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1. INTRODUCTION
1.1. Research Problem and Relevance of the Study

Stroke is one of the major causes of death and disability-adjusted life
years worldwide (1,2). The incidence of acute ischemic stroke (AIS) and
stroke mortality in Lithuania is amongst the highest in the world (3), in large
part due to a high prevalence and poor control of cardiovascular risk factors
(CV RF) (4,5). Moreover, the largest increase in age-adjusted stroke incidence
and prevalence rates as well as the lowest average annual percentage decrease
in stroke mortality among all European Union countries are expected in
Lithuania (6).

Reperfusion therapy (RT) — thrombolysis using intravenous recombinant
tissue plasminogen activator (IV rtPA) and endovascular treatment (EVT), is
a widely accepted, safe, and cost-effective method to treat AIS with proven
clinical efficacy (7,8). However, its broad implementation in daily clinical
practice is challenging (9-12). In Lithuania, the first thrombolysis with 1V
rtPA was performed after its approval for AIS in 2002, whereas EVT was
introduced to clinical practice in 2012. Although IV rtPA was recommended
as a first-line treatment for AIS according to national guidelines since 2007
(13), the total annual number of IV rtPA remained low across the country.

In 2014, the Ministry of Health (MoH) of the Republic of Lithuania
initiated multiple activities in order to promote and implement modern RT for
stroke patients on the national level (Table 1). The integrated government
support included ministerial orders on the establishment of a national network
of acute stroke centers, the reorganization of AlS patient flow (all acute stroke
patients were obliged to be referred to the nearest acute stroke center directly),
a coordinated inventory of the AIS diagnostic and management methods,
standard requirements for the accreditation of primary stroke centers (PSCs)
and comprehensive stroke centers (CSCs) (14), and the creation of the Stroke
Integrated Care Management Committee (SICMC) under the MoH (15). The
aim of SICMC was to coordinate new financial incentives, which included a
centrally coordinated purchase of rtPA, a retrospective per-case AlS total EVT
expense reimbursement to the healthcare providers, and the lift of the budget
cap for AIS patients. In addition, it collected and monitored data from
emergency medical services (EMS) and stroke treatment sites regarding acute
RT, logistics, use of resources and diagnostic investigations, rehabilitation, in-
hospital complications, case fatality, and other AIS care performance
measures. Quarterly reports were provided to the MoH in order to identify
areas that require improvement in the prehospital and in-hospital settings.
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Table 1. The elements of the Lithuanian comprehensive national stroke care
policy

Non-financial incentives

The establishment of a national network of acute stroke centers

The reorganization of AIS patient flow: all acute stroke patients are
obliged to be referred to the nearest acute stroke center directly

A creation of a coordinated inventory of the AIS diagnostic and
management methods

Standard requirements for the accreditation of PSCs and CSCs

The creation of the Stroke Integrated Care Management Committee
under the Ministry of Health, which aims to:

Coordinate new financial incentives

Collect and monitor predefined AIS care performance
measures from stroke treatment sites

Provide quarterly reports to the Ministry of Health in order
to identify areas that require improvement

Financial incentives

A central coordinated purchase of rtPA

A retrospective per-case AIS total EVT expense reimbursement to
the healthcare providers

The lift of the budget cap for AIS patients

AIS — acute ischemic stroke, PSC — primary stroke center, CSC — comprehensive
stroke center, rtPA — recombinant tissue plasminogen activator, EVT — endovascular
treatment.

In prehospital care, a crucial role in identifying acute stroke is played by
EMS (16), which are the first healthcare contact for the absolute majority of
stroke patients (17,18). Accurate recognition and timely transport of patients
with suspected stroke to CSCs are closely correlated with acute stroke care
success (18,19), as any delay in administering 1V rtPA and EVT negatively
impacts patients’ functional outcomes (20). Thus, positive predictive value
(PPV) for the identification of stroke patients and prehospital timeliness
metrics are some of the most important EMS performance indicators.

12



However, the process of clinically identifying stroke is still the most
significant challenge for EMS, as a percentage of stroke mimics reaches up to
50% (21,22). Consequently, stroke mimics utilize the limited resources of
acute stroke care pathways that might otherwise be directed towards the actual
stroke patients who may benefit from acute time-sensitive revascularization
therapies the most (23). This may result in inappropriate usage of stroke care
facilities and medical resources and increase the workload on overwhelmed
emergency department (ED) personnel (24,25). Of concern, the stroke mimic
number in stroke care systems is expected to increase due to demographic
changes in the coming decades (26). Therefore, it is crucial to continuously
improve EMS performance in early stroke recognition.

A number of stroke care quality indicators have been identified for in-
hospital stroke care as well (27). They offer proxy measures for the
implementation of clinical evidence into real-world clinical practice. Among
others, they include the rate of admission to specialized stroke units, the rate
of RT, the use of oral anticoagulation (OAC), and in-hospital timeliness
metrics (28-30). However, the application of the latest stroke care guidelines
into routine practice is challenging, and regular monitoring is important (31).
In turn, this leads to evidence of better patient outcomes (27,32). In Lithuania,
the role of monitoring stroke care performance has been assigned to SICMC,
which keeps tabs on all Lithuanian stroke centers quarterly.

Finally, external factors, such as international public health crises, could
also profoundly impact the continuum of stroke care measures. During the
writing of this doctoral dissertation, a decreasing number of stroke admissions
observed during the severe acute respiratory coronavirus 2 (SARS-CoV-2)
outbreak causing the coronavirus disease 2019 (COVID-19) pandemic raised
the concern of suboptimal prehospital identification and referral of acute
illnesses (33-36). The first two state-wide lockdowns have been the subject
of this doctoral dissertation.

Soon after identifying the first COVID-19 case in Lithuania, a strict
national lockdown was declared on 16 March 2020 (37). Interestingly, in
Lithuania, the community spread and death toll due to COVID-19 during the
first wave of the pandemic remained exemplarily low (a total of 1,775
infections and 76 deaths by 16 June 2020) (38). However, strict restrictions
on public life and reduced access to healthcare services, including primary
care and preventive programs (37), as well as public fear of coronavirus, have
affected stroke care.

In contrast, during the second national lockdown, extraordinarily many
COVID-19 cases were diagnosed throughout the country, including patients
with AIS. Despite thousands of daily new confirmed cases and the need for
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reallocation of specific healthcare resources, stroke services were operating in
all major stroke centers across the country throughout the pandemic at full
capacity. Both IV rtPA and EVT were used continuously for AIS in COVID-
19 patients. However, data on the safety and outcomes of RT in the COVID-
19 population have been scarce.

This thesis is based on five published research articles. Its overall aim is
to examine the effects of a comprehensive national policy, stroke
characteristics, and external factors on multiple stroke care performance
measures in Lithuania. Paper I analyzes how a comprehensive national policy
impacts AIS patients® RT rate and its in-hospital timeliness. Paper 11
investigates the effects of interactive EMS training on AIS recognition
accuracy and prehospital timeliness metrics. Paper 111 analyzes AIS patients’
adjusted case-fatality, functional outcome, and health-related quality of life
(HRQoL), depending on if they have received RT. Paper IV evaluates the
impact of the COVID-19 lockdown on stroke incidence, prehospital stroke
triage quality, and distribution of stroke mimics. Finally, paper V evaluates
the case fatality of COVID-19 patients with AIS treated with RT. The
summary of study designs, study populations, and outcomes for the papers
included in the doctoral dissertation are shown in Figure 1 and Table 2.
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HRQoL - health-related quality of life.

Figure 1. Summary of the doctoral dissertation. The roman numerals represent the paper of the doctoral dissertation, in which the

particular outcome is analyzed.
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Table 2. Summary of study designs, study populations, and outcomes for the published papers

Paper 1 Paper 11 Paper 111 Paper IV Paper V
Study design Retrospective ITS study Prospective ITS study  Prospective observational Prospective Retrospective pair-matched
study observational study case-control study
Scope Lithuania Vilnius University Vilnius University Vilnius University Lithuania
Hospital Hospital Hospital
Study population Acute ischemic stroke ~ EMS suspected or Acute ischemic stroke All suspected stroke/TIA Acute ischemic stroke
patients hospital confirmed patients patients patients with COVID-19
stroke/TIA patients undergone RT
Population size 179,520 916 238 719 62
Intervention Comprehensive national Interactive EMS training None COVID-19 lockdown None

stroke care policy

Observation period From January 1, 2006
to December 31, 2019

RT outcomes (1) IV rtPA rate;
(2) EVT rate;
(3) Mean DTN time

From March 1, 2019 From December 1, 2018

to March 15,2020 to July 31, 2019
(four non-consecutive
months)
(1) PPV for (1) 1-year case fatality;
identification of stroke ~ (2) mRS 0-2 at 90 days;
patients; (3) HRQoL at 90 days
(2) Onset-to-door time
<90 min

From December 1, 2019
to June 16, 2020

(1) Stroke alert rate;

(2) Stroke admission
rate;

(3) Stroke mimic pattern

From March 15, 2020
to June 30, 2021

(1) 90-day case fatality
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Controls None Adjusted for age, sex,  Adjusted for age, gender, None Adjusted for age,

and EMS location (urban cardiovascular risk hypoxemia, baseline NIHSS
vs. suburban) factors, baseline score, COVID-19 infection,
functional status, and total WBC count, and CRP
baseline NIHSS score concentration
Statistical analysis Analysis of ITS Adjusted logistic Multivariate Cox Poisson regression, Adjusted logistic regression
regresion temporal regression models regression, adjusted Mann—Whitney U, model
trends, immediate trend logistic regression, and ~ Chi-square test
change, and difference multiple linear regression
between the pre- and models

post-intervention slopes

ITS — interrupted time series, EMS — emergency medical services, TIA — transient ischemic attack, COVID-19 — coronavirus disease 2019, RT —
reperfusion therapy, IV rtPA — intravenous thrombolysis using recombinant tissue plasminogen activator, EVT — endovascular therapy, DTN —
door-to-needle, PPV — positive predictive value, mRS —modified Rankin scale, HRQoL — health-related quality of life, NIHSS — National Institutes
of Health Stroke Scale, WBC — white blood cells, CRP — C reactive protein.
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1.2. Research Aims

The aim of this thesis was to evaluate the effects of a comprehensive
national policy, stroke characteristics, and external factors on multiple stroke
care performance measures, reflecting access to and outcomes of RT for AIS
patients.

1.3. Research Objectives

1. To evaluate the effects of a comprehensive national policy on AIS
patients” RT rate and its in-hospital timeliness across Lithuania (paper 1);

2. To evaluate the effects of interactive EMS training on AIS recognition
accuracy and prehospital timeliness metrics (paper I1);

3. To evaluate the effects of RT on AIS patients’ 1-year case fatality as
well as functional outcome and HRQoL at 90 days, adjusted for stroke
characteristics (paper I11);

4. To evaluate the impact of COVID-19 lockdown on stroke alerts and
stroke admissions, as well as the distribution of stroke mimics (paper 1V);

5. To evaluate the case fatality of RT in COVID-19 patients with AIS at
90 days (paper V).

1.4. Scientific Novelty

This doctoral research marks the first attempt to demonstrate how
integrated efforts of leading stroke specialists, government support, and a
balanced stroke care network could be associated with a breakthrough of
modern RT for AIS patients in a very high cardiovascular risk region. In
addition, previous stroke education interventions in prehospital care have
provided mixed results. Following European (19) and North American
guidelines (39), it is crucial to systematically assess the effectiveness of
specific stroke education interventions and maintain the continuity of EMS
education. Our research prospectively evaluates the effect of interactive EMS
training on stroke recognition accuracy and the continuum of stroke care
metrics. Moreover, it provides novel knowledge on the impact of the state-
wide lockdown on prehospital stroke care in low COVID-19 incidence
settings and helps guide care delivery strategies during public health
emergencies. Lastly, it is one of the few studies on a national scale to
investigate long-term outcomes in COVID-19-positive stroke patients who
have undergone RT.
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1.5. Practical Value of the Study

There is a paucity of studies examining acute stroke care performance in
very high cardiovascular risk populations, such as the Baltic states (40). Our
nationwide analysis includes all Lithuanian AIS cases, which enables us to
elucidate the overall country-wide real-world trends in acute stroke care
outcomes. Moreover, it creates a rationale for educational interventions for
different stroke care personnel, i.e. nurses, ED personnel, and rehabilitation
specialists, in order to improve overall patient outcomes. Finally,
understanding the impact of state-wide lockdown measures on acute stroke
care is crucial to improving healthcare systems’ coordination during public
health emergencies. There are currently few studies evaluating stroke care in
low COVID-19 incidence settings (41,42) and no studies addressing its impact
on prehospital stroke triage. A large representative population of an urban
academic center covering one-third of the entire country allows for the
generalizability of our findings to similar healthcare systems for future
considerations in decision-making during public health emergencies.

1.6. Defended Statements

1. The enactment of a comprehensive national stroke care policy leads to
significant trend improvements in RT rates and its timeliness (paper 1);

2. Interactive EMS training significantly improves the accuracy of stroke
patient recognition and their prehospital transport time (paper I1);

3. RT improves AIS patients’ 90-day functional outcome and HRQoL,
but not patient survival, when adjusted for different stroke characteristics
(paper I111);

4. The COVID-19 lockdown measures are associated with decreased
stroke alerts and admissions, and changes in the pattern of conditions
mimicking stroke (paper 1V);

5. COVID-19 is a significant predictor for poorer 90-day patient survival
in AlS patients after RT (paper V).
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2. LITERATURE REVIEW
2.1. Prehospital Stroke Care

Stroke is a life-threatening condition in which prompt and accurate
diagnosis is essential for successfully implementing reperfusion therapies
(43). EMS play a crucial role in early recognition, as they are the first-line
providers in about two-thirds of stroke patients (44). Although EMS use by
stroke patients is associated with earlier ED arrival, quicker evaluation, and
more rapid treatment, how healthcare providers respond to stroke remains an
essential factor in explaining prehospital delays (43). Fast and correct stroke
diagnosis facilitates an early transfer to stroke-ready hospitals, reduces the
volume of stroke mimics, and improves outcomes of acute stroke.

Intensive efforts are made to improve the quality of early stroke care.
Training programs for EMS staff in simulated neurological environments
increase knowledge on awareness of time-sensitive medical emergencies
(43,45-50). The hospital prenotification has improved in-hospital timeliness
metrics and increased 1V rtPA rates (39). In addition, prehospital stroke scales
and screening methods for EMS staff have been introduced to allow for a more
objective stroke identification (e.g., Face Arm Speech Time test (FAST), Los
Angeles Motor Scale, Cincinnati Prehospital Stroke Scale) (51,52). Moreover,
specific scales for large vessel occlusion (LVO) stroke were developed to
facilitate the identification of candidates for EVT (53). Given the changing
landscape of prehospital stroke identification, a continuous educational effort
is required to ensure the optimal implementation of prehospital stroke
protocols.

Stroke education interventions in prehospital care have provided mixed
results. A large multicenter randomized control trial in the United Kingdom
did not show any benefit on the IV rtPA rate. Surprisingly, the onsite care
duration was prolonged in the EMS group that applied an enhanced stroke
assessment protocol (54). On the other hand, several interventions increased
the accuracy of stroke identification, the number of patients who underwent
RT, and significantly reduced the time from the symptom onset to hospital
arrival (45-47,49,55). Furthermore, the duration of the training effects
remains unknown (56). Following European (19) and North American
guidelines (39), it is crucial to systematically assess the effectiveness of
specific stroke education interventions and maintain the continuity of EMS
education.
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2.2. Comprehensive National Stroke Care Policy

There are worldwide inequalities in acute stroke care, which are also
evident within the European region. In many Eastern European countries, the
access to and delivery of acute stroke care was more often shown to be
insufficient as compared to Northern and Western European countries (57).

Translating evidence-based guidelines into the real-world clinical setting
has proven to be a difficult task. To facilitate this process, ample key
performance indicators have been proposed to monitor the quality of stroke
care (27). Local and international stroke care registries have been widely
employed, as they have been shown to increase the provision of evidence-
based care (58,59). In Lithuania, stroke-ready hospitals have previously been
using different international registries, such as the Kaunas population-based
stroke registry (60), the Safe Implementation of Treatments in Stroke
International Stroke Treatment Registry (SITS-ISTR) (61), and the Registry
of Stroke Care Quality (RES-Q) (62). However, due to being time-consuming
and labor-intensive, the data collection process was limited to specific stroke
patient populations and short time periods. In contrast, quarterly reporting of
key performance indicators to SICMC has been mandatory for all Lithuanian
stroke centers continuously ever since its establishment in 2014. However, its
data have not been previously published.

There have been several recent attempts to describe national policies of
stroke care reorganization that led to improved access to RT in Eastern and
Central European countries, although few analyses included pre-intervention
trends (63-66). For example, a publication describing policy processes in the
Czech Republic has shown positive trends in multiple stroke care quality
indicators, i.e. the number of patients treated with intravenous thrombolysis
guadrupled in eight years after reorganization, with 26.4% of all AIS patients
receiving intravenous rtPA in 2018 (67). However, the impact of the
comprehensive national stroke care policy in Lithuania has not been analyzed
in the scientific literature to date.

2.3. Stroke and COVID-19

In December 2019, a cluster of patients with pneumonia caused by
SARS-CoV-2 was first described in Wuhan, China. Due to the vast spread of
the virus across the globe, a pandemic was declared in March 2020. A
decreasing number of stroke admissions observed during the COVID-19
pandemic raised the concern of suboptimal prehospital identification and
referral of acute illnesses (33-36). The substantial strain imposed by the
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pandemic on the medical systems worldwide caused significant concern
regarding the potential ramifications on acute stroke care (68,69).

Soon after identifying the first COVID-19 case in Lithuania, a strict
national lockdown was declared on 16 March 2020 (37). Interestingly, in
Lithuania, the community spread and deaths due to COVID-19 during the first
wave of the pandemic remained exemplarily low (a total of 1,775 infections
and 76 deaths as of 16 June 2020) (38). However, strict restrictions on public
life and reduced access to healthcare services, including primary care and
preventive programs (37), as well as public fear of the coronavirus, might have
affected stroke care. Understanding the impact of state-wide lockdown
measures on acute stroke care is crucial to improving healthcare systems’
coordination during public health emergencies. There are currently few
studies evaluating stroke care in low COVID-19 incidence settings (41,42)
and no studies addressing the impact on prehospital stroke triage.

Ever since, a growing number of publications regarding extrapulmonary
manifestations of COVID-19 arose. Neurologic manifestations of both the
central and the peripheral nervous system described included COVID-19
encephalitis, acute disseminated encephalomyelitis, epileptic seizures,
neuromuscular symptoms, acute demyelinating polyneuropathies, and their
variants, as well as acute cerebrovascular syndromes (70-76). It has been
postulated that COVID-19 patients are at an increased risk for stroke, although
the true causality is yet uncertain (77).

Despite thousands of daily new confirmed cases and the need for
reallocation of specific healthcare resources, emergency stroke services were
operating in all major stroke centers across the country throughout the
pandemic at full capacity. Both 1V rtPA and EVT were used continuously for
AIS in COVID-19 patients. However, data on the safety of RT in the COVID-
19 population are scarce.
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3. RESEARCH DESIGN AND METHODS
3.1. Ethical Approval

The five papers on which this thesis was based differed in research
methodology. Therefore, multiple ethical approvals were sought. All research
was conducted in accordance with the Declaration of Helsinki. The main
protocol of the study was approved by the Lithuanian Bioethics Committee
(protocol code number L-22-08/1-9).

For paper | data have been collected as part of routine clinical practice
and monitoring from all active Lithuanian CSCs and PSCs by the Institute of
Hygiene and the SICMC. Aggregated anonymized publicly available data on
all AlS cases treated in Lithuanian hospitals between 2006 and 2019 were
obtained retrospectively; therefore, there was no need for specific informed
consent, and approval of the Ethics Committee was not required.

For paper 11 and 1V the studies were in addition approved by the Vilnius
Regional Bioethics Committee (protocol code number 1170), whereas the
studies in paper IlIl and paper V were additionally approved by the
Lithuanian Bioethics Committee (protocol code numbers L-14-03/1-6 and L-
21-06, respectively).

3.2. Stroke Treatment in Lithuania

In Lithuania, acute stroke care hospitals are categorized into CSCs, PSCs,
and NHs, according to available reperfusion treatment. Both EVT and IV rtPA
are available in CSCs 24/7 for patients with acute stroke, whereas PSCs offer
IV rtPA only. The distribution of the six Lithuanian CSCs and the five PSCs
with isochrone distances of time it takes to reach the closest stroke-ready
hospital on a Sunday evening by car is shown in Figure 2.
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Figure 2. The distribution of Lithuanian primary and comprehensive stroke centers (PSCs and CSCs) and isochrone distances to
reach them.
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Throughout Lithuania, emergency medical care is provided free of charge
to everyone, regardless of health insurance status. EMS staff includes a
certified medical specialist — a nurse or a paramedic — who decides whether a
patient needs to be taken to a CSC. The FAST scale is uniformly used for the
identification of a suspected stroke/transient ischemic attack (TIA) (16). The
national stroke triage guidelines require direct transport of all suspected stroke
cases to the stroke-ready hospitals with IV rtPA or EVT capability, bypassing
regional hospitals irrespective of the time from symptom onset. Alternatively,
any primary care or specialist physician can refer a patient directly to the ED,
in case of suspected stroke.

Vilnius University Hospital Santaros Klinikos (VUH SK) is one of the
two CSCs in Eastern Lithuania with a catchment population of 945,000 (78),
served by one EMS agency in urban and seven in suburban municipalities. In
2020, the EMS agencies were staffed by 331 specialists (217 in urban and 114
in suburban locations) and transported ~20,400 patients (79).

3.3. Study Design and Data Source

The five papers on which this thesis was based differed in study design
and data sources: paper | had a retrospective interrupted time series (ITS)
design, paper Il was a prospective ITS study, papers Il and IV were
prospective observational studies, whereas paper V had a retrospective pair-
matched case-control design.

For paper | two data sources were used. Firstly, aggregated data on all
AIS cases treated in Lithuanian hospitals between 2006 and 2019 were
retrospectively obtained from the Institute of Hygiene — an institution that
manages public health registers and is responsible for the monitoring of the
Lithuanian population’s health, health care activities, and resources (80). The
dataset included the total number of AIS (corresponding to the International
Statistical Classification of Diseases and Related Health Problems, 10th
revision, Australian Modification, code 163), the number of AIS cases treated
in Lithuanian CSCs, PSCs, and nonspecialized hospitals (NHs), their gender,
age group, place of residence, days spent in hospital, and in-hospital case
fatality. The full description of the statistical research methodology of how the
dataset was obtained and how its completeness and patient anonymity were
secured is available online (81).

