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Abstract
COVID-19 epidemic has had a negative effect on the resources of emergency
departments. While the number of acute ischaemic stroke (AIS) patients eligible for
reperfusion therapies has decreased in the emergency departments (EDs), times to
thrombolytic and endovascular treatments of AIS patients have become longer. In this
paper, we report an ultra-fast diagnostic protocol in the settings of AIS in the ED of a
primary stroke centre. Experiences using case studies of three patients have also been
provided. Patients treated in accordance with the protocol received primary diagnoses
and endovascular treatment with door-in-door-out times of 15 to 21 minutes.
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1. Background

Thrombolysis with tissue plasminogen activator (tPA) should
be offered without delay to a suitable patient with acute is-
chaemic stroke (AIS) [1, 2]. However, in patients with AIS
due to large vessel occlusion (LVO), clinical benefit of en-
dovascular treatment (EVT) has been confirmed [3, 4]. Hence,
these patients need a very rapid transfer to a centre providing
endovascular therapy [5].

Emergency medicine was recognized as an independent
speciality in Finland in 2013 [6]. When initiating practical
training in this speciality in our emergency department (ED),
we implemented a new treatment protocol for acute ischaemic
stroke [7]. The protocol is activated on pre-notification by
the emergency medical services (EMS), although some AIS
patients may arrive by other means. Single call activation
prepares the ED, laboratory and computed tomography (CT)
staff for AIS patients’ reception. The attending physician
checks the patient’s medical history, notably for contraindi-
cations to tPA or thrombectomy. The patient is examined
right at the very entrance to the ED, including point-of care
INR (POC INR) testing. The patient is then taken to the
CT room where baseline non-contrast computed tomography
(NCCT) is performed. In the absence of contraindications,
tPA bolus is given in the CT room and computed tomography
angiography (CTA) is performed. If large vessel occlusion
(LVO) is verified, the attending physician contacts the tertiary
hospital. When a decision on potential endovascular treatment
has beenmade, the patient will be transferred by the same EMS
unit. The role of emergency physicians in this is decisive,
and during the first year of implementation we achieved a
median door-to-needle time (DNT) of 20 minutes with good

clinical outcomes [8]. Our ED serves as a primary stroke
centre (PSC) in a secondary care hospital with no on-site
mechanical thrombectomy service. The tertiary hospital with
thrombectomy facilities is situated one hour’s drive away.
Coronavirus disease 2019 (COVID-19) is caused by the

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). During the first months of 2020, the COVID-19 out-
break occurred in Europe [9], overloaded hospitals and se-
riously burdened the resources of EDs [10]. SARS-CoV-2
is a respiratory virus which may affect the central nervous
system although the mechanism remains unclear. The range
of neurological manifestations in patients with COVID-19
varies but these are more common in hospitalized patients
[11]. The most common complications are myalgias, headache
and encephalopathy along with anosmia and ageusia. Acute
cerebrovascular diseases, such as stroke, are emerging as a
severe complication. Cohort studies are reporting stroke in 2-
6% of patients hospitalized with COVID-19 [12].
During the COVID-19 epidemic, a decrease was reported in

the number of AIS patients eligible for reperfusion therapies,
accompanied by increasing delays in DNT and time to EVT as
well as lower reperfusion rates [13–15].
Although our AIS protocol [7, 8] has remained unchanged

during the COVID-19 epidemic, the circumstances may
change. All patients are triaged and screened for COVID-19.
If the suspected AIS patient has symptoms associated with
SARS-CoV-2, the patient is treated in a separate cohort area
in our ED. Examination and treatment are performed with
full personal protective equipment (PPE), likewise laboratory
testing and radiology services in a CT room reserved for cohort
patients. Nasal swab testing for SARS-CoV-2 is performed
immediately after POC INR. Treatment of the patient requires
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TABLE 1. Overview of the cases
Patient Time Symptoms and signs CT Findings Door-to-

CT
Time

Door-to-CTA
Time

Door-to-
Needle
Time

Door-in-
Door-out
Time

Man, 63 years April 2020 Right-side hemiplegia, aphasia,
subtotal facial paresis, ataxia,
ocular deviation, lowered

consciousness

Left
M1-thrombus

5 min. 8 min. 11 min. 21 min.

