measures have been initiated, which resulted in a
slowdown of the spread of the disease. Pre-test probabil-
ity of an infection with SARS-CoV-2 in the regional code
stroke population has therefore likely decreased over the
study period. Moreover, diagnostic performance of RT-
PCR for detection of SARS-CoV-2 in respiratory specimen
is unknown yet. Depending on the assay utilized, false-
negative results can be expected in about 20% of patients
clinically suspected of COVID-19 (9). In our cohort, how-
ever, symptoms of viral illness were rare and none of
symptomatic patients showed suspicious chest imaging
during hospitalization. Lastly, it seems unlikely that
stroke constitutes a frequent primary neurological mani-
festation of COVID-19 as recently discussed (7).



Fig. 2. Door-to-imaging times plotted against weeks 1-18 in 2020. Coronavirus symbol indicates week 14 when protected code stroke protocol was implemented
in hyperacute stroke care.
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Our findings might be useful in the development of
local protected code stroke protocols (3-6). However, it is
noteworthy that yield of universal laboratory testing for
SARS-CoV-2 observed in our cohort of code stroke
patients might vary among geographic regions due to
widely varying infection rates limiting generalizability of
our data. In fact, in a cohort of 215 consecutive pregnant
women admitted for delivery at two hospitals in New
York City, one of the epicenters of the pandemic, 33
(15.4%) were tested positive for SARS-CoV-2 in a similar
universal at-entry screening protocol (10). Of these, 29
were asymptomatic underscoring necessity to consider
geographical characteristics of infection spread in the
development of disease-specific protection protocols.
In our cohort of consecutive stroke patients who were

universally tested for SARS-CoV-2 as part of a protected
code stroke protocol, none was found positive. Although
protected code stroke did not seem to alter quality of
hyperacute stroke care, we decided to henceforth limit
laboratory testing to stroke patients who present with his-
torical or clinical features suggestive of COVID-19.
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