Secondly, the data on the number of RTs performed were collected from
the SICMC. Since the establishment of the SICMC in 2014, every quarter all
active Lithuanian CSCs and PSCs were obliged to report to it aggregated
anonymized data on the predetermined stroke care performance measures,
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consistent with the information from their hospital information systems.
Among others, these include the total number of RT procedures (IV rtPA and
EVT) in each hospital and their mean door-to-needle (DTN) time. The full list
of performance measures, developed in accordance with the best practice
recommendations of the international guidelines (82,83) and adapted to meet
the local needs, is shown in Table 3.

Table 3. List of performance measures collected by the Lithuanian Integrated
Care Management Committee quarterly

Pre-hospital stroke care quality measures

Percentage of patients with acute focal neurological symptoms
screened for stroke with FAST test

Percentage of patients with suspected AlS, transported to a stroke
center witin 1 hour of EMS notification

Percentage of patients with suspected AIS transported directly to a
stroke center

Positive predictive value for all EMS stroke alerts

Emergency Department stroke care quality measures

Percentage of patients with suspected AlS, to whom imaging (CT,
MRI) was performed and evaluated within 30 minutes of arrival to
ED

Inhospital stroke care quality measures

Number of patients treated with TV rtPA

Percentage of patients, treated with IV rtPA (out of all hospitalized
AIS patients)

Number of patients treated with EVT

Percentage of patients, treated with EVT (out of all hospitalized AIS
patients)

Number of patients treated with both TV rtPA and EVT (out of all
hospitalized AIS patients)

Percentage of patients, treated with both TV rtPA and EVT (out of all
hospitalized AIS patients)

Mean DTN time (minutes)
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Percentage of patients, treated with TV rtPA within 60 minutes

Percentage of patients, undergone dysphagia screening within 4
hours of hospitalization (out of all hospitalized AIS patients)

Percentage of patients, seen by a Rehabilitation specialist within 24
hours (out of all hospitalized AIS patients)

Percentage of patients, to whom rehabilitation procedurs were
initiated within 72 hours (out of all hospitalized AIS patients)

Total number of hospitalized AIS patients
Total number of deaths due to AIS
Percentage of AIS patients, who died in hospital

Percentage of patients with persistent urinary dysfunction,
investigated and treated for underlying causes (out of all hospitalized
AIS patients)

Percentage of patients, referred for subsequent rehabilitation (out of
all hospitalized AIS patients)

Percentage of patients and their realatives, who received written
information on stroke diagnosis, stroke treatment plan, and practical
stroke patient care recommendations

FAST — Face Arm Speech Time, AIS — acute ischemic stroke, EMS — emergency
medical services, CT — computed tomography, MRI — magnetic resonance imaging,
ED — emergency department, IV rtPA — intravenous thrombolysis using recombinant
tissue plasminogen activator, EVT — endovascular therapy, DTN — door-to-needle.

For papers Il and IV the data were derived from a prospectively
collected stroke registry of VUH SK. The collected data were compared
among two periods — before and after interactive EMS training in paper Il,
and before and during COVID-19 lockdown in the case of paper IV.

For paper 111 a prospective observational study was carried out for four
full non-consecutive months to account for seasonal differences. All patients
with AIS, treated in VUH SK were included. Either AIS patients or their
caregivers who could participate in a telephone-based follow-up were
surveyed 90 days after stroke onset using the modified Rankin Scale (mRS).
In addition, the EuroQoL five-dimensional three-level descriptive system
(EQ-5D-3L) with a self-rated visual analog scale (EQ-VAS) was used as a
self-reported measure of HRQoL. Information on all-cause patient case
fatality, including the date of death, was obtained retrospectively from
electronic health records one year after stroke onset. It is mandatory to issue
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all death certificates electronically in Lithuania (84); therefore, precise
information on all patients was available.

Finally, the data for paper V were extracted retrospectively from
electronic health records of all of the Lithuanian CSCs.

Table 2 summarizes the study designs, statistical methods, and selected
outcomes.

3.4. Study population

For paper I, the study population included all AIS cases treated in
Lithuanian hospitals between 2006 and 2019 depending on their treatment
location (CSC, PSC, or NH).

For papers Il and IV we collected data on suspected stroke or TIA
patients referred to the ED of VUH SK. Data on false negatives, i.e. stroke
cases that were not identified by the EMS or referring physicians, were also
collected. Paper 111 included all AlS patients treated in VUH SK for four full
non-consecutive months.

In paper V we included AIS patients with diagnosed acute COVID-19
infection prior to or on admission to a CSC, treated with RT (IV rtPA, EVT,
or both). COVID-19 status was confirmed by a nasopharyngeal swab SARS-
CoV-2 real-time polymerase chain reaction (RT-PCR). Patients who
recovered from COVID-19 according to the epidemiological criteria at the
time of index AIS were excluded from the analysis despite having a positive
SARS-CoV2 RT-PCR test result. Each patient from the subject group was
weighted against a control. All control patients were treated in one of the 6
Lithuanian CSCs during the study period and were not concomitant with a
COVID-19 infection. In addition, control subjects were matched for age (5
years), gender, stroke arterial vascular territory, and type of reperfusion
therapy (IV rtPA, EVT, or both). To avoid selection bias, cases for this group
were collected by independent stroke physicians, who were not part of this
study, and were only informed about matching criteria.

3.5. Interventions

Three papers examined the effects of certain interventions on stroke-
related outcomes. Paper | dealt with the impact of a comprehensive national
stroke care policy, paper 11 examined the effects of interactive EMS training,
whereas paper 1V analyzed the impact of a low COVID-19 incidence state-
wide lockdown.
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3.6. Outcomes

For paper I, the impact of the comprehensive national policy, enacted in
2014, on six different stroke-related outcomes was evaluated. The outcome
measures relevant for this doctoral thesis included the difference between the
pre- and post-intervention slopes in the proportion of patients who received
treatment with 1V rtPA and EVT, and post-interventional DTN time trend.

Paper II evaluated the impact of interactive EMS training on seven
different stroke-related outcomes. The outcome measures relevant for this
doctoral thesis included the PPV for the correct identification of stroke
patients and the rate of onset-to-door time <90 min.

The main outcomes for paper 111 were all-cause 1-year case fatality, a
favorable functional outcome at 90 days (mRS <2), and self-reported HRQoL
at 90 days, measured by the EQ-5D-3L index score and EQ-VAS.

In paper IV the main outcomes have been the rates of stroke alerts and
stroke admissions, as well as changes in the distribution of stroke mimics.

To investigate the effects of clinical and laboratory factors (evaluated on
admission) on the likelihood of 90-day case fatality after stroke and RT,
multivariate logistic regression models were built in paper V.

The flowchart of the doctoral dissertation with all relevant outcomes is
summarized in Figure 1.

3.7. Statistical Analysis

In paper I, using an ITS analysis we evaluated the yearly time trends of
the outcome measures before and after the introduction of a comprehensive
national stroke care policy in 2014 (85,86). The analysis was performed using
the following regression equation: Y= o + B1 Tt + B2X¢ + B3Pt + &, where Yt
is the aggregated outcome at time t (year), Tt is the time (years) since the start
of the study period, X: is the dummy variable representing the period after the
introduction of a comprehensive national policy, P: is a continuous variable
indicating time (years) since this intervention (P; is equal to O before
intervention), Po is the intercept, B is the slope prior to the intervention, B2 is
the change in level in the period immediately following the intervention, and
Bs is the difference between the pre- and post-intervention slopes. The
standard errors (SE) were calculated.

In paper 11, before the EMS training, baseline trends in monthly EMS
performance and hospital-based outcomes were assessed using univariate
linear regression and the y2 test for trend. We performed multivariable logistic
regression models to assess the association between the training and EMS
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performance and in-hospital outcome measures. To account for potential
confounding effects of age, sex, EMS location, and stroke subtype where
appropriate, we used the hybrid backward/forward stepwise selection using
the Akaike information criterion (87), removing variables with a
nonsignificant (P > 0.05) association. Age was forced into all models as an a
priori confounder.

Univariate and multivariate Cox regression analyses were performed to
determine the prognostic implications of each variable on patient death in
paper Ill. “Time 0” for survival analyses was the date of hospitalization for
the index stroke event. Variables investigated included AF, age, gender,
presence of reperfusion treatment, favorable baseline functional status (MRS
<2), and baseline NIHSS. Variables with P < 0.1 on univariate analysis were
entered into the multivariable model. The hazard ratios were presented with
their 95% confidence intervals (95% CI). In addition, both unadjusted and
adjusted logistic regression analyses were performed with a favorable
functional outcome (MRS <2) as the dependent variable. The adjusted logistic
analyses were performed using stepwise forward selection, based on
significant variables in the adjusted models. Finally, multiple linear regression
was used to estimate the associations between the independent variables (age,
gender, AF, reperfusion treatment, favorable baseline functional status, and
baseline National Institutes of Health Stroke Scale (NIHSS)) and HRQoL,
represented by EQ-VAS and EQ-5D-3L index scores.

In paper 1V, individuals were categorized into groups by referral type
(EMS and referring physician) and periods (before and during the lockdown).
At first, we evaluated the stroke presentation rates during different periods and
with different providers. We then used Poisson regression models with the
daily counts of stroke alerts and stroke admissions as dependent variables and
the study period as an independent variable. Second, we evaluated the
distribution of stroke mimics between different healthcare providers and
periods.

In paper V, the significant predictors in the univariate analysis (P < 0.1)
were included in the multivariate analysis, and the entered method was applied
for the logistic regression model to determine the predictors for a 90-day case
fatality after stroke. The odds ratio (OR) and 95% Cls were calculated.
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4. RESULTS
4.1. Paper | — Comprehensive National Stroke Care Policy

Altogether, 114,436 cases were treated for AIS in Lithuanian hospitals
before the government intervention, and 65,084 during the study period after
it. The proportion of AIS patients, treated with IV rtPA, out of all AIS cases
increased from 1.5% (or 197 overall cases) in 2013 to 12.6% (or 1,219 overall
cases) in 2019 — a sixfold absolute and an eightfold relative increment.
Similarly, there was an increase in the number of EVTs performed from 10
cases or 0.1% out of all AIS in 2013 to 518 cases or 5.4% out of all AIS in
2019 (Table 4, Figure 3). Only the proportion of patients treated with IV rtPA
increased statistically significantly immediately after the implementation of a
comprehensive national policy in Lithuania (% = 1.32 = 0.38, P = 0.006),
whereas, a significant change in trend in the period following it was observed
for both the proportion of patients treated with 1V rtPA (3 =1.42+0.96, P <
0.001) and with EVT (£ =0.85+ 0.05, P < 0.001).

Table 4. Temporal changes in stroke care quality measures before and after
the implementation of a comprehensive national stroke care policy in
Lithuania (years 2006 through 2019)

Regression coefficient,

Stroke care quality measure (SE) + P value
Proportion of patients treated with IV rtPA
Period before intervention, S 0.185 (0.052) 0.005
Immediately after intervention, £ 1.320 (0.382) 0.006
Period after intervention, 1.421 (0.959) <0.001
Proportion of patients treated with EVT
Period before intervention, S 0.009 (0.026) 0.742
Immediately after intervention, 5 —0.134 (0.188) 0.492
Period after intervention, 0.845 (0.047) <0.001
Mean door-to-needle time i
Period after intervention, 4 —5.276 (0.002) <0.001

SE - standard error, 1V rtPA — thrombolysis using intravenous recombinant tissue
plasminogen activator, EVT — endovascular treatment.

+ A, P, and S indicate the slope prior to intervention, change in level immediately
following the intervention, and difference between the pre- and post-intervention
slopes, respectively.

1 Only post-intervention values available.
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Figure 3. Temporal trends in (A) rate of thrombolysis using intravenous recombinant tissue plasminogen activator (IV rtPA), (B)
endovascular treatment (EVT) rate, and (C) post-intervention mean door-to-needle (DTN) time. The dashed lines represent the
regression lines. The green lines represent targets, where applicable. The comprehensive national stroke care policy in Lithuania was

implemented in 2014 (vertical dashed line).
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In addition, there was a statistically significant decreasing trend in mean
DTN time within the Lithuanian CSCs and PSCs since 2014, when it was
started to be recorded (/. =-5.28 = 0.002, P < 0.001) (Figure 3), by almost 5
minutes on average annually, from 68 minutes in 2014 to 43 minutes in 2019.

4.2. Paper Il — Interactive Emergency Medical Services’ Training

In total, 677 suspected strokes (73.9%) were admitted to the ED,
comprising 509 true positives (55.6%) and 168 false positives (18.3%). In
contrast, the EMS did not recognize 239 (26.1%) strokes, labeled false
negatives or stroke chameleons. The study groups before and after the training
were balanced in terms of demographics, stroke subtype, and baseline NIHSS.
Urban EMS providers transported 500 patients (54.6%), whereas suburban
EMS transported 416 (45.4%).

We did not identify any trends in EMS performance or prehospital care
metrics during the six months before the EMS training; thus, next we assessed
the impact of EMS training on these metrics.

In the pairwise comparison, the PPV for the identification of AIS patients
was significantly higher in the post-training period (79.8% [75.1-84.4] vs.
71.8% [67.3-76.3], P = 0.017). Multivariable logistic regression showed
improved odds of stroke identification (PPV) (Table 5), which remained
significant after adjusting for age, sex, and EMS location (adjusted OR 1.6
[1.1-2.4]). Furthermore, we observed improved odds of patient arrival within
90 minutes of stroke onset (adjusted OR 1.6 [1.1-2.5]), driven by an
improvement in OTD <90 min time in urban EMS (41.1% [33.5-49.0] pre-
vs. 56.8% [46.4-66.7] post-training, P = 0.019).
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Table 5. Logistic regression models showing the association between
emergency medical services (EMS) training and acute stroke care
performance measure and hospital-based outcomes, relevant for the doctoral
dissertation

Outcome Unadjusted Adjusted f
OR (95% CI) OR (95% CI)
E%ﬁé‘:&%‘;ﬁ?&i:&"ke 1.0 (0.7-1.4) 1.0 (0.7-1.4) 1
:)tl:z;i";;gza:iﬁcaﬁ““ of 1.6 (1.1-2.2) * 1.6 (1.1-2.4) *
Onset-to-door time <50 1.4 (1.0-2.1) 1.6 (1.1-2.5) + *

min

OR - odds ratio, CI — confidence interval, PPV — positive predictive value.
1 Adjusted for age, sex, and EMS location (urban vs. suburban).

1 Aditionally adjusted for stroke type.

* P<0.05

There was no significant baseline difference in PPV values between
urban and suburban EMS (Figure 4). However, after the training, the PPV
improved in the urban EMS group (84.9% [78.9-90.8] vs. 71.2% [65.1-77.2],
P =0.003), but not in the suburban EMS (75.0% [68.0-82.0] vs. 72.6% [66.0—
79.2], P = 0.621).
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Figure 4. Emergency medical services (EMS) performance before and after EMS training in a) positive predictive value (PPV) for
identification of stroke patients, and b) onset-to-door time <90 min rate.
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Shorter overall median onset-to-door time was observed in patients
referred by urban EMS (93 [67-159] min vs. 137 [89-269] min, P < 0.001),
and more urban patients reached the CSC within 90 min (46.9% [40.6-53.2]
25.3% [19.7-31.8], P < 0.001) compared to the suburban EMS. After the
training, there was a weak trend for improvement of the absolute onset-to-
door time (84.5 min vs. 108.0 min, P = 0.074) and a significant improvement
in onset-to-door <90 min rate in the urban EMS (70.5% [60.2—79.0] vs. 41.1%
[33.5-49.0], P = 0.019), but not suburban EMS group (28.0% [19.9-37.8] vs.
22.8% [15.7-31.9], P = 0.406) (Figure 4).

4.3. Paper Il — Long-term Outcomes of Reperfusion Therapy

Overall, 238 AIS patients with a mean age of 71.4 = 11.9 years were
included, of which 45.0% were female. In univariate Cox regression analysis,
age (P < 0.001), presence of AF (P < 0.001), baseline favorable functional
status (P < 0.001), and baseline NIHSS (P < 0.001) were found to be
significant factors that have influence on overall stroke patient survival (Table
6). However, in the multivariable model, only age (P = 0.007), and baseline
NIHSS (P < 0.001) contributed significantly.

Table 6. Univariate and multivariable Cox regression analysis for overall
survival of stroke patients

Univariate Multivariable f
Covariates HR(95%CI) P HR(95%CI) P
value value

Age 1.05 (1.03-1.07) <0.001 1.03 (1.01-1.06)  0.007
Gender Female 1.00 (reference)

Male 0.69 (0.43-1.11) 0.125
Atrial fibrillation No 1.00 (reference) 1.00 (reference)

Yes 2.33 (1.44-3.75) <0.001 1.27 (0.74-2.19)  0.385
Reperfusion No 1.00 (reference)
treatment Yes 1.18 (0.73-1.90)  0.507
Baseline mRS <2 No 1.00 (reference) 1.00 (reference)

Yes 0.33 (0.19-0.59) <0.001 0.56 (0.30-1.05) 0.072
Baseline NTHSS 1.13 (1.10-1.17) <0.001 1.11 (1.07-1.14) <0.001

HR — hazard ratio, CI — confidence interval, mRS — modified Rankin Scale, NIHSS
— National Institutes of Health Stroke Scale.
+ Akaike information criterion = 550.9
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A total of 133 out of 186 surviving patients or caregivers completed the
mRS survey at 90 days; 58.6% of respondents had an mRS score <2 and were
considered to be able to look after themselves without daily assistance. In a
multivariable binary logistic regression analysis the presence of reperfusion
treatment (OR 3.91 [95% CI 1.66-10.05], P = 0.003) and the baseline NIHSS
score (OR 0.82 [95% CI 0.73-0.90], P < 0.001) were the only two significant
factors that statistically significantly influenced the favorable functional
outcome (MRS <2) (Table 7).

Table 7. Unadjusted and adjusted binary logistic regression analysis for a
favorable functional outcome (mRS < 2) as a dependent variable in patients
with stroke

Unadjusted Adjusted
Covariates OR(95%CI) P OR (95% CI) P
value value
Age 0.98 (0.95-1.01) 0.125
Gender Female 1.00 (reference)

Male 1.29 (0.64-2.59) 0.475

Atrial fibrillation No 1.00 (reference)
Yes 0.86 (0.42-1.76) 0.673

Reperfusion No 1.00 (reference) 1.00 (reference)
treatment Yes 1.86 (0.91-3.85) 0.091 3.91 (1.66-10.05)  0.002
Baseline NTHSS 0.87 (0.79-0.94) <0.001 0.82 (0.73-0.90)  <0.001

OR - odds ratio, CI — confidence interval, mRS — modified Rankin Scale, NIHSS —
National Institutes of Health Stroke Scale.
+ Akaike information criterion = 163.6
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A total of 126 patients or caregivers completed the EQ-5D-3L survey,
and 111 AIS patients evaluated their EQ-VAS score 90 days after the index
AIS event. Multivariate linear regression analyses showed that RT had a
significant influence on both EQ-VAS (B + SE: 9.571 +4.583, P =0.039) and
EQ-5D-3L index score (B £ SE: 0.137 +0.058, P = 0.021), when adjusted for
age, gender, presence of AF, baseline favorable functional status, and baseline
NIHSS score (Table 8).

Table 8. Multiple linear regression analyses of variables impacting EQ-VAS
and EQ-5D-3L index scores

EQ-5D-3L index score

EQ-VAS score (n = 111) (n = 126)

Independent
variables Beta coefficient P Beta coefficient P
(SE) value (SE) value

Age —0.055 (0.200) 0.790 0.001 (0.003) 0.955
Gender Female (reference) (reference)

Male -5.831 (4.916) 0.238 —0.027 (0.061) 0.658
Atrial No (reference) (reference)
fibrillation Yes -11.776 (4.850) 0.017 —0.013 (0.060) 0.833
Reperfusion No (reference) (reference)
treatment Yes 9.571 (4.583) 0.039 0.137 (0.058) 0.021
Baseline mRS No (reference) (reference)
<2 Yes 24.733 (10.744) 0.023 0.239 (0.131) 0.071
Baseline —1.611 (0.496) 0.002 —-0.026 (0.006) <0.001
NIHSS

EQ-VAS — EuroQoL visual analog scale, EQ-5D-3L — EuroQoL Five Dimensions
Three Levels, SE — standard error, mRS — modified Rankin Scale, NIHSS — National
Institutes of Health Stroke Scale.

4.4. Paper IV — Low COVID-19 Incidence Lockdown

In total, 719 patients with suspected stroke were included in the analysis:
493 referred by EMS and 226 by outpatient physicians. None of the patients
were diagnosed with COVID-19.

We observed a decrease in the median daily volume of stroke alerts (3
[1-4] vs. 4 [3-6], P < 0.001) and confirmed strokes (2 [1-2] vs. 3 [2-4], P <
0.001) during the lockdown. Strikingly, during the lockdown, there was a
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threefold decrease in stroke referrals by outpatient physicians. However, the
prevalence of confirmed strokes in the ED during the period before and during
the state-wide lockdown remained stable (24.6% vs. 24.2%, P = 0.807).

Poisson regression revealed that the lockdown period was associated with
a reduction in daily stroke alerts with a rate ratio of 0.61 (95% CI 0.52-0.71,
P < 0.001) and stroke admissions by 0.63 (95% CI 0.52-0.76, P < 0.001).