Man, 81 years May 2020 Right-side hemiplegia, aphasia,
ocular deviation, subtotal facial
paresis, lowered consciousness

Left
M1-thrombus

9 min. 16 min.
(After first
bolus of tPA)

10 min. 19 min.

Man, 82 years July 2020 Left-side hemiplegia, ocular
deviation, neglect, subtotal facial
paresis, lowered consciousness

Right
M2-thrombus

5 min. 7 min. N/A 15 min.

seamless co-operation and concentration of EMS and ED staff
to minimise possible delays in thrombolytic and endovascular
treatments.
Our ultra-fast diagnostic protocol applicable to AIS patients

in PSC settings described above has also been active during
COVID-19. Here we present experiences with the protocol
using three case-studies of patients who received EVT.

2. Case presentations

Case 1, April 2020: The patient was a 63-year-old male.
His medical history included arterial hypertension treated with
candesartan 8 mg once a day as the only regular medication.
On Monday at 19:10, the patient suffered sudden right-

side hemiplegia. He was able to call his wife, who at 19:30
contacted the dispatch centre by dialling 112. After EMS
arrived on the scene, the paramedics consulted an emergency
physician and the stroke protocol [8] was initiated.
The patient arrived at our ED by an ambulance at 20:19.

His primary National Institute of Health Stroke Scale (NIHSS)
score in the ED was 20 points (subtotal facial nerve paralysis
on the right, together with hemiplegic right arm and leg, ocular
deviation to the left, severe aphasia and dysarthria). Blood
pressure was 139/102 mmHg, pulse rate 110 beats per minute
(bpm), saturation 96%, and POC INR 1.1.
NCCT at 20:24 showed no contraindication for thrombolysis

and the first bolus of alteplase was given immediately after the
CTA at 20:30, i.e. eleven minutes after arrival at the ED. The
radiologist on call reported orally that according to the CTA
the patient had thrombus in the M1-segment of the left middle
cerebral artery (M1-thrombus) (Table 1).
Paramedics were awaiting the results, and the patient left

for thrombectomy in Tampere University Hospital at 20:40.
DIDO time was thus 21 minutes (Table 1). There were no
complications due to thrombolysis.
Case 2, May 2020: An 81-year old man had a cardiac VVI

pacemaker due to atrioventricular block, mild aortic sclerosis,
cardiac insufficiency, paroxysmal atrial fibrillation, arterial
hypertension, hypercholesterolemia, type 2 diabetes mellitus
and chronic obstructive pulmonary disease (COPD). He was
an ex-smoker. Last mini-mental state exam score was 27/30.
In spite of his medical history, the patient was in stable mental

health and able to live independently. He had visited the
cardiology outpatient clinic nine days earlier and had been
diagnosed with paroxysmal atrial fibrillation. Direct oral anti-
coagulant (DOAC) medication was then prescribed.
On Monday at 13:15, the patient’s wife had noticed that

he had right-side hemiplegia. The paramedics arrived on the
scene at 13:37 and found that the patient had right-side hemi-
plegia without ocular deviation. After consulting an emer-
gency physician, they initiated the stroke protocol.
The patient was taken to the ED at 14:12. His primary

NIHSS score in the ED was at least 19 points (lowered con-
sciousness, total aphasia, ocular deviation to the left, subtotal
facial nerve paralysis on the right side, together with hemi-
plegic right arm and leg). Due to his severe symptoms, he
could not be tested reliably for neglect, ataxia or visual im-
pairment. Blood pressure was 135/83 mmHg, pulse rate 91
bpm, saturation 94% without oxygen support, blood glucose
8.4 mmol/L, and POC INR 1.2. According to the meticulous
gathering of information from the electronic patient record,
the patient’s wife and the cardiologist who had prescribed the
DOAC,wewere able to conclude that the patient had not begun
DOAC therapy.
NCCT (performed at 14:21) showed no contraindication for

thrombolysis. The first bolus was given at 14:22, i.e. 10
minutes after arriving at the ED. tPA bolus was given and
the CTA was performed at 14:28. According to the oral
information of the radiologist, the CTA confirmed a left M1-
thrombus. At 14:31 with DIDO time of 19 minutes, the
patient left with paramedics for thrombectomy in Tampere
University Hospital (Table 1). There were no complications
due to thrombolysis.
Case 3, July 2020: The patient was an 82-year-old man. Ac-