Seizures and infection/sepsis were significantly more common stroke
mimics among those referred by EMS compared to the physicians (16.5% vs.
4.5% and 13.9% vs. 4.5%, P = 0.002 and P = 0.010, respectively), whereas
peripheral vestibulopathies were significantly less common (0.9% vs. 18.0%,
P <0.001). When comparing the two periods, isolated neurological symptoms
associated with normal neurological work-up results were less frequent stroke
mimics during the lockdown (2.4% vs. 11.6%, P = 0.015), whereas seizures
and intracranial tumors were significantly more frequent (16.9% vs. 6.7% and
9.6% vs. 3.0%, P =0.012 and P = 0.037, respectively) (Table 9).
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Table 9. Most common stroke mimics

Stroke mimic, n (%) All Referred by Referred P value Admitted Admitted P value

mimics EMS by a physician before during

(n=1247) (n=115) (n=132) lockdown lockdown

(n=164) (n=283)

Seizure 25 (10.1) 19 (16.5) 6 (4.5) 0.002 11 (6.7) 14 (16.9) 0.012
Peripheral 25 (10.1) 1 (0.9) 24 (18.0) <0.001 21 (12.8) 4 (4.8) 0.072
vestibulopathy
Hypertensive 23 (9.3) 11 (9.6) 12 (9.1) 0.898 17 (10.4) 6(7.2) 0.423
encephalopathy
Infection/Sepsis 22 (8.9) 16 (13.9) 6 (4.5) 0.010 13(7.9) 9 (10.8) 0.447
Toxic/Metabolic 18 (7.3) 9(7.8) 9 (6.8) 0.761 9 (5.5) 9 (10.8) 0.126
disorder
Sequels of previous 16 (6.5) 5@4.3) 11 (8.3) 0.300 11 (6.7) 5(6.0) 1.000
stroke
Intracranial tumor 13 (5.3) 9(7.8) 4 (3.0) 0.151 53.0) 8 (9.6) 0.037
Psychiatric condition 13 (5.3) 7 (6.1) 6 (4.5) 0.588 11 (6.7) 224 0.153
Migraine and headache 10 (4.0) 4 (3.5) 6 (4.5) 0.755 8 (4.9) 2 (2.4) 0.502
Cardiovascular 10 (4.0) 4 (3.5) 6 (4.5) 0.755 6 (3.7) 4 (4.8) 0.736
condition §
Syncope and 8(3.2) 2 (1.7 6 (4.5) 0.291 7 (4.3) 1(1.2) 0.273
presyncope
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Facial nerve palsy 5(2.0) 3(2.6) 2 (1.5) 0.666 2(1.2) 3 (3.6) 0.338

Musculoskeletal 5(2.0) 2 (1.7) 3(23) 1.000 3 (1.8) 224 1.000
condition

Subdural hematoma 4 (1.6) 3 (2.6) 1(0.8) 0.341 424 0 0.304
Peripheral neuropathy 4 (1.6) 1(0.9) 3(2.3) 0.626 3(1.8) 1(1.2) 1.000
Isolated symptoms 21 (8.5) 6(5.2) 15 (11.4) 0.084 19 (11.6) 224 0.015
associated with normal

results

Symptoms associated 20 (8.1) 10 (8.7) 10 (7.6) 0.748 12 (7.3) 8 (9.6) 0.528
with other neurological

diseases ||

Symptoms associated 5(2.0) 3 (2.6) 2 (1.5) 0.666 2(1.2) 3(3.6) 0.338

with other non-
neurological diseases #

EMS — Emergency Medical Services, CNS — central nervous system.

+ This category includes electrolyte imbalances (n = 14), hypo- and hyperglycaemia (n = 2), hepatic encephalopathy (n = 1), and alcohol
intoxication (n=1).

1 Organic disorders are ruled out; symptoms may be attributed to a psychiatric condition (panic attacks and anxiety (n = 8), as well as
delirium (n = 5)).

§ This category includes cardiac insufficiency (n = 4), cardiac arrhythmia (n = 2), acute myocardial infarction (n = 2), and pulmonary
embolism (n = 2).

94| Neurological symptoms that cannot be classified into any other category since they do not meet any other set of diagnostic criteria or
which have no organic explanation but are not clearly associated with a psychiatric disorder.

|| This category includes multiple sclerosis and other demyelinating diseases (n = 5), dementia (n = 4), transient global amnesia (n = 4),
myelopathy (n = 2), CNS infection (n = 2), venous sinus thrombosis (n = 1), Parkinson’s disease (n = 1), and myasthenia (n = 1).

# This category includes advanced cancer (n = 2), anemia (n = 2), and herpes zoster (n=1).
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4.5. Paper V — Reperfusion Therapy in Stroke Patients with COVID-19

Thirty-one pairs of subjects and matched controls were included in the
study of paper V. The mean age was 74.0 years in COVID-19-positive AlS
patients and 73.7 years in controls. Forty females (64.5%) comprised the entire
cohort. The prevalence of stroke risk factors did not differ statistically
significantly between the two groups. Fourteen (22.5%) patients underwent
IV rtPA, thirty (48.4%) patients were treated with EVT, and eighteen (29.1%)
patients received bridging therapy. Fifty-six (90.3%) patients in the entire
cohort were diagnosed with anterior circulation stroke.

Ninety-day case fatality rates were significantly higher in the COVID-19
group compared to controls (54.8% and 12.9% respectively, P = 0.001). The
significant variables included age (P = 0.022), hypoxemia (P = 0.079),
baseline NIHSS (P = 0.001), COVID-19 infection (P = 0.001), total white
blood cell (WBC) count (P = 0.079), and C-reactive protein (CRP)
concentration (P = 0.093). Increasing age and higher baseline NIHSS on
admission were associated with a higher likelihood of 3-month mortality after
stroke and RT. COVID-19 infection increased the likelihood of death 3
months after stroke and RT seven times (OR 6.70; 95% CI1 1.03-43.58), while
hypoxemia, total WBC count, and CRP concentration were not significant
predictors (Table 10).
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Table 10. Logistic regression model on the likelihood of 90-day case fatality after stroke and reperfusion therapy (n = 52)

Univariate Multivariable
Covariates
OR (95% CI) P value OR (95% CI) P value

Age 1.07 (1.01-1.13) 0.022 1.09 (1.02-1.18) 0.029
Hypoxemia (SpO2<93%) No 1.00 (reference)

Yes 4.05 (0.88-22.99) 0.079
COVID-19 infection No 1.00 (reference) 1.00 (reference)

Yes 8.20 (2.49-32.91) 0.001 10.04 (2.30-58.73) 0.004
Total WBC count 1.17 (1.01-1.44) 0.079
CRP concentration 1.01 (1.00-1.03) 0.093
Baseline NIHSS 1.23 (1.10-1.41) <0.001 1.22 (1.07-1.44) 0.007

OR - odds ratio, CI — confidence interval, SpO2 — peripheral oxygen saturation, COVID-19 — coronavirus disease 2019, WBC — white blood
cells, CRP — C-reactive protein, NIHSS — National Institutes of Health Stroke Scale.
1 Akaike information criterion = 55.9
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5. DISCUSSION

The investigations of this doctoral thesis are the first to take into account
the whole Lithuanian AIS patient population and to evaluate the effects of a
comprehensive national policy, stroke characteristics, and external factors on
multiple stroke care performance measures. We observed significant trend
improvements in RT rates, and a statistically significant decreasing trend in
mean DTN time within the Lithuanian CSCs and PSCs since the enactment of
a comprehensive national policy 2014, when it was started to be recorded
(paper 1). Second, we found that interactive EMS training significantly
improves the accuracy of stroke patient recognition and their prehospital
transport time (paper II). Third, our data suggest that RT improves AIS
patients’ 90-day functional outcome and HRQoL, but not patient survival,
when adjusted for different stroke characteristics (paper I11). In addition, we
found that the COVID-19 lockdown measures are associated with decreased
stroke alerts and admissions, and changes in the pattern of conditions
mimicking stroke (paper V). Finally, our data show that COVID-19 is a
significant predictor for poorer 90-day patient survival in AIS patients after
RT (paper V).

The results will be discussed further and compared to previous studies
according to the specific papers in question.

5.1. Paper | — Comprehensive National Stroke Care Policy

Ample previous studies have shown a continuous increase in IV rtPA
(88-106) and EVT rates for AIS (106-108) in different countries over
different study periods. However, our data show that Lithuania experienced a
countrywide breakthrough of 1V rtPA use only after the introduction of a
comprehensive national policy. Similarly, EVT use was in single digits before
the government intervention and surged after 2014, although some
unmeasured confounders, such as the breakthrough thrombectomy trials in
2015 that increased physicians’ confidence in the safety and efficacy of EVT,
might have also contributed (107). Nevertheless, we believe that retrospective
per-case AIS RT expense reimbursement and budget cap removal might have
been a more robust incentive to improve RT numbers countrywide. While
there is no agreed benchmark for thrombolysis and thrombectomy rates (these
were 12.6% and 5.4% in Lithuania in 2019, respectively) (10), there is still
room for improvement, as shown by the remarkable nationwide IV tPA
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administration rate of 26.4% in the Czech Republic and a 5.6% EVT rate in
Malta (57,67,105).

International guidelines recommend developing stroke systems of care so
that RT-eligible patients receive treatment in the fastest achievable onset-to-
treatment time (109). We found a statistically significant decreasing trend in
the mean DTN time within the Lithuanian hospitals from 68 minutes in 2014
to 43 minutes in 2019. We speculate that higher treatment volumes might lead
to shorter DTN times — an indicator of experience and confidence
(100,110,111). Moreover, quarterly SICMC reports to the MoH, and annual
public stroke center progress monitoring may have produced an additional
incentive (112). Astonishingly, recent data from the Czech Republic showed
that a national median DTN time of 25 minutes or less is feasible (105).

The interrupted time series design in paper | is a quasi-experimental
approach used to evaluate the impact of a single intervention, and unmeasured
confounders (i.e., decreasing CV RF prevalence) may have affected the
results. More limitations include the fact that we did not investigate the
influence of the COVID-19 pandemic on stroke care outcomes, as we have
deliberately chosen to conduct our analysis on the pre-pandemic period. In
addition, the breakthrough thrombectomy trials in 2015 might have played a
role in the increased thrombectomy rates throughout the country as there was
an increase in confidence in the safety and efficacy of EVT among
neurologists (107). Fourth, functional and post-discharge long-term outcomes
could not be assessed due to limited access to such data. Fifth, our analysis is
based on the group of hospitalized AIS cases, not overall AIS incidence, but
the actual difference between these rates may not be large, since every patient
with AIS requires hospital admission by the current guidelines (112).

The strengths of paper | are that our nationwide analysis includes all
Lithuanian AIS cases, which enables us to elucidate the overall country-wide
real-world trends in acute stroke care outcomes. In addition, this is the first
study from a very high CV RF region (40) demonstrating that comprehensive
changes in national stroke care policy could be associated with substantial
improvements in stroke care outcomes.

5.2. Paper Il — Interactive Emergency Medical Services’ Training

In our prospective interrupted time-series study evaluating the effect of
interactive EMS training on prehospital stroke care we found a sustained
improvement of prehospital stroke recognition during at least four consecutive
months after the training. Second, we found an improved rate of timely
transfers of suspected strokes to the hospital, demonstrating the overall benefit
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of EMS training on the continuum of prehospital care. Third, the training
effect was more pronounced in the urban EMS group.

We found fewer stroke mimics in the post-training period without an
increase in the false negative rate. Thus, increasing the PPV did not result in
a suboptimal triage of strokes, nor did it deprive stroke patients of time-
sensitive revascularization treatment. The improvement of PPV was driven by
a reduced rate of stroke mimics in the urban EMS group. One of the reasons
for significantly improved PPV in the urban but not the suburban EMS group
could be the implementation of a new national regulation of prehospital stroke
triage on 1 January 2020 that partially overlapped with the post-training
period. According to the new law, suspected stroke patients were transferred
directly to stroke-ready hubs bypassing primary evaluation in the regional
hospitals irrespective of their last known well time. The new guidelines were
designed to improve access to RT for stroke patients in suburban regions.
However, the stroke triage pathway change may have increased the false
positive rate in the suburban EMS group, as they transported more suspected
stroke cases directly to the CSC instead of the regional hospitals. Thus, we
speculate that the weak trend of PPV improvement in the suburban EMS group
reflects the effect of EMS training offsetting the expected dip of PPV in the
suburban EMS group. Another possible explanation could be differences in
stroke knowledge between urban and suburban paramedics before the training
or other variables, such as differing socioeconomic status, comorbidities, or
secular trends, not evaluated in this study.

The increase in PPV after the training is clinically relevant because it can
help reduce the false positive cases overflowing the acute stroke care
pathways. Optimal utilization of the frontline stroke care and neuroimaging
resources is particularly relevant during peak hours of stroke incidence, such
as the morning hours (113) or public health emergencies, as was the case
during the COVID-19 pandemic. Therefore, continuous efforts are crucial to
ensure optimal prehospital stroke identification.

Previous studies have shown that a brief educational EMS intervention
could substantially improve EMS knowledge of prehospital stroke scales,
prenotification compliance, and field triage protocols (48,114). Moreover, a
recent prospective study by Oostema et al. assessed the real-world impact of
EMS training on prehospital stroke recognition and found that an online EMS
education module coupled with performance feedback was associated with
improved stroke recognition sensitivity, increased hospital prenotification,
and faster rtPA delivery (47). In addition to these findings, our study
demonstrates that in-person interactive EMS training improves prehospital
stroke identification and timely transfer to the ED. We also note that the
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sensitivity in our study did not change after the training, which a relatively
high baseline performance might explain. The baseline stroke recognition
sensitivity in our study (68.0%) was comparable to the post-training
sensitivity in a study by Oostema et al. (69.5%), suggesting a ceiling effect of
stroke sensitivity improvement. Consequently, the improvement in PPV did
not result in a false negative rate (type Il error) increase and thus did not
deprive stroke patients of time-sensitive treatment.

A recent attempt to enhance prehospital stroke care was undertaken in
the Paramedic Acute Stroke Treatment Assessment (PASTA), a multicenter
randomized clinical trial in the UK. Surprisingly, the intervention resulted in
8.5 minutes longer onsite care time and did not show any tPA rate
improvement (54). Arguably, sophisticated prehospital assessment protocols
did not facilitate IV rtPA decision-making. On the other hand, we find
conflicting results from non-randomized intervention studies showing that
prehospital intervention improved RT rates (49,56) and in-hospital treatment
times (47,49). In addition to the previous studies, our study shows that
interactive EMS training can improve stroke recognition and prehospital
transfer times and thus improve the overall timeliness of acute stroke care. In
contrast, we did not observe changes in hospital-based metrics. However, our
study was not designed to evaluate the in-hospital performance since we did
not collect data on the hospital prenotification rate, and the EMS staff was not
involved in the clinical care after the ED admission. Other in-hospital
variables, such as imaging capacity, availability of rapid image interpretation,
and ED workload, influence stroke care performance but are not accounted
for in our study.

The training effect on timely prehospital transportation was more robust
in the urban compared to the suburban EMS group. Since transport time from
suburban regions is longer due to greater distances between the patient and the
CSC, fewer patients could arrive within 90 minutes of symptom onset.
Furthermore, due to the national regulatory changes during the study, all
suspected stroke cases were to be transported to stroke-ready hospitals,
irrespective of the time of symptom onset. Thus, the number of stroke alerts
outside the acute treatment window increased in the suburban but not the
urban EMS group. Hence, the actual training effect in the suburban EMS
group was confounded by these regulatory changes.

The recent stroke triage changes in Lithuania were aimed to increase
EVT access to patients in suburban areas by transporting suspected stroke
cases directly to stroke-ready centers. However, the choice between the drip
and ship or mothership model is context-specific (115) and poses thorny
clinical dilemmas (116). EVT has a remarkable treatment effect with the
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number needed to treat of 2.6 to reduce disability in the early hours after stroke
onset (30). If LVO is suspected, a direct transfer to a CSC with EVT capacity
might be privileged, as a shorter time to reperfusion may improve its treatment
effect (117). On the other hand, bypassing PSCs with IV rtPA capacity might
cause unnecessary delays to IV rtPA and an increase in false positive LVO
transfers due to suboptimal triage. To address these questions, the RACECAT
study was conceived in Catalonia, Spain — the first randomized clinical trial
in the field (ClinicalTrials.gov identifier: NCT02795962). After randomizing
1,401 patients, the preliminary study results showed no difference in ischemic
stroke outcomes between drip-and-ship and mothership models in a highly
coordinated stroke network (118).

Although direct transfer to the CSC could be most beneficial for LVO
patients, the FAST scale used in our study was not explicitly designed to detect
LVO. In this context, a prospective study comparing eight prehospital scales
for LVO identification showed that an adapted version of Gaze-Face-Arm-
Speech-Time (G-FAST) had high LVO recognition accuracy similar or higher
to other LVO scores (119). Moreover, improving the PPV of the stroke
screening tools can increase the area where the mothership model provides the
best stroke treatment outcome (115). More studies will be needed to explore
the optimal LVO prediction methods to triage patients for different transfer
pathways.

The main strength of paper 11 is its prospective design and relatively
large sample size. The blinding of EMS staff to the assessment allowed us to
evaluate the training effect and avoid the apprehension bias, also known as the
Hawthorne effect, when participants modify their behavior in response to their
awareness of being observed (120).

The main limitation of paper Il was the absence of a control group to
fully evaluate the actual effect of the intervention. However, since there were
no significant differences in demographic and clinical characteristics of
suspected stroke cases before and after the training, the confounding by
unmeasured factors was limited. Also, the overlap between the first month
before and the last month after the training allowed us to compare similar
calendar periods. Second, due to optional attendance, just over half of the
EMS staff underwent the training. However, this rather introduces a bias
towards the null, and we expect a stronger training effect with higher
participation. Third, we found increased daily stroke rates in the post-training
period, influenced by the change in the stroke triage regulations in suburban
regions. However, the marginal increase in stroke prevalence during the post-
training period could not fully explain the PPV improvement. We observed
improved PPV with non-overlapping ClI in the urban EMS and a weak trend
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in the suburban group favoring a consistent effect of EMS training across both
groups. Fourth, our intervention did not target the dispatcher stroke
recognition or hospital prenotification rate; thus, the inclusion of additional
actors in the intervention might further improve the prehospital stroke care.
Fifth, due to the emerging COVID-19 pandemic, we terminated our analysis
before the national lockdown, which significantly limited access to urgent and
non-urgent healthcare. Thus, we could not conclude on the long-term effects
of the training beyond four months. Lastly, our study was conducted in a very
high cardiovascular risk population (40). These findings are generalizable to
currently underrepresented populations with similar healthcare systems and
EMS staffing patterns, including but not limited to the Baltic states and
Eastern European countries. Therefore, this study could inform prehospital
clinical care and study design to improve prehospital stroke workflow using
publicly available e-learning stroke education resources.

5.3. Paper Ill — Long-term Outcomes of Reperfusion Therapy

Our single-center prospective observational study showed that RT in AIS
patients could be statistically significantly associated with a favorable
functional outcome (MRS <2) and better self-reported HRQoL at 90 days,
without a significant difference in patient survival. This is in line with
previous research, that in patients with AIS of <4.5 h duration, IV rtPA leads
to better functional outcome than no IV rtPA, without an increase in patient
mortality (20,121,122). Although there are ongoing discussions about the use
of IV rtPA in acute stroke in particular circumstances — before EVT, in
patients with lacunar stroke, and in patients with no visible LVO — there is
currently no strong evidence that it should be avoided in these instances (121).
A similar outcome is attributed to AIS patients having undergone EVT. For
adults with LVO-related anterior circulation AIS 6 to 24 h from time last
known well and fulfilling the selection criteria of DEFUSE-3 (123) or DAWN
(124), EVT plus best medical management improves patients’ functional
outcome compared with best medical management alone, without increasing
patient mortality (125).

In line with our findings, previous studies have shown improvement in
HRQoL across multiple dimensions in AlS patients after RT (126), although
these findings are not equivocal (127). However, despite the significant
improvement in HRQoL after RT, even after 5 years the HRQoL of stroke
survivors was shown to exhibit large variability and could remain below the
level of the general population (128).
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Paper 111 is the first study on the Lithuanian population that investigates
the impact of RT on patients’ case fatality, HRQoL, and long-term functional
outcomes in a hospital-based AIS patient cohort.

However, this study has several limitations. Foremost, as this was a
single-center study with a rather small sample size, our findings could have
limited generalizability, and some weak statistical associations could have
been missed. In addition, the 90-day follow-up for assessing the functional
status and HRQoL was telephone-based, and in many cases, caregivers
responded to the survey, which makes it difficult to compare to studies where
HRQoL is self-reported using visual aids (129). Third, we used the EQ-5D-
3L, which has been validated for stroke patients (130), but as there is no
Lithuanian value set available to this date, a European value set was used.
Finally, a considerable proportion of the patients were lost to the 90-day
follow-up survey due to a short period of time, when the investigators could
not conduct the telephone survey because of technical reasons. However,
because there was no bias towards a certain group of patients, we believe that
this should not have affected our results.

5.4. Paper IV — Low COVID-19 Incidence Lockdown

In this prospective study in an academic stroke center with a large urban
catchment population, we found a decreased number of stroke alerts and
stroke admissions during the lockdown. In addition, serious neurological
conditions, such as seizures and intracranial tumors, were encountered more
often as stroke mimics. Our findings provide novel knowledge on the impact
of the state-wide lockdown on prehospital stroke care in low COVID-19
incidence settings and help guide care delivery strategies during public health
emergencies.

Although Lithuania has not experienced a significant surge of COVID-
19 during the lockdown, we observed a significant increase in COVID-19
concern in the public, as indicated by Google Trends data on COVID-19
related searches. All routine medical activities and surgeries during the state-
wide lockdown were halted, resulting in a deterioration of preexisting
neurological conditions (37). Suboptimal routine care was reflected by a sharp
decline in outpatient physician referrals of suspected stroke and an overall
increase in the proportion of seizures and intracranial tumors mimicking
stroke. Despite a significant decrease in the absolute numbers of daily stroke
alerts and confirmed strokes during the lockdown, the prevalence of
confirmed strokes in the ED did not differ between the periods.
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In line with other reports from China, Europe, Taiwan, and the United
States, we also found a significant decrease in stroke alerts and stroke
admissions (131,35,36,41,42,132,133). Our findings provide additional
knowledge on the effects of lockdown measures on stroke care patterns in a
low-incidence low-mortality COVID-19 outbreak setting. Similarly, another
study of admission rates at three tertiary university hospitals in Greece, where
COVID-19 penetration was also low, showed a remarkable decrease in stroke
and acute coronary artery syndrome patients (41). We also found a decreased
number of TIAs during the lockdown. Thus, the reduced number of
stroke/TIA consultations might be attributable to the reluctance to seek
medical attention in the presence of mild or transient neurological symptoms.
Even though our study did not find a significant change in presenting stroke
severity, we might have been underpowered due to missing NIHSS in patients
not considered for reperfusion.

In addition, we found that seizures and intracranial tumors presented
more often as stroke mimics during the lockdown. A study from our institution
showed that worse seizure control and health status in people with epilepsy
were observed during the statewide lockdown (134). Similarly, a study from
the United Kingdom reported that delays in cancer diagnosis and care are
projected to result in more than 3,200 avoidable cancer deaths in the following
five years (135). Altogether, these findings underscore the importance of
interventions to optimize specialized care and avoid diagnostic backlog to
mitigate the impact of the COVID-19 pandemic. From the public health
perspective, our study had a unique opportunity to evaluate the impact of
lockdown measures on stroke care independently of the COVID-19 surge.
Due to the early and efficient lockdown in Lithuania, the incidence and
mortality of COVID-19 during the study period remained one of the lowest in
Europe (136). Second, to limit the potential spread of SARS-CoV-2 infection,
the Lithuanian government implemented a strict state-wide lockdown,
severely restricting social life and access to routine healthcare services (37).
Therefore, we could successfully examine the impact of lockdown measures
on stroke care not confounded by the COVID-19 surge effect on the healthcare
system. Our findings suggest that the state-wide lockdown measures could
have had unwanted collateral consequences on prehospital stroke care.

The strengths of paper 1V include a prospective design and being the
first report on the impact of a statewide lockdown on prehospital stroke triage
quality and stroke mimics distribution. In addition, a large representative
population of an urban academic center covering one-third of the entire
country allows for the generalizability of our findings to similar healthcare
systems.
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Paper IV includes some limitations. Foremost, since this was a single-
center study, we cannot account for referral pattern changes in other stroke
centers in the country. However, the confounding should not have been
significant, as all centers functioned in the same low-incidence, low-mortality
COVID-19 setting. Another limitation was the absence of data on medium and
long-term functional outcomes. Even though the discharge NIHSS scores did
not differ before and during the lockdown, we could not evaluate if longer
delays to ED presentation might have resulted in poorer long-term functional
outcome. In addition, we did not fully account for the natural seasonal changes
in the incidence of stroke. However, in 2018-2019, more strokes were
admitted to our CSC during the spring rather than winter months, suggesting
an actual decrease of stroke admission in our study rather than a seasonal
fluctuation. Finally, our findings have limited generalizability to high-
incidence COVID-19 situations, regions with different stroke care protocols,
and varying social and healthcare responses to the COVID-19 pandemic.

5.5. Paper V — Reperfusion Therapy in Stroke Patients with COVID-19

This is the first Lithuanian nationwide pair-matched multicenter study
evaluating outcomes of COVID-19-positive AIS patients treated with RT.
Despite successful reperfusion, the COVID-19 stroke patients had a higher 3-
month case fatality rate as compared to control patients. Hypoxia had a major
role in our COVID-19 cohort and may have contributed to the high case
fatality rate.

Outcomes of COVID-19 patients with AIS seem to be universally
unfavorable despite successful reperfusion. Although COVID-19 patients
with mild stroke presentations seemed to have more favorable outcomes, in
general, COVID-19 patients with AIS were more severely disabled, with a
median NIHSS of 15 at discharge as compared to controls. This is in line with
other studies reporting in-hospital mortality rates ranging from 31% to 60%
(137-139). The European multicenter EVT study provided data on 30-day
mortality of 27% (140). In contrast, we report insights on 3-month mortality
even higher than previously reported (141).

In our study, the absolute majority of COVID-19 stroke patients had a
more severe stroke despite no differences in ASPECTS (Alberta Stroke
Program Early CT Score) scores between study groups on admission. These
results are comparable to previous reports (141). However, the true size of
ischemic territory in COVID-19 patients may be larger than initially
anticipated. Significantly lower ASPECTS scores and higher infarct volumes
were observed for COVID-19 patients with AIS on magnetic resonance
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imaging (MRI) despite early imaging in a previous study (142). In contrast,
we used computed tomography (CT) as our main screening modality.
Although discordances between MRI and CT median ASPECTS scores in
non-COVID-19 AIS have been documented, no impact on overall outcomes
was observed (143). Therefore, COVID-19-specific endothelial dysfunction
may have a role in infarct core size expansion and contribute to poor
outcomes.

Hypoxia is a major contributing factor to poor outcomes in AlS patients.
In our cohort, 64.5% of COVID-19 stroke patients suffered from respiratory
failure. Almost one-third of COVID-19 patients with AIS required prolonged
intubation due to severe respiratory system compromise. In a subgroup
analysis of the former group (unpublished data), patients in whom respiratory
function was severely affected were those who showed no neurologic
improvement 24 hours after reperfusion. Most of these patients presented with
LVOs and required EVT for reperfusion. Due to a relatively small sample size
in our cohort, we could not perform a subgroup analysis with optimal
statistical power, but a tendency toward more severe strokes in patients with
severe respiratory compromise was observed. This is in line with previous
reports. Two meta-analyses showed that severe COVID-19 disease is more
often complicated by severe ischemic strokes (139,144). It is proposed that
patients with severe respiratory compromise can be deemed as high risk for
poor outcomes and in-hospital mortality (138). A stroke center in New York
reported good early neurological improvement in COVID-19 stroke patients
who underwent EVT. None of the COVID-19 stroke patients who
dramatically improved showed signs of respiratory distress (145). Respiratory
function, although analyzed in AIS with COVID-19 cohorts, has not been
widely addressed in the subpopulation of patients undergoing RT for AlS. In
our study, we emphasize the importance of respiratory complications for AIS
patients undergoing specialized treatment. Respiratory failure could be an
important factor for early neurological deterioration or lack of improvement
despite successful reperfusion. Novel strategies involving optimal
management of respiratory compromise should be exploited to improve the
outcomes for stroke patients undergoing RT.

Risk factors associated with high dependency and mortality in COVID-
19 AIS patients include older age, COVID-19 infection, and stroke severity
on admission. The logistic regression model in our study showed age, higher
baseline NIHSS, and COVID-19 infection to be associated with higher 90-day
mortality. COVID-19 infection increased the likelihood of death 3 months
after stroke and RT seven times. We acknowledge that the regression analysis
model in our study may not reflect the true predictors of poor outcomes in
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COVID-19 AIS patients undergoing RT due to the study’s retrospective
nature, data shortages, and a small sample size. Furthermore, we included in
our univariate and multivariate logistic regression only patient history data
and clinical and laboratory data evaluated on admission. We argued that
hypoxia is an important factor for the expansion of infarcted brain tissue and
may be associated with poor outcomes given the high rates of severe
respiratory failure in our study. This might explain the higher rates of in-
hospital mortality. However, for the survivors, the causes of 3-month
mortality rates remain to be validated.

The strength of paper V was that the study was conducted across all
Lithuanian stroke centers. Second, we have performed one of the few studies
reporting COVID-19 patients with AIS mortality at 3 months. As a result, it
was possible to compare COVID-19 patients with AIS with controls
demonstrating clear differences in case fatality, raising COVID-19 as a
potential risk factor predicting poor outcomes in AlS patients.

The major weaknesses of paper V are its retrospective nature and a
relatively small sample size, restricting subgroup analysis of reperfusion
modalities and evaluation of outcomes within. Another weakness is the chosen
pair-matched analysis method, which might not accurately represent the
control patients’ true demographic and stroke-specific data. We could not
perform a subgroup analysis of different treatment modalities that would have
added additional safety and outcome data. The regression analysis model,
albeit significant for some factors, we believe, does not reflect all predictors
of poor outcomes in COVID-19 patients. Heterogeneity between different
centers concerning treatment management of patients with AIS should be
considered. Although we reported 90-day mortality rates, we could not
compare functional outcomes of surviving COVID-19 stroke patients to the
control group, which would provide additional information on the distant
effects of COVID-19 on AIS survivors.
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CONCLUDING REMARKS

1. A comprehensive national stroke patient care policy in Lithuania was
associated with an increasing trend change in the proportion of AIS patients
who received RT: IV rtPA and EVT. In addition, there was a statistically
significant decreasing trend in mean DTN time within the Lithuanian stroke
centers since 2014, when it was started to be recorded.

2. Interactive EMS training significantly improves the accuracy of
prehospital stroke patient recognition for at least four consecutive months.
After the training, there was a significant improvement in onset-to-door <90
min rate in the urban EMS, but not in the suburban EMS group.

3. RT improves AIS patients” 90-day functional outcome and HRQoL,
but not overall patient survival at 1 year, when adjusted for different stroke
characteristics.

4. Low-incidence, low-mortality, statewide COVID-19 lockdown
measures are associated with decreased stroke alerts and admissions.
Furthermore, serious neurological conditions, such as seizures and intracranial
tumors, become more frequent stroke mimics. State-wide lockdown measures
negatively affect prehospital stroke care independently of the COVID-19
surge.

5. COVID-19 is a significant predictor for poorer 90-day patient survival
in AIS patients after RT.
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FUTURE PERSPECTIVES/PRACTICAL RECOMMENDATIONS

Although this doctoral dissertation confirms the impact of a
comprehensive national policy on multiple stroke-related outcomes, further
studies are warranted to elucidate how the use of RT and post-reperfusion
functional outcomes change according to time and circumstances in a real-
world setting. It emphasizes that the constant monitoring of key performance
indicators helps to enforce the latest stroke care guidelines and to identify the
areas for possible improvement across the stroke care pathway. As the
collection of key performance data is time-consuming and labor-intensive,
automatic systems that collect and monitor predefined patient outcome data
from electronic health records for audit purposes could be employed and
adapted for a particular clinical setting. The usefulness and cost-effectiveness
of such automatic monitoring systems are yet to be elucidated.

In addition, future studies should evaluate the long-term effects of
interactive EMS training on prehospital stroke care as well as hospital-related
outcomes and should aim to determine optimal retraining intervals. Moreover,
educational interventions for different stroke care personnel, i.e. nurses, ED
personnel, and rehabilitation specialists, should be considered, and further
research should investigate their possible impact on the improvement of
selected stroke-related outcomes. Lastly, context-tailored training programs
should be considered for EMS providers in different locations.

Finally, future studies should evaluate the impact of COVID-19
lockdown measures on a state-wide level, including those concerning stroke
patient care. This would help to better understand and adjust specific
nationwide restrictions for possible public health emergencies in the future.
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1. IVADAS
1.1. Tiriamoji problema ir jos aktualumas

Insultas yra viena i§ dazniausiy mirties ir negalios koreguoty gyvenimo
mety (angl. disability-adjusted life years) priezasCiy pasaulyje (1, 2). Dél
didelio Sirdies ir kraujagysliy ligy rizikos veiksniy paplitimo ir prastos jy
kontrolés (4, 5) Lietuvos sergamumo ir mirtingumo nuo Gminio iSeminio
galvos smegeny insulto (GSI) rodikliai yra vieni i§ didziausiy pasaulyje (3).
Maza to, Lietuvai prognozuojamas didziausias pagal amziy koreguoto
sergamumo insultu ir ligotumo rodikliy augimas tarp visy Europos Sajungos
Saliy (6).

Reperfuziné terapija (RT), kuriai priklauso intraveniné trombolizeé
rekombinantiniu Zmogaus audiniy plazminogeno aktyvatoriumi (rtPA) bei
mechaniné trombektomija, yra placiai pripazintas, veiksmingas, saugus ir
ekonomiskai efektyvus GSI gydymo metodas (7, 8). Vis délto platus RT
intraveniné trombolizé rtPA Lietuvoje buvo atlikta 2002 m., o mechaniné
trombektomija klinikinéje praktikoje pradéta taikyti nuo 2012 mety.
Nepaisant to, kad jau 2007 m. pagal Salies GSI diagnostikos, gydymo ir
profilaktikos metodikg intraveniné trombolizé buvo rekomenduota kaip
pirmiausia pasirenkamas gydymo metodas (13), bendras metinis atlikty
intraveninés trombolizés atvejy skaicius Lietuvoje iSliko mazas.

2014 m., siekdama nacionaliniu lygiu skatinti ir diegti modernig RT
pacientams, patyrusiems GSI, Lietuvos Respublikos sveikatos apsaugos
ministerija (SAM) inicijavo tam skirty priemoniy pakets. Integruotas
priemoniy paketas apémé @iminio insulto gydymo centry (klasteriy) tinklo
suktirima, GSI pacienty srauty pertvarkyma, asmens sveikatos prieziliros
paslaugy, ijtariant ar diagnozavus uUminj GSI, teikimo tvarkos apraSo
patvirtinima, reikalavimy insulto gydymo centry (IGC) ir tarpinés pagalbos
ligoniniy (TPL) akreditacijai nustatyma (14) bei Insulto integruotos sveikatos
priezitiros valdymo komiteto prie SAM jkirima (15). Viena i$ Sio komiteto
paskir€iy — koordinuoti naujas finansines RT paskatas: centralizuotg rtPA
pirkimg bei retrospektyvy islaidy kompensavimg uz atliktas mechaninés
trombektomijos procediiras. Be to, nuo jo jkiirimo komitetas renka ir stebi
greitosios medicinos pagalbos (GMP) tarnyby ir insulto gydymo jstaigy
pateiktus duomenis apie atlikty RT atvejy skaiciy, insulto pacienty gydymo
savalaikiSkuma, iStekliy panaudojima, diagnostiniy tyrimy atlikima,
reabilitacijg, stacionarines komplikacijas, hospitalinj mirStamuma nuo insulto
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ir kt. Siekiant nustatyti tobulintinas sritis, kas ketvirtj teikiamos ataskaitos
SAM.

Svarbiausia vaidmenj nustatant Gminj insultg ikihospitaliniame etape
atlieka GMP (16). Paramedikai yra pirmieji sveikatos apsaugos specialistai,
susiduriantys su dauguma insulto pacienty (17, 18). Tiksliai atpaZinti insultg
ir laiku pacienta nuvezti j insulto gydymo centrg yra svarbu sékmingai iminio
insulto priezitrai (18, 19), nes delsimas skirti intravening trombolize ir atlikti
mechaning trombektomija gali turéti neigiama poveikj pacienty gydymo
rezultatams (20). Dél to teisingai atpazinty Gminio insulto pacienty dalis ir
pacienty transportavimo j ligoning laikas yra vieni i§ svarbiausiy GMP veiklos
rodikliy. | insulto centra GMP atvezty insulto imitatoriy procentas gali siekti
iki 50 proc. (21, 22). Neteisingai surtisiavus insulto pacientus, $vaistomi riboti
sveikatos apsaugos sistemos iStekliai, skirti pacientams, kuriems batina
skubiai atlikti RT (23), be reikalo eikvojamas priémimo skubiosios pagalbos
skyriaus personalo laikas (24, 25). Deja, dél demografiniy pokyciy
artimiausiais deSimtme¢iais tikimasi, jog insulto imitatoriy skaicius insulto
priezitiros sistemose didés (26). Dél to labai svarbu aktyviai gerinti ankstyva
insulto atpaZinima.

Stacionariniame etape taip pat naudojami tarptautiniu mastu pripazinti
insulto priezitros kokybés rodikliai (27). Jy nuolatiné stebeséna padeda
geriausios  klinikinés praktikos rekomendacijas jgyvendinti realioje
klinikinéje praktikoje. Tarp rekomenduojamy stebéti stacionariniy insulto
priezitiros kokybés rodikliy yra hospitalizacijos | specializuotus insulto
skyrius daznis, RT atvejy dalis, dalis insulto pacienty, kuriems iSraSant
skiriami geriamieji antikoaguliantai, laikas nuo atvykimo j ligoning iki RT ir
kt. (28-30). Naujausiy insulto prieziiros gairiy diegimas jprastinéje
klinikinéje praktikoje yra sudétingas procesas, todél svarbu reguliariai vykdyti
insulto centry stebésena (31). Lietuvoje insulto priezitiros veiklos stebésenos
vaidmuo priskirtas Insulto integruotos sveikatos priezitiros valdymo
komitetui, kas ketvirtj analizuojanciam Lietuvos insulto centry duomenis.

ISorés veiksniai, tokie kaip tarptautinio masto visuomenés sveikatos
krizés ar pandemijos, taip pat gali turéti didelj poveikj insulto priezitirai.
Rasant Sig daktaro disertacija per sunkaus Gminio respiracinio sindromo
koronoviruso 2 (SARS-CoV-2) protrikj, sukélusj koronaviruso ligos 2019
(COVID-19) pandemijg, pastebétas mazéjantis j priémimo skubiosios
pagalbos skyriy atveztyjy dél jtariamo insulto pacienty skaiCius. Kilo
susiriipinimas dél neoptimalaus timiniy ligy nustatymo ir siuntimo j ligonine
ikihospitaliniame etape (33-36). Pirmieji du visos Salies mastu skelbti
karantino ribojimai buvo Sios daktaro disertacijos objektas.
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Netrukus po to, kai Lietuvoje buvo nustatytas pirmasis COVID-19
atvejis, 2020 m. kovo 16 d. paskelbtas grieztas visos Salies teritorija apémes
karantinas (37). Vis délto pirmosios COVID-19 pandemijos bangos metu $ios
ligos plitimas Lietuvos visuomengje ir mir¢iy skai¢ius nuo COVID-19 isliko
i§skirtinai mazas (iki 2020 m. birzelio 16 d. i$ viso nustatyti 1 775 uzsikrétimo
SARS-CoV-2 atvejai ir 76 mirtys nuo jo) (38). TaCiau griezti vie$ojo
gyvenimo apribojimai ir sumazéjes sveikatos priezitiros paslaugy, jskaitant
pirming sveikatos prieziiirg ir prevencines programas, prieinamumas (37), taip
pat visuomenés baimé sirgti COVID-19, paveiké insulto priezitira.

Antrojo Salies mastu taikyto karantino metu, atvirksciai, buvo
diagnozuota ypa¢ daug COVID-19 atvejuy, i$ kuriy pasitaike ir GSI serganciy
pacienty. Nepaisant tukstanciy kasdien naujy patvirtinty COVID-19 atvejy ir
poreikio perskirstyti sveikatos priezitiros sistemos isteklius, insulto pagalbos
tarnybos per visa pandemijos laikotarpj Visu pajégumu veiké visuose
didZiuosiuose insulto centruose. COVID-19 pacientams, sergantiems GSl,
buvo taikoma ir intraveniné trombolizé rtPA bei mechaniné trombektomija.
Vis délto duomeny apie RT saugumg ir gydymo atokiuosius rezultatus
COVID-19 populiacijoje vis dar triiksta.

Si disertacija grindziama penkiais moksliniais straipsniais. Pagrindinis
jos tikslas — istirti insulto gydymo reorganizacijos, insulto charakteristiky ir
iSoriniy veiksniy poveikj insulto priezitros rodikliams. | publikacijoje
analizuojama insulto gydymo reorganizacijos jtaka GSI pacienty RT dazniui
ir savalaikiskumui Lietuvoje. Il straipsnyje tiriamas GMP mokymy poveikis
insulto atpazinimo tikslumui ir savalaikiam pacienty su jtariamu insultu
transportavimui j ligoning. 111 publikacijoje analizuojamas koreguotas
insulto pacienty mirtingumas, funkciné biiklé ir su sveikata susijusi gyvenimo
kokybé po 90 dieny, atsizvelgiant j tai, ar jiems buvo taikyta RT. IV
straipsnyje vertinamas visoje Salyje paskelbto COVID-19 karantino ribojimy
poveikis jtariamy insulto atvejy ir hospitalizacijy dél insulto daZzniui bei
insulto imitatoriy pasiskirstymui. Galiausiai V publikacijoje vertinamas
insulto pacienty, sergan¢iy COVID-19, mirtingumas po RT.

1.2. Tyrimo tikslas

Uminio iSeminio insulto gydymo reorganizacijos, insulto charakteristiky
ir iSoriniy veiksniy poveikio reperfuzinio gydymo rodikliams analizé.
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1.3. Tyrimo uzdaviniai

1. Istirti insulto gydymo reorganizacijos Lietuvoje jtaka GSI pacienty RT
dazniui ir savalaikiSkumui (1);

2. Istirti GMP mokymy poveikj insulto atpazinimo tikslumui ir pacienty,
kuriems jtariamas insultas, transportavimo j ligoning trukmei (11);

3. Ivertinti koreguotg insulto pacienty mirtinguma po Vvieneriy mety ir
funkcing biiklg bei su sveikata susijusiag gyvenimo kokybe po 3 ménesiy,
atsizvelgiant | tai, ar jiems buvo taikyta RT (I11);

4. Ivertinti visoje Salyje paskelbto COVID-19 karantino ribojimy poveiki
jtariamy insulto atvejy ir hospitalizacijy dél insulto dazniui bei insulto
imitatoriy pasiskirstymui (1V);

5. Ivertinti insulto pacienty, serganc¢iy COVID-19, trijy ménesiy
mirtinguma po RT (V).

1.4. Mokslinis naujumas

Sioje disertacijoje pirma karta nagrinéta, kaip insulto gydymo
reorganizacijos priemoniy paketas gali buti susijes su RT proverziu GSI
sergantiems pacientams labai didelés Sirdies ir kraujagysliy ligy rizikos
regione. Vadovaujantis Europos (19) ir Siaurés Amerikos insulto gydymo
rekomendacijomis (39), labai svarbu sistemingai vertinti konkreéiy insulto
mokymo intervencijy veiksminguma ir palaikyti GMP mokymo testinuma.
Sioje disertacijoje taip pat perspektyviai vertinamas GMP mokymy poveikis
insulto prieZiaros rodikliams. TreCia, disertacijoje pateikiami duomenys
suteikia naujy ziniy apie visos Salies mastu paskelbto karantino poveikj
ikihospitalinei insulto prieZiiirai mazo COVID-19 sergamumo aplinkoje. Tai
svarbu planuojant sveikatos prieziliros strategijas ekstremaliy visuomenés
sveikatos situacijy metu. Galiausiai tai yra vienas i§ nedaugelio nacionalinio
masto tyrimy, kuriame tiriamos ilgalaikés COVID-19 serganciy GSI pacienty
baigtys po RT.

1.5. Praktiné tyrimo verté

Tyrimy, nagrinéjanc¢iy @iminio insulto priezitros efektyvumg labai
didelés sirdies ir kraujagysliy ligy rizikos populiacijose, yra nedaug (40).
Masy atlikta analizé leidzia daryti patikimas i§vadas apie Uminio insulto
priezitiros rezultaty tendencijas Salies mastu, nes ji apima visus Lietuvos
iminio iSeminio GSI atvejus. Be to, norint pagerinti sveikatos priezitiros
sistemy veiklos koordinavima ekstremaliy visuomenés sveikatos situacijy
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metu, svarbu suprasti visuotinio karantino priemoniy poveikj kity ligy, tokiy
kaip Gminis insultas, priezitirai. Tyrimy, kuriuose biity vertinama insulto
priezitira mazo COVID-19 sergamumo sglygomis (41, 42), vis dar triiksta. Tki
Siol nebuta tyrimy, kuriuose biity nagrin¢jamas poveikis ikihospitaliniam
insulto pacienty atpazinimui. Didelé reprezentatyvi vieno akademinio IGC
populiacija leidzia apibendrinti miisy i§vadas Salims su panasiomis sveikatos
prieziliros sistemomis, ateityje priimant sprendimus dél karantino ribojimo
priemoniy ekstremaliy visuomenés sveikatos situacijy metu.