cording to his medical history, the patient had COPD, operated
aortic valve (bio valve) and chronic atrial fibrillation. He was
in good physical health and able to live independently.
On Thursday at 12:00, the patient suffered a sudden left-

side hemiplegia with ocular deviation to the right. Paramedics
arrived on the scene and confirmed the primary findings. After
consulting an emergency physician, they initiated the stroke
protocol.
The patient arrived at the ED by ambulance at 13:09. His

primary NIHSS score in the ED was 24 points (lowered con-
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sciousness, unable to follow instructions, ocular deviation to
the right, left subtotal facial nerve paralysis, both left-side
extremities were hemiplegic, severe aphasia, severe dysarthria
and neglect). Blood pressure was 184/81 mmHg, pulse rate 91
bpm, saturation 92% without oxygen supplement, and glucose
7.7 mmol/L.
NCCT performed at 13:14 showed no contraindications

for thrombectomy. Due to DOAC usage, thrombolysis was
contraindicated. According to the CTA (oral information
from the radiologist), the patient had right-side M2-thrombus.
Paramedics left the ED at 13:24 to transport the patient for
thrombectomy at Tampere University Hospital (Table 1).

3. Discussion

The three patients presented here were selected as examples
of the functionality of our protocol during COVID-19 epi-
demic. Diagnostic practice for these patients with AIS and
need for EVT were very straightforward without unnecessary
delays. This was possible because of our lean AIS process,
where paramedics, emergency physicians, nurses, laboratory
technicians and the staff of the radiology unit have organized
seamless co-operation [7, 8].
One big provider operates the prehospital EMS of our hos-

pital district with medical leadership run by our ED. This
enables equal training and practices for all paramedics. Every
paramedic is therefore aware of and able to follow our precise
and straightforward stroke protocol.
In our hospital district, primary and secondary heath care in

the public sector have shared electronic health records (EHR).
Data from private health care providers with their own EHR
are available through the National eHealth Archive [16]. The
joint organization, pre-notification from the EMS and the new
e-technology with shared health data enable emergency physi-
cians to familiarize themselves with the history of the stroke
patient prior to arrival at the ED. Further, the single call
activation system enables ED and CT staff to prepare for
the AIS patient’s reception before the patient arrives at the
ED [7, 8]. Together with the medical history and clinical
examination we should distinguish between stroke mimics and
AIS. The process described here with very short DIDOs is in
accordance with the strong recommendations of earlier studies
when aiming at better outcomes for AIS patients with LVOs
[17–19].
Despite the ongoing COVID-19 epidemic, the patients in

this study were treated like any other AIS patients according
to our stroke protocol. None of them had symptoms indicative
of COVID-19. Patients with SARS-CoV-2may be at increased
risk of thrombosis [20–22]. We treat patients with infections,
including COVID-19, in a separate cohort area of our ED.
Whether the time intervals of AIS patients with infections are
comparable to those without is not clear. With other SARS-
CoV-2 suspected or confirmed patients the treatment times are
longer. We suspect the reasons behind this are low resources
and limited preparedness. Personnel, space, equipment and
supplies are limited. Therefore, the patient flow decreases and
the treatment times are increasing.
In patients with emergent LVO, long DIDO time seems to

have a deleterious effect on outcome and may be the most

important modifiable factor in onset to recanalization time in
a PSC [14, 23]. Although longer median times have been
reported [17, 19, 24], it has recently been shown that it is
possible to achieve a median DIDO time of 60 minutes [19].
In this case report on three AIS patients with very short time
intervals, we did not study the median DIDO time, which
may constitute a weakness. We are continuously analysing the
processes of our ED [25–28] including the time intervals of the
AIS patients in order to publish not only median DNTs [7, 8]
but also eventually median DIDO times. According to our data
during the COVID-19 epidemic, there have been 14 patients
with DIDO times. Of these, 43% had shorter DIDO time of
less than 25 minutes.
In conclusion, it is of great importance to diagnose all

patients with acute ischaemic stroke immediately in the emer-
gency department. In a primary stroke centre, patients needing
endovascular treatment should achieve short door-in-door-out
time. Following this principle, our report on three patients
exemplifies efficient co-operation between EMS and the ED
together with a smooth diagnostic process for AIS patients in
the ED.
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