1.6. Ginamieji teiginiai

1. Nacionalin¢ insulto gydymo reorganizacija yra reik§mingai susijusi
didesniu RT taikymo dazniu ir savalaikiskumu (I);

2. Interaktyviis GMP mokymai reikSmingai pagerina insulto pacienty
atpazinimo tikslumg ir pacienty transportavimo laikg (11);

3. Atsizvelgus | insulto charakteristikas, RT pagerina Giminio iSeminio
GSI pacienty funkcine biikle ir su sveikata susijusig gyvenimo kokybe po 90
dieny, bet ne pacienty iSgyvenamuma (111);

4. COVID-19 pandemijos karantino priemonés yra susijusios su
mazesniu jtariamy ir hospitalizuoty insulto atvejy skaiCiumi bei insulta
imituojanciy bukliy poky¢iais (1V);

5. COVID-19 yra reikSmingai susijusi su prastesniu GSI pacienty
90 dieny isgyvenamumu po RT (V).
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2. METODAI
2.1. Leidimas atlikti mokslinj darba

Penki moksliniai darbai, kuriais remiantis buvo parengta $i disertacija,
skyrési tyrimy metodologija. Dél to buvo gauti keli skirtingi bioetikos
leidimai. Visi tyrimai buvo atlikti remiantis Helsinkio deklaracijos
nuostatomis. Pagrindinj leidima moksliniam darbui i§davé Lietuvos bioetikos
komitetas (Nr. L-22-08/1-9).

I tyrimui apibendrinti anoniminiai vie$ai pricinami duomenys apie visus
GSI atvejus, kai pacientai buvo gydyti Lietuvos IGC ir TPL 2006-2019 m.,
buvo gauti retrospektyviai i§ Higienos instituto ir Insulto integruotos sveikatos
priezitiros valdymo komiteto, todél atskiras etikos komiteto pritarimas nebuvo
reikalingas.

ILir IV tyrimams papildomai pritaré Vilniaus regioninis biomedicininiy
tyrimy etikos komitetas (Nr. 1170), o Il ir V tyrimams — Lietuvos bioetikos
komitetas (atitinkamai Nr. L-14-03/1-6 ir L-21-06).

2.2. Insulto gydymas Lietuvoje

Lietuvoje timinio insulto gydymo ligoninés pagal prieinamg reperfuzinj
gydyma skirstomos j IGC, TPL ir kitas asmens sveikatos prieziiiros jstaigas
(ASP]). IGC timiniu iSeminiu insultu sergantiems pacientams visa para yra
prieinama intraveniné trombolizé ir mechaniné trombektomija, o TPL
ligoninése — tik intraveniné trombolizé.

Greitoji medicinos pagalba Lietuvoje teikiama nemokamai 24 valandas
per parg 7 dienas per savait¢ visiems, nepriklausomai nuo jy turimo sveikatos
draudimo. GMP personala sudaro licencijuotas medikas — slaugytojas,
medicinos gydytojas arba paramedikas, sprendziantis, ar pacienta, Kuriam
jtariamas insultas, reikia veZzti j insulto centrg. Insultui ar praeinan¢iam
iSemijos priepuoliui jtarti visoje Salyje privalomai naudojama FAST (angl.
Face Arm Speech Time) skal¢ (16). Uminio GSI diagnostikos ir gydymo
tvarkos aprase reikalaujama visais jtariamo insulto atvejais pacientus
tiesiogiai transportuoti j IGC ar TPL, neatsizvelgiant j laikg nuo simptomy
atsiradimo. Jeigu pacientas ] gydytoja kreipiasi ambulatoriskai, Seimos
gydytojas ar gydytojas specialistas, jtares insulta, taip pat gali siysti pacienta
] priémimo skubiosios pagalbos skyriy.

Vilniaus universiteto ligoniné Santaros klinikos (VUL SK) yra viena i§
dviejy Ryty Lietuvos IGC, kartu aptarnaujanc¢iy mazdaug 945 000 gyventojy
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(78). VUL SK pacientus siuncia viena Vilniaus GMP stotis ir septynios
Vilniaus ir Utenos apskri¢iy GMP tarnybos. 2020 m. visose GMP dirbo 331
specialistas (217 Vilniaus miesto ir 114 apskri¢iy GMP), i VUL SK pervezta
~20 400 pacienty (79).

2.3. Mokslinio darbo struktiira ir duomeny $altiniai

Penkios publikacijos, kuriomis remiantis parengta $i disertacija, skyrési
tyrimo  pobudziu ir duomeny Saltiniais: | tyrimas  buvo
retrospektyvaus pertraukty laiko intervaly (angl. interrupted time series)
pobudzio, Il darbas — perspektyvaus pertraukty laiko intervaly pobtidzio,
Ilir 1V darbai buvo perspektyviis stebéjimo tyrimai, o V tyrimas —
retrospektyvus suderinty pory atvejo-kontrolés (angl. pair-matched case-
control) tyrimas.

I tyrime buvo naudojami du duomeny $altiniai. Visy pirma i§ Higienos
instituto buvo retrospektyviai gauti anoniminiai apibendrinti duomenys apie
visus 2006-2019 m. Lietuvos ligoninése gydytus Gminio iSeminio GSI
atvejus. Higienos institutas — institucija, tvarkanti visuomenés sveikatos
registrus ir atsakinga uz Lietuvos gyventojy sveikatos, sveikatos priezitiros
veiklos ir iStekliy stebésena (80). Duomeny rinkinj sudaré bendras GSI atvejy
skaiCius (atitinka Tarptautinés statistinés ligy ir sveikatos sutrikimy
klasifikacijos deSimtosios redakcijos Australijos modifikacijos koda 163), GSI
atvejy, gydyty Lietuvos IGC, TPL ir kitose ASP], skaicius, pacienty lytis,
amziaus grupé, gyvenamoji vieta, lovadienis ir mirtingumas ligoninéje. Visa
statistinio tyrimo metodikos apraSyma, kaip buvo gautas duomeny rinkinys,
kaip buvo uztikrintas jo iSsamumas ir pacienty anonimiSkumas, galima rasti
Higienos instituto tinklalapyje (81).

Antra, duomenys apie atlikty RT procediiry skaiciy buvo gauti i§ Insulto
integruotos sveikatos priezitiros valdymo komiteto. Nuo 2014 m. kas ketvirtj
visi Lietuvos IGC ir TPL jam privalo teikti apibendrintus nuasmenintus
duomenis apie kai kuriuos insulto priezitiros veiklos rodiklius, atitinkancius
ligoniniy informaciniy sistemy informacija. Sie rodikliai apima ligoninéje
atlikty RT procediiry (intraveninés trombolizés ir mechaninés
trombektomijos) skaiéiy ir jy vidutinj laika nuo paciento atvykimo j ligoning
iki intraveninés trombolizés pradzios (angl. door-to-needle time).

Il ir IV straipsniy duomenys buvo gauti i§ VUL SK insulto stebésenos
sistemos. Surinkti duomenys buvo lyginami dviejy laikotarpiy: pries
interaktyvius GMP mokymus ir po jy Il publikacijoje bei prie§ pirmojo
COVID-19 karantino ribojimus ir jy metu 1V publikacijoje.
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111 publikacijoje, sickiant atsizvelgti | sezoninius skirtumus,
perspektyvus steb¢jimo tyrimas buvo atlieckamas keturis pilnus ne i$ eilés
esancius meénesius. | tyrima buvo jtraukti visi GSI sergantys pacientai, gydyti
VUL SK. GSI sergantys pacientai arba jy globéjai, galintys dalyvauti
stebé&jimo tyrime, buvo telefonu apklausti pra¢jus 90 dieny nuo insulto
pradzios, naudojant modifikuota Rankino skalg (mRS). Be to, su sveikata
susijusiai gyvenimo kokybei jvertinti naudota EuroQoL penkiy dimensijy trijy
lygiy aprasomoji sistema (EQ-5D-3L) su savarankiSkai vertinama vizualia
analogine skale (EQ-VAS). Informacija apie pacienty mirtinguma, jskaitant
mirties data, buvo gauta retrospektyviai i§ elektroniniy sveikatos jra§y pragjus
vieneriems metams nuo insulto pradzios (84).

Galiausiai duomenys V tyrimui buvo surinkti retrospektyviai i§ IGC
elektroniniy sveikatos jrasy.

2.4. Tiriamyjy populiacija

I straipsnio tiriamoji populiacija apémé visus GSI atvejus, gydytus
Lietuvos ligoninése 2006—2019 m., priklausomai nuo jy gydymo vietos (IGC,
TPL ar kitos ASP]).

Il ir IV tyrimams duomenys rinkti apie j VUL SK siystus pacientus,
kuriems buvo jtariamas GSI ar praeinantis smegeny iSemijos priepuolis, bei
apie klaidingai neigiamai diagnozuotus insulto atvejus.

I III tyrima buvo jtraukti visi GSI sergantys pacientai, gydyti VUL SK
keturis pilnus ne i§ eilés esancius ménesius.

IV tyrimg buvo jtraukti GSI pacientai, kuriems pries patekant j kurj nors
18 6 IGC arba priémimo skubiosios pagalbos skyriuje buvo diagnozuota iiminé
COVID-19 infekcija ir kurie buvo gydomi RT (intravenine trombolize,
mechanine trombektomija arba abiem gydymo metodais). COVID-19 statusas
buvo patvirtintas SARS-CoV-2 realaus laiko polimerazés grandinine reakcija
(RT-PGR) i8 nosiaryklés tepinélio. Pacientai, kurie jvykusio insulto metu
pagal epidemiologinius kriterijus jau buvo pasveike nuo COVID-19, i analize
jtraukti nebuvo, nepaisant teigiamo SARS-CoV2 RT-PGR tyrimo rezultato.
Kiekvienam tiriamosios grupés pacientui buvo atrinktas COVID-19 infekcija
nesergantis kontrolinés grupés pacientas. Visi kontrolinés grupés pacientai
tiriamuoju laikotarpiu buvo gydomi viename i§ 6 Lietuvos IGC. Kontrolinés
grupés pacientai buvo suderinti su tiriamosios grupés pacientais pagal amziy
(£5 metai), lytj, insulto arterinés kraujotakos teritorijg ir RT tipg. Siekiant
iSvengti atrankos SaliSkumo, atvejus kontrolinei grupei atrinko nepriklausomi
insulto gydytojai, nedalyvave Siame tyrime ir informuoti tik apie jtraukimo |
tyrimg kriterijus.
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2.5. Intervencijos

Trijuose disertacijos tyrimuose buvo nagrinéjama jvairiy intervencijy
jtaka insulto baigtims. | straipsnyje buvo nagriné¢jamas insulto gydymo
reorganizacijos, Il straipsnyje - interaktyviy GMP mokymy, o IV
straipsnyje — visuotinio karantino ribojimy, susijusiy su nedideliu COVID-
19 atvejy skaiciumi, poveikis.

2.6. Tiriamosios baigtys

I tyrime buvo vertinamas 2014 m. Lietuvoje vykusios insulto gydymo
reorganizacijos poveikis $eSioms su insultu susijusioms baigtims. Sioje
disertacijoje nagring¢jami rodikliai apémeé pacienty, kuriems taikytas gydymas
intravenine trombolize ir mechanine trombektomija, tiesés krypties
koeficiento pokytj prie§ intervencija ir po jos bei laiko nuo atvykimo iki
intraveninés trombolizés atlikimo tendencijg po intervencijos.

Il tyrime buvo vertinamas interaktyviy GMP mokymy poveikis
septynioms skirtingoms su insultu susijusioms baigtims. Siai daktaro
disertacijai svarbios baigtys apémé teisingo insulto pacienty identifikavimo ir
pacienty, nuo insulto pradzios ] priémimo skubiosios pagalbos skyriy
transportuoty per 90 minuciy, dalj.

Pagrindiniai Il tyrimo vertinamieji rezultatai buvo GSI
pacienty vieneriy mety mirtingumas, geros 90 dieny funkcinés baigtys (mRS
<2) ir gera su sveikata susijusi gyvenimo kokybé po 90 dieny pagal EQ-5D-
3L.

IV tyrimo vertinamieji rezultatai buvo pacienty, kuriems jtariamas
insultas, ir hospitalizacijy dél insulto atvejy daznis bei insulto imitatoriy
pasiskirstymo poky¢€iai pries ir per visoje Salyje paskelbtus COVID-19
karantino ribojimus.

Klinikiniy ir laboratoriniy veiksniy poveikiui 3 ménesiy mirtingumui po
insulto ir RT istirti V' tyrime buvo sudaryti daugialypés logistinés regresijos
modeliai.

2.7. Statistiné analizé

I tyrime naudotas retrospektyvus pertraukty laiko intervaly metodas, juo
vertintos metinés rodikliy tendencijos prie$ ir po to, kai 2014 m. Lietuvoje
buvo inicijuota insulto diagnostikos ir gydymo reorganizacija (85, 86).
Analiz¢ atlikta taikant §ig regresijos lygti: Yi = Bo + BTt + B2Xt + BaPt + &,
¢ia Yt — agreguota baigtis t laiku (metais), T: — laikas (metais) nuo tiriamojo
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laikotarpio pradzios, X; — fiktyvus kintamasis, nusakantis laikotarpj po insulto
gydymo reorganizacijos, P;— testinis kintamasis, nurodantis laikg (metais) nuo
intervencijos (prie$ intervencijg P; yra lygus 0), Bo — interceptas, 1 — tiesés
krypties koeficientas iki intervencijos, B, — tiesés krypties koeficiento pokytis
i§ karto po intervencijos, Bz — skirtumas tarp tiesiy krypc¢iy koeficienty pries ir
po intervencijos. ApskaiCiuotos standartinés paklaidos.

Il tyrime pries GMP mokymus buvusios ménesinés GMP ir ligoninés
veiklos rodikliy tendencijos jvertintos taikant vienalype tiesing regresija ir 2
testag tendencijai nustatyti. Paskui sukurti daugialypés logistinés regresijos
modeliai, skirti GMP mokymy ir ménesiniy GMP veiklos ir ligoninés rodikliy
poky¢iy rysiui jvertinti. Siekiant atsizvelgti j galima amziaus, lyties, GMP
lokalizacijos (miesto ar apskrities GMP tarnyba) ir insulto potipio Salutinj
poveikj (angl. confounding), naudota hibridiné grjztamoji ir priekiné
zingsniné atranka pagal Akaike informacijos kriterijy (87), paSalinant
kintamuosius, kuriy rySys buvo nereik§mingas (P > 0,05). Amzius buvo
priverstinai jtrauktas j visus modelius kaip a priori Salutinis veiksnys.

Siekiant nustatyti kiekvieno kintamojo prognosting reikSme pacienty
iSgyvenamumui, Il tyrime buvo atliktos vienalypé ir daugialypé Kokso
regresijos analizés iSgyvenamumo duomenims. Hospitalizavimo dél insulto
data buvo traktuojama kaip pradinis laikas iSgyvenamumo analizei. Tirti Sie
kintamieji: prieSirdziy virpéjimas, amzius, lytis, RT taikymas, gera pradiné
funkciné buklé (mRS <2) ir pradinis Nacionalinio sveikatos instituto insulto
skalés (NIHSS) jvertis balais. Kintamieji, kurie vienalypés analizés metu
pasirodé esantys reikSmingi (P < 0,1), buvo jtraukti j daugialypi modelj.
Rizikos santykis buvo pateiktas su 95 proc. pasikliautinaisiais intervalais (95
proc. PI). Be to, buvo atlikta tieck nekoreguota, tiek koreguota logistinés
regresijos analizeé, kai priklausomu kintamuoju laikyta gera funkciné baigtis
(mRS <2). Koreguota logistinés regresijos analizé buvo atlikta taikant
zingsning tiesioging atrankg, remiantis reikSmingais kintamaisiais
koreguotuose modeliuose. Galiausiai daugialypé tiesiné regresija taikyta
jvertinti nepriklausomy kintamyjy (amziaus, lyties, priesirdziy virpéjimo, RT,
geros pradinés funkcinés buklés ir pradinio NIHSS balo) bei su sveikata
susijusios gyvenimo kokybés, iSreikStos EQ-VAS ir EQ-5D-3L indeksy
balais, sasajas.

IV tyrime asmenys buvo suskirstyti j grupes pagal kreipimosi tipg (GMP
ar gydytojo siuntimas) ir laikotarpius (prie§ karantino ribojimus ar jy metu).
IS pradziy jvertinome insulto atvejy daznj skirtingais laikotarpiais ir
skirtingiems siuntimo j priémimo skubiosios pagalbos skyriy budams. Tada
naudojome Puasono regresijos modelius, kuriuose kaip priklausomi
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kintamieji buvo nurodyti kasdieniai jtariamy insulty ir hospitalizacijy dél
insulto skaiciai, o kaip nepriklausomas kintamasis — tyrimo laikotarpis. Antra,
jvertinome insulto imitatoriy pasiskirstyma tarp skirtingy sveikatos priezitiros
paslaugy teikéjy ir laikotarpiy.

V tyrime reikSmingi vienalypés analizés prognostiniai faktoriai (P < 0,1)
buvo jtraukti | daugialypés logistinés regresijos modelj, siekiant nustatyti
jtaka 90 dieny mirtingumui po insulto. Apskai¢iuotas $ansy santykis (SS) ir
95 proc. PI.
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3. REZULTATAI
3.1. | — Insulto gydymo reorganizacija

IS viso Lietuvos ligoninése iki insulto gydymo pertvarkos buvo gydyti
114 436, 0 po jos — 65 084 pacientai, kuriems buvo diagnozuotas Gminis
iSeminis GSI. Uminio iSeminio GSI pacienty, gydyty intravenine trombolize
rtPA, dalis visy GSI atvejy padidéjo nuo 1,5 proc. (arba 197 atvejy) 2013 m.
iki 12,6 proc. (arba 1 219 atvejy) 2019 m. — tai SeSiskart absoliutus ir
aStuoniskart santykinis padidé¢jimas. Pana$iai padidéjo ir atlikty mechaniniy
trombektomijy skaic¢ius — nuo 10 atvejy, arba 0,1 proc., visy GSI 2013 m. iki
518 atvejy, arba 5,4 proc., visy GSI 2019 m. I§ karto po insulto gydymo
pertvarkos statistiskai reikSmingai padidéjo tik pacienty, kuriems buvo taikyta
intraveniné tromboliz¢, dalis (B, = 1,32+0,38, P = 0,006), 0 reikSmingas
tendencijos pokytis ilgalaikiu laikotarpiu po insulto gydymo pertvarkos buvo
tiek pacienty, kuriems taikyta intraveniné trombolizé (Bs = 1,42+0,96, P <
0,001), tiek ty, kuriems taikyta mechaniné trombektomija (3 = 0,85+0,05, P
<0,001).

Be to, nuo 2014 m., kai buvo pradétas registruoti vidutinis laikas nuo
insulto pacienty atvykimo j Lietuvos IGC ir TPL iki intraveninés trombolizés
pradzios, matoma statistiskai reikSminga jo maz¢jimo tendencija (B1 = 5,28+
0,002, P <0,001) — vidutini§kai beveik 5 min. per metus nuo 68 min. 2014 m.
iki 43 min. 2019 m.

3.2. Il — Interaktyvis greitosios medicinos pagalbos personalo mokymai

I$ viso tyrimo laikotarpiu | VUL SK Priémimo skubiosios pagalbos
skyriy buvo atvezti 677 pacientai, kuriems jtartas insultas (73,9 proc.). I§ jy
509 pacienty diagnozé pasitvirtino (55,6 proc.), 0 168 atvejais buvo klaidinga
(18,3 proc.). GMP personalas neatpazino 239 (26,1 proc.) insulto atvejy,
vadinamy insulto chameleonais. Tiriamosios grupés prie§ ir po mokymy
nesiskyré pagal demografinius duomenis, insulto potipj ir pradinj NIHSS bala.
Vilniaus miesto GMP stotis j Priémimo skubiosios pagalbos skyriy pervezé
500 pacienty (54,6 proc.), o rajono ir apskri¢iy GMP — 416 (45,4 proc.).

Per SeSis ménesius iki GMP mokymy nenustatéme jokiy reik§mingy
GMP veiklos ar ikistacionarinés priezitros rodikliy tendencijy. Teigiama
prognostiné reiksmé (TPR, angl. positive predictive value) teisingai nustatant
Uminiu insultu serganCius pacientus buvo reikSmingai didesné
laikotarpiu po mokymy (79,8 proc. [75,1-84,4], palyginti su 71,8 proc.
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[67,3-76,3], P = 0,017). Daugialypé logistiné regresija parodé geresnj TPR
SS, kuris iliko reik§mingas ir atsizvelgus j amziy, lytj ir GMP lokalizacija
(koreguotas SS 1,6 [1,1-2,4]). Be to, nustatyti padidéje paciento atvykimo j
ligoning per 90 min. nuo insulto pradzios $ansai (koreguotas SS 1,6 [1,1-2,5]),
kuriuos 1émé pageréje Vilniaus miesto GMP stoties rezultatai (41,1 proc.
[33,5-49,0], palyginti su 56,8 proc. [46,4—66,7] po mokymy, P = 0,019).

ReikSmingo pradinio TPR skirtumo tarp miesto ir apskri¢iy GMP
nebuvo. Tadiau po mokymy TPR pageréjo miesto GMP grupéje (84,9 proc.
[78,9-90,8] poir 71,2 proc. [65,1-77,2] prie§ GMP mokymus, P = 0,003), bet
ne apskri¢iy GMP (75,0 proc. [68,0-82,0] po ir 72,6 proc. [66,0-79,2] pries§
GMP mokymus, P =0,621).

Trumpesné laiko nuo insulto pradzios iki atvykimo j ligoning mediana
buvo rasta tarp miesto GMP siysty pacienty 93 [67-159] min. palyginti su 137
[89-269] min. apskri¢iy GMP, P <0,001). Taip pat didesné dalis miesto GMP
atvezty pacienty, palyginti su apskri¢iy GMP, pasieké IGC per 90 min. (46,9
proc. [40,6-53,2] ir 25,3 proc. [19,7-31,8] atitinkamai, P < 0,001). Po
mokymy pastebéta silpna absoliutaus laiko nuo insulto pradzios iki atvykimo
i ligoning pageréjimo tendencija (84,5 min., palyginti su 108,0 min., P =
0,074) ir reikSmingai pageréjes atvykimo | ligoning per 90 min. nuo insulto
pradzios rodiklis miesto GMP (70,5 proc. [60,2—79,0], palyginti su 41,1 proc.
[33,5-49,0], P = 0,019), bet ne apskrities GMP grupé¢je (28,0 proc. [19,9—
37,8], palyginti su 22,8 proc. [15,7-31,9], P = 0,406).

3.3. Il — Tlgalaikiai reperfuzinés terapijos rezultatai

I8 viso miusy tyrime dalyvavo 238 timinio iSeminio GSI pacientai, kuriy
vidutinis amzius buvo 71,4+11,9 mety ir i§ kuriy 45,0 proc. sudaré moterys.
Atlikus vienalype Kokso regresijos analize iSgyvenamumo duomenims,
nustatyta, kad amzius (P <0,001), zinomas priesirdziy virpé&jimas (P < 0,001),
pradiné gera funkciné buklé (P < 0,001) ir pradinis NIHSS balas (P < 0,001)
turéjo reikSmingg jtaka pacienty, patyrusiy insulta, i§gyvenamumui. Taciau
daugialypiame modelyje reikSminga jtaka pacienty iSgyvenamumui turéjo tik
amzius (P = 0,007) ir pradinis NIHSS balas (P < 0,001).

IS viso 133 1§ 186 iSgyvenusiy pacienty ar pacientg prizitirin¢iy asmeny
po 90 dieny uzpildé mRS klausimyng: 58,6 proc. respondenty buvo laikomi
savarankiSkais kasdienéje veikloje (mRS balas <2). Daugialypés dvinarés
logistinés regresijos analizés metu RT (SS 3,91 [95 proc. P1 1,66-10,05], P =
0,003) ir pradinis NIHSS balas (SS 0,82 [95 proc. Pl 0,73-0,90], P < 0,001)
buvo vieninteliai du veiksniai, statistiSkai reikSmingai léme gera funkcing
baigtj (mRS <2).
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IS viso 126 pacientai arba pacienty globéjai uzpildé EQ-5D-3L
klausimyna, o 111 GSI pacienty jvertino savo EQ-VAS balg pra¢jus 90 dieny
insulto. Daugialypé tiesiné regresiné¢ analizé parodé, kad RT turéjo
reik§mingg jtaka tiek EQ-VAS (B£SE: 9,57144,583, P = 0,039), tiek EQ-5D-
3L indeksui (B£SE: 0,137+0,058, P =0,021), atsizvelgus j amziy, lytj, zinoma
priesirdziy virpéjima, prading gera funkcing bikle ir pradinj NIHSS bala.

3.4. IV — Mazo COVID-19 sergamumo karantino ribojimai

I viso | analize jtraukta 719 pacienty, kuriems buvo jtartas insultas: 493
pacientai nukreipti GMP, o0 226 j priémimo skubiosios pagalvos skyriy atvyko
su gydytojo siuntimu. Né vienam pacientui nebuvo diagnozuotas COVID-19.

Nustatyta, kad karantino ribojimy metu sumazéjo per dieng jtarty insulty
skaiiaus (3 [1-4], palyginti su 4 [3-6], P < 0,001) ir patvirtinty insulty
skai¢iaus (2 [1-2], palyginti su 3 [2-4], P < 0,001) medianos. Karantino
ribojimy metu ambulatoriniy gydytojy siuntimy dél insulto sumazéjo tris
kartus. Vis délto priémimo skubiosios pagalbos skyriuje patvirtinty insulty
pries karanting ir karantino laikotarpiu dalis reik§mingai nesiskyré (24,6 proc.,
palyginti su 24,2 proc., P = 0,807).

Puasono regresijos modelis atskleidé, kad karantino laikotarpis buvo
susijes su kasdieniy jtarty insulto atvejy skai¢iaus mazéjimu: santyking rizika
(angl. rate ratio) 0,61 (95 proc. P1 0,52-0,71, P <0,001), o hospitalizacijy dél
insulto — 0,63 (95 proc. P1 0,52-0,76, P <0,001).

Traukuliai ir infekcija / sepsis buvo reikSmingai daZnesni insulto
imitatoriai tarp pacienty, kuriuos atvezé GMP, palyginti su j priémimo
skubiosios pagalbos skyriy atvezty pacienty su gydytojy siuntimu (16,5 proc.,
palyginti su 4,5 proc., ir 13,9 proc., palyginti su 4,5 proc., atitinkamai P =
0,002 ir P = 0,010), o periferinés vestibulopatijos nustatytos statistiskai
reik§mingai reciau (0,9 proc., palyginti su 18,0 proc., P < 0,001). Lyginant
tirlamuosius laikotarpius, izoliuoti neurologiniai simptomai, susij¢ su
normaliais neurologinio tyrimo rezultatais, buvo retesni insulto imitatoriai
karantino metu (2,4 proc., palyginti su 11,6 proc., P = 0,015), o traukuliai ir
intrakranijiniai navikai buvo reik§mingai daznesni (16,9 proc., palyginti su 6,7
proc., bei 9,6 proc., palyginti su 3,0 proc., atitinkamai P = 0,012 ir P =0,037).

3.5. V- COVID-19 serganciy insulto pacienty reperfuzinis gydymas
I V tyrima buvo jtraukta 31 tiriamyjy ir kontroliniy GSI pacienty pora.

COVID-19 teigiama rezultata turintys GSI pacientai vidutiniSkai buvo 74,0
mety, o kontroliniai pacientai 73,7 mety amziaus. Kohortoje buvo 40 motery
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(64,5 proc.). Insulto rizikos veiksniy paplitimas tarp abiejy grupiy statistiskai
reikSmingai nesiskyré. Keturiolikai (22,5 proc.) pacienty buvo atlikta
intraveniné trombolizé¢, 30 (48,4 proc.) pacienty taikyta mechaniné
trombektomija, o 18 (29,1 proc.) pacienty taikytas kombinuotas gydymas.
PenkiasdeSimt SeSiems (90,3 proc.) pacientams buvo diagnozuotas priekinés
kraujotakos insultas.

DevyniasdeSimties dieny mirtingumas buvo reikSmingai didesnis
COVID-19 grupéje, palyginti su kontroline grupe (54,8 proc., palyginti su
12,9 proc., P =0,001). Trijy ménesiy mirtingumui statistiSkai reikSmingg jtaka
turéje kintamieji buvo amzius (P = 0,022), hipoksemija (P = 0,079), pradinis
NIHSS balas (P = 0,001), COVID-19 infekcija (P = 0,001), bendras leukocity
skai¢ius bendrame kraujo tyrime (P = 0,079) ir C reaktyviojo baltymo (CRB)
koncentracija (P = 0,093). Vyresnis amzius ir didesnis pradinis NIHSS buvo
susij¢ su didesniais trijy ménesiy mirtingumo Sansais po insulto ir RT.
COVID-19 infekcija mirties tikimybe praéjus trims ménesiams po insulto ir
RT padidino septynis kartus (SS 6,70; 95 proc. Pl 1,03-43,58).
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4. DISKUSIJA

Sioje daktaro disertacijoje pirmg kartg analizuota visa Lietuvos @iminio
iSeminio GSI pacienty populiacija ir jvertintas insulto gydymo
reorganizacijos, insulto charakteristiky ir i$oriniy veiksniy poveikis daugeliui
insulto priezitros rodikliy. Nustatyta reikSminga RT rodikliy geréjimo
tendencija ir vidutinio laiko nuo atvykimo ] ligoning iki intraveninés
trombolizés atlikimo mazéjimo tendencija Lietuvos IGC ir TPL nuo 2014 m.,
kai buvo atliktas insulto gydymo reorganizacija (I publikacija). Antra,
nustatyta, kad interaktyviis GMP mokymai reikSmingai pagerina pacienty,
patyrusiy GSI, atpazinimo tikslumg ir mazina jy transportavimo iki ligoninés
laikg (Il publikacija). Tre¢ia, misy duomenys parodé, kad RT pagerina
fiminio iSeminio GSI pacienty 90 dieny funkcinius rezultatus ir su sveikata
susijusia gyvenimo kokybe, bet ne pacienty iSgyvenamumg, koreguojant
pagal skirtingas insulto charakteristikas (111 publikacija). Taip pat nustatyta,
kad COVID-19 karantino ribojimai yra susij¢ su sumazéjusiu jtariamy insulto
atvejy ir hospitalizacijy dél insulto skai¢iumi bei su insulta imituojanciy
biukliy pokyciais (IV publikacija). Galiausiai misy duomenys rodo, kad
COVID-19 yrareikSmingas prastesnio iiminio iSeminio GSI pacienty 90 dieny
iSgyvenamumo po RT prognostinis veiksnys (V publikacija).

Toliau rezultatai aptariami ir palyginami su ankstesne literatiira,
atsizvelgiant j atitinkamga publikacija.

4.1. 1 - Insulto gydymo reorganizacija

Daugybé ankstesniy tyrimy parodé, kad skirtingose Salyse jvairiais
laikotarpiais nuolat didéjo dalis Giminio iSeminio GSI pacienty, kuriems
taikyta intraveniné trombolizé (88-106) ir mechaniné trombektomija (106—
108). Vis d¢lto miisy duomenys rodo, kad Lietuvoje intraveninés trombolizés
atvejy skaiciaus ir daznio proverzis $alies mastu jvyko tik po insulto gydymo
reorganizacijos. Analogiskai bendras mechaninés trombektomijos atvejy
skaicius iki nacionalinés politikos poky¢iy buvo vienzenklis, o po 2014 m.
staigiai iSaugo. Kita vertus, tam galéjo turéti jtakos ir kai kurie Salutiniai
veiksniai, pavyzdziui, 2015 m. publikuoti teigiami mechaninés
trombektomijos tyrimy rezultatai, padiding gydytojy pasitikéjimg mechaninés
trombektomijos saugumu ir veiksmingumu (107). Vis délto, miisy manymu,
retrospektyvus  RT iSlaidy kompensavimas pagal fakta ir kvoty
hospitalizacijoms dél insulto panaikinimas galéjo buti didesné paskata RT
plétrai Salyje. Nors néra aiSkiy intraveninés trombolizés ir mechaninés
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trombektomijos dalies nuo visy Uminiy iSeminiy GSI etalony (2019 m.
Lietuvoje Sie rodikliai buvo atitinkamai 12,6 proc. ir 5,4 proc.) (10),
potencialas Salies rodikliams geréti iSlicka. Juolab kad pacienty, kuriems
taikyta intraveniné trombolizé nacionaliniu mastu, Cekijoje buvo 23,5 proc.,
o analogiSkas mechaniné trombektomijos rodiklis Maltoje buvo 5,6 proc. (57,
105).

Tarptautinése gairése rekomenduojama kurti insulto priezitiros sistemas
taip, kad pacientai, kuriems galima taikyti RT, biity gydomi per trumpiausia
imanomg laikg nuo insulto pradzios (109). Miisy tyrimo metu nustatyta
statistiSkai reik§minga vidutinio laiko nuo atvykimo j priémimo skubiosios
pagalbos skyriy iki intraveninés trombolizés taikymo mazéjimo tendencija
Lietuvos ligoninése — nuo 68 min. 2014 m. iki 43 min. 2019 m. Tikétina, kad
didesnés gydymo apimtys gali lemti trumpesnj laikg iki RT — tai gydytojo
patirt] ir pasitikéjimg atspindintis rodiklis (100, 110, 111). Be to, ketvirtinés
Insulto integruotos sveikatos prieziiiros valdymo komiteto ataskaitos ir metiné
IGC ir TPL pazangos stebésena galéjo sukurti papildomg paskata (112). Vis
délto naujausi Cekijos duomenys rodo, kad ir nacionaliné laiko nuo susirgimo
iki intraveninés trombolizés mediana <25 min. yra jmanoma (105).

I straipsnio retrospektyvus pertraukty laiko intervaly pobudis yra
kvazieksperimentinis, naudojamas vienos intervencijos poveikiui jvertinti,
todél jmanoma, kad ir neiSmatuoti Salutiniai veiksniai (tokie kaip maz¢jantis
Sirdies ir kraujagysliy ligy rizikos veiksniy paplitimas) galé¢jo turéti jtakos
rezultatams. Dar vienas tyrimo trikumas yra tas, kad Siame straipsnyje
netyréme COVID-19 pandemijos jtakos insulto prieziliros rezultatams, nes
samoningai pasirinkome analizuoti laikotarpj iki pandemijos. Trecia, 2015 m.
publikuoti teigiami mechaninés trombektomijos tyrimy rezultatai gal¢jo turéti
jtakos padidéjusiam trombektomijy skai¢iui visoje Salyje, didéjant gydytojy
neurology pasitikéjimui  mechaninés trombektomijos saugumu ir
veiksmingumu (107). Ketvirta, funkciniy ir ilgalaikiy rezultaty po iSraSymo i$
ligoninés nebuvo galima jvertinti dél ribotos galimybés gauti tokius duomenis
i§ valstybés institucijy. Penkta, miisy analizé pagrista hospitalizuoty Giminio
iSeminio GSI pacienty skai¢iumi, o ne bendru Uminio iSeminio GSI
sergamumu. Vis délto tikrasis $iy rodikliy skirtumas yra nedidelis, nes pagal
Lietuvoje taikoma insulto gydymo ir profilaktikos metodikg kiekvienam
insultu sergan¢iam pacientui rekomenduojamas stacionarinis gydymas (112).

| straipsnio stiprybé yra tai, kad analizé apima visus Lietuvos iiminio
iSeminio GSI atvejus, o tai leidzia iSsiaiSkinti realias bendras Salies Giminio
insulto gydymo rezultaty tendencijas. Be to, tai yra pirmasis tyrimas i§ labai
didelio sirdies ir kraujagysliy ligy rizikos faktoriy paplitimo regiono (40),
parodantis, kad visapusiskas nacionalinés insulto priezitiros politikos poky¢iy
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paketas gali buti susijes su geresniais svarbiausiy insulto priezidiros rodikliy
rezultatais.

4.2. 11 — Interaktyvis greitosios medicinos pagalbos personalo mokymai

11 tyrimo metu nustatyta, kad geresnis ikihospitalinis insulto atpaZinimas
iSliko maziausiai keturis ménesius po interaktyviy GMP mokymy. Antra, po
mokymy pageréjo jtariamo insulto pacienty savalaikis transportavimas j
ligonine. Trec¢ia, mokymy poveikis buvo ryskesnis miesto GMP grupéje.

Po mokymy nustatyta maziau insulto imitatoriy, taciau neatpaZinty
insulty dalis nepadidéjo. Taigi TPR padidéjimas neatémé i§ dalies Gminio
iSeminio GSI pacienty savalaikio RT gydymo galimybés. Viena i$ priezasciy,
kodél labai pageréjo TPR miesto, bet ne rajono ir apskri¢iy GMP grupéje,
galéjo buti nuo 2020 m. sausio 1 d. jsigaliojusi nauja Lietuvos Respublikos
sveikatos apsaugos ministro jsakymo dél insulto priezitiros paslaugy teikimo
tvarkos apraSo redakcija, kurios jsigaliojimas i dalies sutapo su tiriamuoju
laikotarpiu po GMP mokymy. Pagal naujajj teisés aktg jtariami insulto
pacientai turi buiti transportuojami tiesiai j kurj nors i§ Lietuvos IGC arba TPL,
aplenkiant kitas ASP], nepriklausomai nuo laiko, kada pacientas paskutinj
karta buvo matytas sveikas. Sie insulto pacienty transportavimo tvarkos
poky¢iai gal¢jo padidinti insulto imitatoriy skaicius rajony GMP grupgje, nes
GMP daugiau pacienty su jtariamu insultu vez¢é tiesiai j IGC ir TPL, bet ne |
kitas ASP]. Taigi, silpna TPR pager¢jimo tendencija apskri¢iy GMP grupéje
atspindi GMP mokymy poveikj, kompensuojantj tikéting TPR sumazéjima
rajono GMP grupgje. Kitas galimas paaiskinimas galéty buti skirtingos miesto
ir rajono paramediky Zinios apie insulta prie§ mokymus arba kiti Salutiniai
veiksniai, tokie kaip socioekonominés pacienty padéties skirtumai, gretutinés
ligos ar kiti kintamieji, nevertinti Siame tyrime.

TPR padidéjimas po mokymy yra kliniskai svarbus, nes rodo, kad GMP
mokymai gali padéti reikSmingai sumazinti klaidingai teigiamy insulto atvejy
skaiciy, be reikalo apkraunanciy timinio insulto prieziiiros sistema. Optimaliai
panaudoti ikihospitalinés insulto pagalbos ir radiologiniy tyrimy isteklius
ypa¢ svarbu didziausio sergamumo insultu valandomis, pavyzdziui, rytais
(104), arba esant ekstremalioms visuomenés sveikatos situacijoms, tokioms
kaip COVID-19 pandemija. Todél svarbu nuolatos stengtis uztikrinti tiksly
insulto identifikavimg ikihospitaliniu periodu.

IS ankstesniy tyrimy zinoma, kad trumpi GMP mokymai gali pagerinti
paramediky Zinias apie insulto atpazinimo skales, ligoninés prenotifikacijos
svarbg ir pacienty rusiavimg (48, 105). Be to, Oostema ir kt. atliktame
perspektyviame tyrime buvo jvertintas realus GMP mokymy poveikis
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ikihospitaliniam insulto atpazinimui ir nustatyta, kad internetinis GMP
mokymy modulis kartu su griztamuoju ry$iu apie rezultatus buvo susijes su
geresniu insulto atpazinimo jautrumu, daznesne ligoninés prenotifikacija ir
greitesniu intraveninés trombolizés atlikimu (47). Misy tyrimas papildo Siuos
literatiiros duomenis, kad GMP mokymai gali pagerinti ikihospitalinj insulto
atpazinimg ir savalaikj transportavimg j priémimo skubiosios pagalbos skyriy.
Taip pat pazymime, kad galimai dél palyginti auksto pradinio pacienty
atpazinimo po mokymy $is rodiklis reikSmingai nepasikeité. Insulto
atpazinimo jautrumas iki mokymy (68,0 proc.) miisy tyrime buvo panasus j
Oostema ir kt. tyrimo jautrumg po mokymy (69,5 proc.), o tai rodo galima
insulto jautrumo pageréjimo luby efekta. Vis délto, nepaisant TPR
pageréjimo, nepadidéjo klaidingai neigiamy pacienty dalis, todél pacientams,
patyrusiems insulta, nebuvo atimta galimybé laiku gauti reikalinga gydyma.

Neseniai Jungtinéje Karalystéje atlikto daugiacentrio atsitiktiniy imciy
klinikinio tyrimo PASTA (angl. Paramedic Acute Stroke Treatment
Assessment) metu buvo bandoma pagerinti ikihospitaling insulto priezitirg.
Stebina tai, kad po Sios edukacinés intervencijos laikas, paramediky praleistas
insulto jvykio vietoje, pailgéjo 8,5 minutés, o intraveninés trombolizés
atlikimo daZnio rodiklis reik§mingai nepasikeité (54). Tikétina, kad sudétingi
ikihospitalinio pacienty riiSiavimo protokolai nepalengvino sprendimy del
intraveninés trombolizés atlikimo priémimo. Kita vertus, rasta priestaringy
neatsitiktiniy iméiy intervenciniy tyrimy rezultaty, rodanéiy, kad GMP
personalo mokymai gali pagerinti RT rodiklius (49,56) ir laika nuo insulto
pacienty patekimo ] ligoning iki intraveninés trombolizés atlikimo (47, 49).
Be ankstesniy tyrimy, miisy tyrimas rodo, kad interaktyviis GMP mokymai
gali pagerinti insulto atpazinimo ir pacienty transportavimo laika, taip
pagerindami @iminio insulto gydymo savalaikiskuma. Vis délto miisy tyrimas
nebuvo skirtas ligoninés veiklos rezultatams vertinti, nes nerinkome duomeny
apie ligoninés prenotifikacijos daznj, o GMP personalo dalyvavimas
apsiribojo ikihospitaliniu insulto priezidiros periodu. Kiti ligoninés kintamieji,
pavyzdziui, radiologiniy tyrimy prieinamumas, galimybé greitai interpretuoti
pacienty radiologinius vaizdus ir priémimo skubiosios pagalbos skyriaus
darbuotojy darbo kravis, taip pat gali turéti jtakos insulto priezitiros
veiksmingumui, taciau misy tyrime j juos nebuvo atsizvelgta.

GMP mokymy poveikis savalaikiam insulto pacienty transportavimui
buvo stipresnis miesto GMP grupéje nei tarp rajono GMP. Kadangi
transportavimo laikas i§ atokiy regiony yra ilgesnis dél didesnio atstumo tarp
paciento gyvenamosios vietos ir IGC, maZiau pacienty galéjo spéti atvykti per
90 minuéiy nuo simptomy pradzios. Be to, dél tyrimo metu pakeisto insulto
priezitiros tvarkos apraso visais jtariamo insulto atvejais turéjo buti vezama j
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IGC ir TPL, neatsizvelgiant | simptomy atsiradimo laikg. Taigi rajono GMP,
bet ne miesto GMP grupéje padaugéjo pacienty, dél jtariamo insulto
nepatenkanciy j RT langa. Vadinasi, $is ministro jsakymas galéjo iskreipti
realy GMP mokymo poveikj rajono GMP grupéje miisy tyrimo metu.

Pagrindinis 11 tyrimo privalumas — perspektyvus pobtdis ir palyginti
didelé imtis. GMP darbuotojai apie konkreciy atokiyjy rezultaty vertinimag i§
anksto informuoti nebuvo, noréta iSvengti efekto, kai dalyviai kei¢ia savo
elgesj, zinodami, kad yra stebimi (111).

Pagrindinis 11 tyrimo trikumas — nebuvo kontrolinés grupés. Vis délto
kadangi jtariamo insulto atvejy demografinés ir klinikinés charakteristikos
prie§ mokymus ir po jy reikSmingai nesiskyré, Salutiniy veiksniy jtaka,
tikétina, buvo ribota. Be to, buvo lyginti panasiis kalendoriniai laikotarpiai.
Vykdyti mokymai buvo savanoriski, tad juose dalyvavo Siek tiek daugiau nei
pusé¢ GMP darbuotojy. D¢l to sudétingiau aptikti reik§minga mokymy efekta,
tad tikétina, jog mokymy efektas biity stipresnis, jei juose dalyviy biity
daugiau. Trecia, dél pasikeitusiy insulto transportavimo gairiy po mokymy
padidéjo per dieng diagnozuoty insulto atvejy skaifiaus mediana. Taciau
nezymus insulto paplitimo padidéjimas laikotarpiu po mokymo negali visiskai
paaiskinti TPR pageréjimo. Ketvirta, miisy mokymuose nedalyvavo
dispeceriai, todél papildomy dalyviy jtraukimas ] intervencija galéty dar
labiau pagerinti ikihospitalinés insulto priezitiros rezultatus. Penkta, dél
prasidéjusios COVID-19 pandemijos tyrimg teko nutraukti prie§ paskelbiant
karantino ribojimus, kuriy metu apribota galimybé gauti planing sveikatos
prieziiirg. Tad negalime daryti iSvady apie ilgalaikj mokymy poveikj, nes
turime tik keturiy ménesiy rezultatus. Galiausiai, miisy tyrimas buvo atliktas
labai didelés $irdies ir kraujagysliy ligy rizikos populiacijoje (40). Sias i§vadas
galima apibendrinti §iuo metu nepakankamai atstovaujamoms populiacijoms,
turin¢ioms panasias sveikatos priezitiros sistemas ir GMP personalo struktiira,
iskaitant, bet neapsiribojant, Baltijos regiono ir Ryty Europos Salimis. Todél
Sis tyrimas gali biiti naudingas ikihospitalinei pacienty priezitirai ir planuojant
tyrimus ateityje, kurie siekty pagerinti ikihospitalinio insulto priezitra,
naudojant viesai prieinamus elektroninius insulto mokymo isteklius.

4.3. 1l — Ilgalaikiai reperfuzinés terapijos rezultatai

Sis vieno centro perspektyvus stebimasis tyrimas parodé, kad @minio
iSeminio GSI pacientams taikoma RT gali biiti susijusi su palankia funkcine
baigtimi (mRS <2) ir geresne pacienty su sveikata susijusia gyvenimo kokybe
po 90 dieny. Vis délto pacienty iSgyvenamumas reikSmingai nesiskyre. Tai
atitinka ankstesnius literatiiros duomenis, kad nedidéjant pacienty
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mirtingumui @iminio iSeminio GSI pacientams per maZziau nei 4,5 val. nuo
susirgimo atlikta intraveniné trombolizé rtPA yra susijusi su geresnémis
funkcinémis baigtimis nei vien bazinis insulto gydymas (20, 121, 122). Nors
vis dar diskutuojama dél intraveninés trombolizés naudojimo Giminio insulto
atveju tam tikrose specifinése klinikinése situacijose (pavyzdziui, pries
mechaning trombektomijg ar pacientams, patyrusiems lakiininj insultg), $iuo
metu néra tvirty jrodymy, kad intraveninés trombolizés Siose klinikinése
situacijose reikéty vengti (121). PanaSiis rezultatai nustatyti ir insulto
pacientams, kuriems buvo atlikta mechaniné trombektomija. Suaugusiems
pacientams, kuriems dél stambios arterijos okliuzijos priekiniame kraujotakos
baseine jvyko GSI, praéjus nuo 6 iki 24 val. nuo tada, kai pacientas paskutinj
kartg matytas sveikas, ir atitinkantiems DEFUSE-3 (123) arba DAWN (124)
tyrimy atrankos kriterijus, mechaniné trombektomija ir geriausias medicininis
gydymas pagerina funkcines baigtis, palyginti su vien tik geriausiu
medicininiu gydymu, nedidéjant pacienty mirtingumui (125).

Kaip ir miisy tyrimo atveju, ankstesni tyrimai parod¢, kad mechaniné
trombektomija yra susijusi su geresne insulto pacienty gyvenimo kokybe
ilguoju laikotarpiu (126), nors $ios iSvados ir néra vienareik§més (127).
Taciau, nepaisant reikSmingo su sveikata susijusios gyvenimo kokybés
pager¢jimo po RT, zinoma, kad net ir po 5 mety iSgyvenusiy insulta asmeny
su sveikata susijusi gyvenimo kokybé pasizymi dideliu variabiliskumu ir
insulto pacienty gali islikti Zemesné nei bendrosios populiacijos (128).

11 tyrimas yra pirmasis tyrimas Lietuvoje, kuriame tirtas RT poveikis
pacienty mirtingumui, su sveikata susijusiai gyvenimo kokybei ir ilgalaikéms
funkcinéms baigtims ligoninés timinio i§eminio insulto pacienty grupéje.

Vis délto Sis tyrimas turi keleta trikumy. Visy pirma, kadangi tai buvo
vieno IGC tyrimas ir gana maza tyrimo imtis, miisy i§vady apibendrinamumas
gali biti ribotas, o kai kurie silpni statistiniai rySiai galéjo buiti nepastebéti. Be
to, po 90 dieny funkcinés buklés ir su sveikata susijusios gyvenimo kokybés
vertinimas buvo atlickamas telefonu, o kai kuriais atvejais | apklausa
atsakingjo pacienta prizitirintys asmenys, todél rezultatus sudétinga palyginti
su tyrimais, kuriuose su sveikata susijusi gyvenimo kokybé vertinama
individualiai, naudojant vaizdines priemones (129). Trecia, naudojome EQ-
5D-3L indeksg, kuris buvo patvirtintas pacientams, patyrusiems GSI (130),
taciau kadangi iki $iol néra lietuvisko reikSmiy rinkinio, naudotas bendras
europieciy reikSmiy rinkinys. Galiausiai, dalis pacienty buvo prarasta 90 dieny
stebgjimo apklausoje dél trumpo laikotarpio, kai tyréjai dél techniniy
priezasciy negaléjo atlikti apklausos telefonu. Taciau nebuvo saliskumo jokio
pacienty pogrupio atzvilgiu, todél, manome, kad tai neturé¢jo jtakos miisy
rezultatams.
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4.4. IV — Mazo COVID-19 sergamumo karantino ribojimai

Sio perspektyvaus tyrimo akademiniame IGC, turindiame didele
gyventojy apréptj, metu nustatéme, kad visuotinio karantino metu sumazgjo
jtariamy insulto pacienty skaiCius ir hospitalizacijy dél insulto daznis. Be to,
kaip insulto imitatoriai dazniau pasitaiké sunkios neurologinés biiklés, tokios
kaip traukuliai ir intrakranijiniai navikai. Misy i§vados suteikia naujy Ziniy
apie visuotinio karantino ribojimy poveikj ikihospitalinei insulto priezitirai
mazo COVID-19 sergamumo aplinkoje.

Nors  Lietuvoje  COVID-19 atvejy antpludzio  karantino
metu nenustatyta, vertinant Google Trends duomenis apie su COVID-19
susijusias paieskas, visuomenéje gerokai padidéjo susirtipinimas dél COVID-
19. Visos planinés sveikatos prieziliros paslaugos, prevencinés programos ir
planinés operacijos Salies mastu paskelbto karantino metu buvo sustabdytos,
todél galéjo pablogéti létiniy neurologiniy ligy kontrolé (37). Neoptimalig
jprasting prieziiirg atspindéjo smarkiai sumaZzéjes ambulatoriniy gydytojy
siuntimy dél jtariamo insulto skaicius ir padidéjusi traukuliy ir intrakranijiniy
naviky, imituojanciy insultg, dalis.

Kaip ir Kinijoje, Europoje, Taivane bei Jungtinése Amerikos Valstijose
atliktuose tyrimuose, mes taip pat nustatéme, kad karantino ribojimy metu
gerokai sumazéjo jtariamy insulto atvejy skaicius ir hospitalizacijy dél insulto
(35, 36, 41, 42, 131, 132, 133). Musy rezultatai suteikia papildomy ziniy apie
karantino ribojimy poveik]j insulto priezitiros sistemoms COVID-19 protriikio
saglygomis, kai COVID-19 sergamumas ir mirtingumas nuo $ios ligos yra
mazas. Dar vienas priémimo insulto priezitiros rodikliy tyrimas trijose tretinio
lygio universitetinése ligoninése Graikijoje, kur patvirtinty COVID-19 atvejy
skaiius taip pat buvo nedidelis, parodé¢, kad pastebimai sumazéjo pacienty,
patyrusiy insultg ir tminj koronarinj sindromga (41). Mes taip pat nustatéme,
kad karantino ribojimy metu sumazéjo praeinanciy smegeny iSemijos
priepuoliy (PSIP) atvejy skaicius. Taigi, sumazéjusj insulto ir PSIP
konsultacijy skaiciy galéjo lemti nenoras kreiptis j gydytoja esant lengviems
ar trumpalaikiams neurologiniams simptomams. Taciau reikia paminéti, kad,
nors misy tyrime ir nenustatytas reikSmingas insulto sunkumo pokytis,
NIHSS balas buvo zinomas tik ty pacienty, kuriems buvo svarstoma galimybé
atlikti RT.

Be to, nustatéme, kad traukuliai ir intrakranijiniai navikai karantino metu
buvo daznesni insulto imitatoriai. Neseniai musy jstaigoje atliktas tyrimas
parodé, kad epilepsija serganciy Zzmoniy priepuoliy kontrol¢ ir sveikatos bukleé
per visoje Salyje vykdytus karantino ribojimus buvo blogesné (134). Panasiai
ir Jungtinéje Karalystéje atlikto tyrimo duomenimis, prognozuota, kad vézio
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diagnostikos ir priezitros vélavimas per kitus penkerius metus gali sukelti
daugiau kaip 3 200 i$vengiamy mir¢iy nuo vézio (135). Apskritai Sios i§vados
pabrézia intervencijy, kuriomis siekiama optimizuoti specializuota priezitira
ir i8vengti diagnostikos vélavimo, svarba siekiant suSvelninti COVID-19
pandemijos poveikj. Visuomenés sveikatos poziiiriu miisy tyrimas turéjo
unikalig galimybe jvertinti karantino priemoniy poveikj insulto priezitirai
nepriklausomai nuo tiesioginés sergamumo COVID-19 jtakos. Dél ankstyvy
ir veiksmingy karantino ribojimy Lietuvoje sergamumas ir mirtingumas nuo
COVID-19 tyrimo laikotarpiu iSliko vienas i§ maziausiy Europoje (136).
Antra, siekdama apriboti galimg SARS-CoV-2 infekcijos plitima, Lietuvos
Respublikos Vyriausybé visoje valstybéje jvedé griezta karanting, tai smarkiai
apribojo socialinj gyvenimg ir galimybe naudotis jprastinémis sveikatos
priezitiros paslaugomis (37). Todél galéjome sékmingai iStirti karantino
priemoniy poveikj insulto priezitirai, nesusijusj su sergamumo COVID-19
jtaka sveikatos priezitiros sistemai. Visuotinio karantino priemonés galéjo
turéti nepageidaujamy Salutiniy padariniy ikihospitalinei insulto pagalbai.

IV tyrimo privalumas yra jo perspektyvus pobidis ir jog tai buvo
pirmasis visuotinio karantino ribojimy jtakos ikihospitalinei insulto rii§iavimo
kokybei ir insulto imitatoriy paskirstymui tyrimas. Be to, didelé reprezentatyvi
tretinio lygio IGC populiacija, apimanti trecdalj visos Salies, leidzia
apibendrinti miisy iSvadas panasSioms sveikatos prieziliros sistemoms.

IV tyrimas turi tam tikry traikumy. Visy pirma, kadangi tai buvo vieno
centro tyrimas, negalime atsizvelgti j pokycius kituose Salies IGC. Taciau
skirtumy neturéty biti dideliy, nes visi IGC ir TPL veiké toje pacioje mazo
sergamumo ir mazo mirtingumo COVID-19 aplinkoje. Dar vienas trikumas —
nebuvo duomeny apie atokigsias insulto pacienty funkcines baigtis. Nors
iSraSymo i§ ligoninés NIHSS balai nesiskyré iki visuotinio karantino ribojimy
ir jy metu, negaléjome jvertinti, ar pacienty delsimas vykti i priémimo
skubiosios pagalbos skyriy gal¢jo lemti prastesnius ilgalaikius funkcinius
rezultatus. Be to, mes pilnai negal¢jome atsizvelgti | sezoninius sergamumo
insultu pokyc¢ius. Vis délto 2018-2019 m. miisy IGC daugiau insulto atvejy
buvo pavasarj, o ne Ziemos ménesiais, tai leidzia manyti, kad hospitalizuoty
insulto pacienty sumazéjo ne dél sezoniniy svyravimy. Galiausiai misy
iSvados turi ribotg apibendrinamgjj pobudj didelio sergamumo COVID-19
atvejais, regionuose, kuriuose taikomi skirtingi insulto priezitiros protokolai ir
skiriasi socialinis bei sveikatos prieziiiros atsakas ] COVID-19 pandemija.
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4.5.V — COVID-19 serganciy insulto pacienty reperfuzinis gydymas

Tai pirmas visos Salies mastu atliktas poromis suderintas daugiacentris
atvejo-kontrolés tyrimas, kurio metu vertintas COVID-19 serganéiy insulto
pacienty, kuriems taikyta RT, mirtingumas. Nepaisant sékmingos
reperfuzijos, COVID-19 serganciy insulta patyrusiy pacienty 3 ménesiy
mirtingumo rodiklis buvo didesnis, palyginti su kontrolinés grupés insulto
pacientais.

COVID-19 sergantys insulto pacientai buvo reikSmingai prastesnés
funkcinés buklés, o jy NIHSS mediana iSraSymo metu buvo 15 baly. Tai
atitinka kity tyrimy duomenis, kuriuose nurodomas 31-60 proc. COVID-19
serganéiy iSeminio insulto pacienty hospitalinis mirtingumas (137-139).
Europos daugiacentrio mechaninés trombektomijos tyrimo metu buvo
nustatytas 27 proc. 30 dieny mirtingumas (140). Tuo tarpu 3 ménesiy
mirtingumas, analizuotas miisy studijoje, buvo dar didesnis nei ankstesnéje
literattiroje (141).

Miisy tyrime absoliuti dauguma COVID-19 serganéiy insulto pacienty
patyré sunkesnj insulta, nepaisant to, kad pradiniai tiriamyjy grupiy
ASPECTS (Alberta insulto programos ankstyvos kompiuterinés tomografijos
balas, angl. Alberta Stroke Program Early Computed Tomography Score)
balai nesiskyré. Sie rezultatai yra panasiis j ankstesniy tyrimy duomenis (141).
Vis délto tikrasis i8emijos apimtos teritorijos dydis COVID-19 pacientams
galéjo buti didesnis. Ankstesniame tyrime COVID-19 sergantiems insulto
pacientams, nepaisant anksti atliktos galvos magnetinio rezonanso
tomografijos (MRT), buvo nustatyti gerokai mazesni ASPECTS balai ir
didesnis infarkto ttris (142). Tuo tarpu misy tyrime insultui diagnozuoti
naudota kompiuteriné tomografija (KT). Nors ankstesnéje literatiiroje buvo
duomeny apie galimus nesutapimus tarp MRT ir KT ASPECTS baly
medianos COVID-19 neserganciy insulto pacienty radiologiniuose tyrimuose,
jtakos insulto gydymo baigtims nebuvo nustatyta (143). Todél COVID-19
budinga kraujagysliy endotelio disfunkcija galéjo turéti jtakos infarkto Serdies
didéjimui ir prisidéti prie blogy pacienty gydymo baigciy.

Hipoksija yra svarbus veiksnys, susijes su prastomis insulto gydymo
baigtimis. Misy tiriamyjy kohortoje 64,5 proc. COVID-19 serganéiy insulto
pacienty turéjo kvépavimo nepakankamumg. Beveik trecdaliui COVID-19
pacienty, kuriems buvo tminis insultas, dél sunkaus kvépavimo sistemos
sutrikimo prireiké ilgesnés intubacijos. Atlikus tiriamyjy pogrupio analize
(duomenys nepublikuoti), kvépavimo nepakankamuma turéjusiy pacienty
neurologiné biikle pragjus 24 val. po RT nepageré¢jo. Dauguma S$iy pacienty
tur¢jo stambios arterijos okliuzija, tad jiems prireiké mechaninés
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trombektomijos. Dél santykinai mazos musy kohortos imties negaléjome su
optimalia statistine galia atlikti pogrupiy analizés, ta¢iau buvo pastebéta
tendencija, kad pacientams, kuriems buvo kvépavimo nepakankamumas,
insultas buvo sunkesnis. Tai atitinka ankstesniy tyrimy duomenis. Dviejose
ankstesnése metaanalizése nustatyta, kad sunki COVID-19 liga dazniau
komplikuojasi sunkiu iSeminiu insultu (139,144). Pacientai, kuriems yra
sunkus kvépavimo funkcijos sutrikimas, turi didel¢ prastesniy baig€iy rizika
ir didesnj hospitalinj mirtinguma (138). Insulto centras Niujorke pranesé apie
reikSmingg ankstyva COVID-19 insultu serganciy pacienty, kuriems buvo
taikytas endovaskulinis gydymas, neurologinés biiklés pageréjima. Né vienam
i§ COVID-19 serganciy insulto pacienty, kuriems buvo reikSmingas buklés
pageréjimas, nebuvo nustatyta kvépavimo funkcijos sutrikimo pozymiy (145).
Kvépavimo funkecija, nors ir analizuota COVID-19 serganciy insulto pacienty
kohortose, nebuvo placiai nagrinéta ty pacienty, kuriems dél GSI buvo taikyta
RT. Savo tyrime pabréziame kvépavimo komplikacijy svarbg insulto
pacientams, kuriems taikomas specializuotas gydymas. Kvépavimo
nepakankamumas gali biiti svarbus veiksnys, lemiantis ankstyva neurologinés
buklés pablogéjima arba pageréjimo nebuvimg, nepaisant sékmingos
reperfuzijos.

Rizikos veiksniai, susije su prastesne COVID-19 serganciy insulto
pacienty funkcine bukle ir mirtingumu, yra vyresnis amzius, COVID-19
infekcija ir insulto sunkumas atvykus j ligonine. Misy tyrimo logistinés
regresijos modelis parod¢, kad tik didesnis pradinis NIHSS balas buvo susijes
su blogesnémis funkcinémis baigtimis. Trijy ménesiy mirtingumui reikSmingi
prognostiniai veiksniai logistinés regresijos modelyje buvo amzius, didesnis
pradinis NIHSS ir teigiamas SARS-CoV-2 tyrimo rezultatas. COVID-19
infekcija septynis kartus padidino mirties tikimybe praéjus 3 ménesiams po
insulto ir RT. Pripazjstame, kad miisy tyrimo regresinés analizés modelis gali
neatspindéti tikryjy COVID-19 serganciy insulto pacienty, kuriems taikoma
RT, blogos prognozés dél retrospektyvaus tyrimo pobtdZzio ir mazos imties.
Be to, i vienalype¢ ir daugialype logisting regresija jtraukéme tik paciento
anamnezés duomenis ir klinikinius bei laboratorinius duomenis, jvertintus
atvykus | ligoning. Kad hipoksija yra svarbus paveikto smegeny audinio
infarkto didé¢jimo veiksnys ir gali biiti susijusi su didesniu hospitaliniu
mirtingumu, teigéme, atsizvelge j didelj kvépavimo nepakankamumo daZnj
miisy tyrime. Vis délto neatmetama, kad didelio 3 ménesiy mirtingumo gali
biiti ir kity priezasciy.

V tyrimo stiprybé buvo tai, kad tyrimas apémé visus Lietuvos IGC.
Antra, mes atlikome vieng i§ nedaugelio tyrimy, kuriame buvo pateikti
duomenys apie COVID-19 serganéiy insulto pacienty mirtingumg praéjus
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3 ménesiams. D¢l to buvo galima palyginti COVID-19 sergancius insulto
pacientus su kontroline grupe, parodyti aiSkius mirtingumo ir funkciniy
rezultaty skirtumus, COVID-19 iskeliant kaip potencialy prognostinj blogos
insulto baigties veiksnj. Pagrindiniai V tyrimo trukumai yra retrospektyvus
tyrimo pobiidis ir palyginti nedidelé imtis, dél kuriy negaléjome patikimai
atlikti pogrupiy analizés. Kita silpnybé — pory palyginimo analizés metodas,
kuris gali netiksliai atspindéti tikruosius kontroliniy pacienty demografinius ir
klinikinius duomenis. Nors pateikéme 3 ménesiy mirtingumo rodiklius,
negaléjome palyginti i8gyvenusiy COVID-19 insulto pacienty funkciniy
rezultaty su kontroline grupe. Tai biity suteike papildomos informacijos apie
COVID-19 poveikj isgyvenusiems insulto pacientams.
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ISVADOS

1. Insulto gydymo reorganizacija Lietuvoje buvo susijusi su teigiamu
pacienty, gydyty RT (intravenine trombolize ir mechanine trombektomija),
dalies tendencijos pokyc¢iu. Be to, Lietuvos insulto centruose nuo 2014 m., kai
buvo pradétas registruoti vidutinis laikas nuo atvykimo j ligoning iki
intraveninés trombolizés atlikimo, matoma statistiskai reikSminga $io rodiklio
maz¢€jimo tendencija.

2. Interaktyvis GMP mokymai maziausiai keturiems ménesiams
reikSmingai pagerino ikihospitalinj insulto atpazinimg. Po mokymy
reik§mingai pageréjo pacienty transportavimo j insulto gydymo centra per
90 minuciy nuo insulto pradzios dalis miesto GMP, bet ne rajono GMP
grupéje.

3. Atsizvelgus | insulto charakteristikas, RT pagerina insulto pacienty
90 dieny funkcines baigtis ir su sveikata susijusig gyvenimo kokybe, bet ne
bendrg pacienty vieneriy mety i§gyvenamuma.

4. Kai sergamumas ir mirtingumas nuo COVID-19 yra nedidelis,
visuotinio karantino ribojimai yra susij¢ su mazesniais jtariamy insulty ir
hospitalizacijy dél insulto skaiCiais. Karantino metu traukuliai ir
intrakranijiniai navikai yra daznesni insulto imitatoriai. Visuotinio karantino
ribojimai neigiamai veikia ikihospitaline insulto priezilirg nepriklausomai nuo
sergamumo COVID-19.

5. COVID-19 yra reik§mingas prastesnio insulto pacienty 90 dieny
iSgyvenamumo po RT prognostinis veiksnys.

85



REFERENCE LIST

Vos T, Lim SS, Abbafati C, Abbas KM, Abbasi M, Abbasifard M,
Abbasi-Kangevari M, Abbastabar H, Abd-Allah F, Abdelalim A, et al.
Global burden of 369 diseases and injuries in 204 countries and
territories, 1990-2019: a systematic analysis for the Global Burden of
Disease Study 2019. The Lancet (2020) 396:1204-1222. doi:
10.1016/S0140-6736(20)30925-9

Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG,
Abbasifard M, Abbasi-Kangevari M, Abd-Allah F, Abedi V, et al.
Global, regional, and national burden of stroke and its risk factors,
1990-2019: a systematic analysis for the Global Burden of Disease
Study 2019. The Lancet Neurology (2021) 20:795-820. doi:
10.1016/S1474-4422(21)00252-0

Kim J, Thayabaranathan T, Donnan GA, Howard G, Howard VJ,
Rothwell PM, Feigin V, Norrving B, Owolabi M, Pandian J, et al.
Global Stroke Statistics 2019. International Journal of Stroke (2020)
15:819-838. doi: 10.1177/1747493020909545

Stevens E, Emmett E, Wang Y, McKevitt C, Wolfe C. The Burden of
Stroke in Europe. Stroke Alliance for Europe (2017).

Laucevi¢ius A, Rinkiiniené E, Petrulioniené Z, Ryliskyté L, Juceviciené
A, Puronaité R, Badariené J, Navickas R, Mikolaityté J, Gargalskaité
U, et al. Trends in cardiovascular risk factor prevalence among
Lithuanian middle-aged adults between 2009 and 2018.
Atherosclerosis (2020) 299:9-14. doi:
10.1016/j.atherosclerosis.2020.02.025

Wafa HA, Wolfe CDA, Emmett E, Roth GA, Johnson CO, Wang Y.
Burden of Stroke in Europe: Thirty-Year Projections of Incidence,
Prevalence, Deaths, and Disability-Adjusted Life Years. Stroke (2020)
51:2418-2427. doi: 10.1161/STROKEAHA.120.029606

Bluhmki E, Chamorro A, Déavalos A, Machnig T, Sauce C, Wahlgren N,
Wardlaw J, Hacke W. Stroke treatment with alteplase given 3-0—4-5 h
after onset of acute ischaemic stroke (ECASS Il1): additional outcomes
and subgroup analysis of a randomised controlled trial. The Lancet

86



10.

11.

12.

13.

14.

15.

Neurology (2009) 8:1095-1102. doi: 10.1016/S1474-4422(09)70264-
9

Tissue Plasminogen Activator for Acute Ischemic Stroke. N Engl J Med
(1995) 333:1581-1588. doi: 10.1056/NEJM199512143332401

Messé SR, Khatri P, Reeves MJ, Smith EE, Saver JL, Bhatt DL, Grau-
Sepulveda MV, Cox M, Peterson ED, Fonarow GC, et al. Why are
acute ischemic stroke patients not receiving 1V tPA?: Results from a
national  registry.  Neurology (2016) 87:1565-1574. doi:
10.1212/WNL.0000000000003198

Paul CL, Ryan A, Rose S, Attia JR, Kerr E, Koller C, Levi CR. How can
we improve stroke thrombolysis rates? A review of health system
factors and approaches associated with thrombolysis administration
rates in acute stroke care. Implementation Sci (2015) 11:51. doi:
10.1186/s13012-016-0414-6

Gonzales S, Mullen MT, Skolarus L, Thibault DP, Udoeyo U, Willis AW.
Progressive rural-urban disparity in acute stroke care. Neurology
(2017) 88:441-448. doi: 10.1212/WNL.0000000000003562

Stein L, Tuhrim S, Fifi J, Mocco J, Dhamoon M. National trends in
endovascular therapy for acute ischemic stroke: utilization and
outcomes. J Neurolntervent Surg (2020) 12:356-362. doi:
10.1136/neurintsurg-2019-015019

Barkauskas EV, Bernotas G, Budrys V, Gvazdaitis A, Jarzemskas EJ,
Jatuzis D, Kris¢itinas A, Kvas¢evi¢ius R, Laurikénas K,
Marcinkevicius E, et al. Galvos smegeny insulto diagnostikos,
gydymo, profilaktikos ir reabilitacijos metodinés rekomendacijos.
Neurologijos seminarai (2007)197-224.

Asmens sveikatos prieziliros paslaugy jtariant ar diagnozavus tminj
galvos smegeny insultg teikimo tvarkos apraSas. (2014) https://e-
seimas.Irs.It/portal/legal Act/It/ TAD/24591240ff0411e993cb8c8daaf8f
f8a?jfwid=-kyrux702c [Accessed October 25, 2021]

D¢l patologijy integruotos sveikatos priezitros valdymo tarybos,

kardiologijos, onkologijos, insulto ir perinatologijos. Integruotos
sveikatos priezitros valdymo komitety sudarymo. (2014)

87



16.

17.

18.

19.

20.

21.

22,

https://www.hi.lt/uploads/pdf/darbo%20grupes/V-223.pdf [Accessed
October 25, 2021]

Harbison J, Hossain O, Jenkinson D, Davis J, Louw SJ, Ford GA.
Diagnostic Accuracy of Stroke Referrals From Primary Care,
Emergency Room Physicians, and Ambulance Staff Using the Face
Arm  Speech  Test. Stroke  (2003)  34:71-76. doi:
10.1161/01.STR.0000044170.46643.5E

Price CI, Rae V, Duckett J, Wood R, Gray J, McMeekin P, Rodgers H,
Portas K, Ford GA. An Observational Study of Patient Characteristics
Associated with the Mode of Admission to Acute Stroke Services in
North East, England. PLoS ONE (2013) 8:e76997. doi:
10.1371/journal.pone.0076997

Xu H, Xian Y, Woon FP, Bettger JP, Laskowitz DT, Ng YY, Ong MEH,
Matchar DB, De Silva DA. Emergency medical services use and its
association with acute ischaemic stroke evaluation and treatment in
Singapore. Stroke Vasc Neurol (2020) 5:121-127. doi: 10.1136/svn-
2019-000277

Kobayashi A, Czlonkowska A, Ford GA, Fonseca AC, Luijckx GJ, Korv
J, Ossa NP, Price C, Russell D, Tsiskaridze A, et al. European
Academy of Neurology and European Stroke Organization consensus
statement and practical guidance for pre-hospital management of
stroke. Eur J Neurol (2018) 25:425-433. doi: 10.1111/ene.13539

Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, Brott
T, Cohen G, Davis S, Donnan G, et al. Effect of treatment delay, age,
and stroke severity on the effects of intravenous thrombolysis with
alteplase for acute ischaemic stroke: a meta-analysis of individual
patient data from randomised trials. The Lancet (2014) 384:1929-
1935. doi: 10.1016/S0140-6736(14)60584-5

Deakin CD, Alasaad M, King P, Thompson F. Is ambulance telephone
triage using advanced medical priority dispatch protocols able to
identify patients with acute stroke correctly? Emergency Medicine
Journal (2009) 26:442-445. doi: 10.1136/emj.2008.059733

Jia J, Band R, Abboud ME, Pajerowski W, Guo M, David G, Mechem
CC, Messé SR, Carr BG, Mullen MT. Accuracy of Emergency Medical

88



23.

24,

25.

26.

27,

28.

29.

30.

Services Dispatcher and Crew Diagnosis of Stroke in Clinical Practice.
Front Neurol (2017) 8:466. doi: 10.3389/fneur.2017.00466

Brown CW, Macleod MJ. The positive predictive value of an ambulance
prealert for stroke and transient ischaemic attack. European Journal of
Emergency Medicine (2018) 25:411-415. doi:
10.1097/MEJ.0000000000000475

Moulin S, Leys D. Stroke mimics and chameleons. Current Opinion in
Neurology (2019) 32:54-59. doi: 10.1097/WC0.0000000000000620

Goyal M, Ospel JM, Southerland AM, Wira C, Amin-Hanjani S, Fraser
JF, Panagos P, on behalf of the AHA/ASA Stroke Council Science
Subcommittees: Emergency Neurovascular Care (ENCC), the
Telestroke and the Neurovascular Intervention Committees.
Prehospital Triage of Acute Stroke Patients During the COVID-19
Pandemic. Stroke (2020) 51:2263-2267. doi:
10.1161/STROKEAHA.120.030340

Faiz KW, Labberton AS, Thommessen B, Renning OM, Dahl FA, Barra
M. The Burden of Stroke Mimics: Present and Future Projections.
Journal of Stroke and Cerebrovascular Diseases (2018) 27:1288-
1295. doi: 10.1016/j.jstrokecerebrovasdis.2017.12.011

Urimubenshi G, Langhorne P, Cadilhac DA, Kagwiza JN, Wu O.
Association between patient outcomes and key performance indicators
of stroke care quality: A systematic review and meta-analysis.
European Stroke Journal (2017) 2:287-307. doi:
10.1177/2396987317735426

Kwan J, Sandercock PA. In-hospital care pathways for stroke. Cochrane
Database of Systematic Reviews (2004) doi:
10.1002/14651858.CD002924.pub2

Saxena R, Koudstaal PJ. Anticoagulants for preventing stroke in patients
with nonrheumatic atrial fibrillation and a history of stroke or transient
ischaemic attack. Cochrane Database of Systematic Reviews (2004)
doi: 10.1002/14651858.CD000185.pub2

Goyal M, Menon BK, van Zwam WH, Dippel DWJ, Mitchell PJ,
Demchuk AM, Davalos A, Majoie CBLM, van der Lugt A, de Miquel

89



31.

32.

33.

34.

35.

36.

37.

MA, et al. Endovascular thrombectomy after large-vessel ischaemic
stroke: a meta-analysis of individual patient data from five randomised
trials. The Lancet (2016) 387:1723-1731. doi: 10.1016/S0140-
6736(16)00163-X

Cadilhac DA, Kim J, Lannin NA, Kapral MK, Schwamm LH, Dennis MS,
Norrving B, Meretoja A. National stroke registries for monitoring and
improving the quality of hospital care: A systematic review.
International  Journal of Stroke (2016) 11:28-40. doi:
10.1177/1747493015607523

Measuring and Improving Quality of Care: A Report From the American
Heart Association/American College of Cardiology First Scientific
Forum on Assessment of Healthcare Quality in Cardiovascular Disease
and  Stroke.  Circulation  (2000)  101:1483-1493.  doi:
10.1161/01.CIR.101.12.1483

Zhao J, Li H, Kung D, Fisher M, Shen Y, Liu R. Impact of the COVID-
19 Epidemic on Stroke Care and Potential Solutions. Stroke (2020)
51:1996-2001. doi: 10.1161/STROKEAHA.120.030225

Tejada Meza H, Lambea Gil A, Sancho Saldafia A, Martinez-Zabaleta M,
Garmendia Lopetegui E, Lopez-Cancio Martinez E, Castafion
Apilanez M, Herrera Isasi M, Marta Enguita J, Gomez-Vicente B, et
al. Impact of COVID-19 outbreak in reperfusion therapies of acute
ischaemic stroke in northwest Spain. Euro J of Neurology (2020)
27:2491-2498. doi: 10.1111/ene.14467

Montaner J, Barragan-Prieto A, Pérez-Sanchez S, Escudero-Martinez I,
Moniche F, Sanchez-Miura JA, Ruiz-Bayo L, Gonzalez A. Break in
the Stroke Chain of Survival due to COVID-19. Stroke (2020)
51:2307-2314. doi: 10.1161/STROKEAHA.120.030106

Sharma M, Lioutas V-A, Madsen T, Clark J, O’Sullivan J, Elkind MSV,
Willey JZ, Marshall RS, Selim MH, Greer D, et al. Decline in stroke
alerts and hospitalisations during the COVID-19 pandemic. Stroke
Vasc Neurol (2020) 5:403-405. doi: 10.1136/svn-2020-000441

The Office of the Government of the Republic of Lithuania. Quarantine
Announced throughout the Territory of the Republic of Lithuania
(Attached Resolution). https://Irv.It/en/news/quarantine-announced-

90



38.

39.

40.

41.

42,

43.

44,

throughout-the-territory-ofthe- republic-of-lithuania-attached-
resolution [Accessed December 9, 2020]

Lithuanian National Public Health Center. ftp://atviriduomenys.nvsc.It/
[Accessed December 12, 2020]

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, et al. 2018
Guidelines for the Early Management of Patients With Acute Ischemic
Stroke: A Guideline for Healthcare Professionals From the American
Heart Association/American Stroke Association. Stroke (2018) 49:
doi: 10.1161/STR.0000000000000158

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back
M, Benetos A, Biffi A, Boavida J-M, Capodanno D, et al. 2021 ESC
Guidelines on cardiovascular disease prevention in clinical practice.
European  Heart Journal  (2021)  42:3227-3337.  doi:
10.1093/eurheartj/ehab484

Katsouras C, Karapanayiotides T, Papafaklis M, Giannopoulos S, Ziakas
A, Sianos G, Papagiannopoulou G, Koutroulou I, Varytimiadi E,
Kosmidou M, et al. Greater decline of acute stroke admissions
compared with acute coronary syndromes during COVID-19 outbreak
in Greece: Cerebro/cardiovascular implications amidst a second wave
surge. Eur J Neurol (2021) 28:3452-3455. doi: 10.1111/ene.14666

Chen C-H, Liu C-H, Chi N-F, Sung P-S, Hsieh C-Y, Lee M, Tang S-C,
Jeng J-S, on Behalf of the Taiwan Stroke Society Investigators.
Maintenance of Stroke Care Quality amid the Coronavirus Disease
2019 Outbreak in Taiwan. J Stroke (2020) 22:407-411. doi:
10.5853/j0s.2020.02292

Bouckaert M, Lemmens R, Thijs V. Reducing prehospital delay in acute
stroke. Nat Rev Neurol (2009) 5:477-483. doi:
10.1038/nrneurol.2009.116

Ekundayo OJ, Saver JL, Fonarow GC, Schwamm LH, Xian Y, Zhao X,
Hernandez AF, Peterson ED, Cheng EM. Patterns of Emergency
Medical Services Use and Its Association With Timely Stroke
Treatment: Findings From Get With the Guidelines-Stroke. Circ:

91



45.

46.

47.

48.

49.

50.

ol.

Cardiovascular Quality and Outcomes (2013) 6:262-269. doi:
10.1161/CIRCOUTCOMES.113.000089

Zhang X, Liu Y, Cao X, Xu X, Zhu Y, Wang C. Effect of multi-level
stroke education on treatment and prognosis of acute ischemic stroke.
Exp Ther Med (2020) doi: 10.3892/etm.2020.9028

Oostema JA, Chassee T, Baer W, Edberg A, Reeves MJ. Educating
Paramedics on the Finger-to-Nose Test Improves Recognition of
Posterior ~ Stroke.  Stroke  (2019)  50:2941-2943.  doi:
10.1161/STROKEAHA.119.026221

Oostema JA, Chassee T, Baer W, Edberg A, Reeves MJ. Brief
Educational Intervention Improves Emergency Medical Services
Stroke  Recognition.  Stroke  (2019) 50:1193-1200. doi:
10.1161/STROKEAHA.118.023885

DiBiasio EL, Jayaraman MV, Oliver L, Paolucci G, Clark M, Watkins C,
DeLisi K, Wilks A, Yaghi S, Hemendinger M, et al. Emergency
medical systems education may improve knowledge of pre-hospital
stroke triage protocols. J Neurolntervent Surg (2020) 12:370-373. doi:
10.1136/neurintsurg-2018-014108

Zaidi SF, Shawver J, Espinosa Morales A, Salahuddin H, Tietjen G,
Lindstrom D, Parquette B, Adams A, Korsnack A, Jumaa MA. Stroke
care: initial data from a county-based bypass protocol for patients with
acute stroke. J Neurolntervent Surg (2017) 9:631-635. doi:
10.1136/neurintsurg-2016-012476

Brown AT, Wei F, Onteddu S, Bianchi N, Skinner R, Culp W. Abstract
WP233: A Pilot Study Validating Video-based Training on Pre-
hospital ~ Stroke  Recognition.  Stroke  (2018) 49: doi:
10.1161/str.49.suppl_1.WP233

Kim J-T, Chung P-W, Starkman S, Sanossian N, Stratton SJ, Eckstein M,
Pratt FD, Conwit R, Liebeskind DS, Sharma L, et al. Field Validation
of the Los Angeles Motor Scale as a Tool for Paramedic Assessment
of  Stroke  Severity. Stroke (2017) 48:298-306. doi:
10.1161/STROKEAHA.116.015247

92



52,

53.

54,

55.

56.

57,

58.

Studnek JR, Asimos A, Dodds J, Swanson D. Assessing the Validity of
the Cincinnati Prehospital Stroke Scale and the Medic Prehospital
Assessment for Code Stroke in an Urban Emergency Medical Services
Agency. Prehospital Emergency Care (2013) 17:348-353. doi:
10.3109/10903127.2013.773113

Zhao H, Coote S, Pesavento L, Churilov L, Dewey HM, Davis SM,
Campbell BCV. Large Vessel Occlusion Scales Increase Delivery to
Endovascular ~ Centers  Without  Excessive ~ Harm  From
Misclassifications. Stroke (2017) 48:568-573. doi:
10.1161/STROKEAHA.116.016056

Price CI, Shaw L, Islam S, Javanbakht M, Watkins A, McMeekin P,
Snooks H, Flynn D, Francis R, Lakey R, et al. Effect of an Enhanced
Paramedic Acute Stroke Treatment Assessment on Thrombolysis
Delivery During Emergency Stroke Care: A Cluster Randomized
Clinical ~ Trial.  JAMA  Neurol  (2020) 77:840. doi:
10.1001/jamaneurol.2020.0611

Henry-Morrow TK, Nelson BD, Conahan E, Mathiesen C, Glenn-Porter
B, Niehaus MT, Porter LM, Gesell MR, Monaghan GT, Jacoby JL. An
educational intervention allows for greater prehospital recognition of
acute stroke. The American Journal of Emergency Medicine (2017)
35:1959-1961. doi: 10.1016/j.ajem.2017.05.036

McDermott M, Skolarus LE, Burke JF. A systematic review and meta-
analysis of interventions to increase stroke thrombolysis. BMC Neurol
(2019) 19:86. doi: 10.1186/s12883-019-1298-2

Aguiar de Sousa D, von Martial R, Abilleira S, Gattringer T, Kobayashi
A, Gallofré M, Fazekas F, Szikora I, Feigin V, Caso V, et al. Access to
and delivery of acute ischaemic stroke treatments: A survey of national
scientific societies and stroke experts in 44 European countries.
European Stroke Journal (2019) 4:13-28. doi:
10.1177/2396987318786023

Hsieh F-1, Lien L-M, Chen S-T, Bai C-H, Sun M-C, Tseng H-P, Chen Y-
W, Chen C-H, Jeng J-S, Tsai S-Y, et al. Get With The Guidelines-
Stroke Performance Indicators: Surveillance of Stroke Care in the
Taiwan Stroke Registry: Get With The Guidelines-Stroke in Taiwan.

93



59.

60.

61.

62.

63.

64.

65.

66.

Circulation (2010) 122:1116-1123. doi:
10.1161/CIRCULATIONAHA.110.936526

Ormseth CH, Sheth KN, Saver JL, Fonarow GC, Schwamm LH. The
American Heart Association’s Get With the Guidelines (GWTG)-
Stroke development and impact on stroke care. Stroke Vasc Neurol
(2017) 2:94-105. doi: 10.1136/svn-2017-000092

Radisauskas R, Tamosiunas A, Kranciukaite-Butylkiniene D,
Milinaviciene E, Malinauskiene V, Bernotiene G, Luksiene D,
Virviciute D, Rastenyte D. Long-term survival after stroke in
Lithuania: Data from Kaunas population-based stroke registry. PL0S
ONE (2019) 14:e0219392. doi: 10.1371/journal.pone.0219392

Korv J, Vibo R, Kadlecova P, Kobayashi A, Czlonkowska A, Brozman
M, évigelj V, Csiba L, Fekete K, Demarin V, et al. Benefit of
thrombolysis for stroke is maintained around the clock: results from
the SITS-EAST Registry. Eur J Neurol (2014) 21:112-117. doi:
10.1111/ene.12257

Res-Q - the Stroke Care Quality Registry. https://qualityregistry.eu
[Accessed September 15, 2022]

Korv J, Antsov K, Gross-Paju K, Kalju I, Kreis A, Liigant A, Vibo R.
Developments in quality of stroke care in Estonia. European Stroke
Journal (2022)239698732211107. doi: 10.1177/23969873221110745

Tiu C, Terecoasd EO, Tuta S, Bélasa R, Simu M, Sabau M, Stan A, Radu
RA, Tiu V, Céasaru B, et al. Quality of acute stroke care in Romania:
Achievements and gaps between 2017 and 2022. European Stroke
Journal (2022)239698732211087. doi: 10.1177/23969873221108746

Yeghiazaryan N, Isahakyan A, Zubalova L, Hovhannisyan Y, Sahakyan
G, Chekijian S, Khachatryan SG, Skon Muratoglu M, Aghasaryan M,
Babikian VL. Stroke care in Armenia: Recent developments. European
Stroke Journal (2022)239698732211087. doi:
10.1177/23969873221108739

Katsarava Z, Akhvlediani T, Janelidze T, Gudadze T, Todua M,
Akhvlediani K, Khinikadze M, Egutidze G, Margania T, Tsiskaridze

94



67.

68.

69.

70.

71.

72.

73.

A. Establishing Stroke Services in the Republic of Georgia. Eur Neurol
(2022) 85:56-64. doi: 10.1159/000518845

Bryndova L, Bar M, Herzig R, Mikulik R, Neumann J, Sanak D, Skoda
0, Skoloudik D, Vaclavik D, Tomek A. Concentrating stroke care
provision in the Czech Republic: The establishment of Stroke Centres
in 2011 has led to improved outcomes. Health Policy (2021) 125:520—
525. doi: 10.1016/j.healthpol.2021.01.011

Leira EC, Russman AN, Biller J, Brown DL, Bushnell CD, Caso V,
Chamorro A, Creutzfeldt CJ, Cruz-Flores S, Elkind MSV, et al.
Preserving stroke care during the COVID-19 pandemic: Potential
issues and solutions. Neurology (2020) 95:124-133. doi:
10.1212/WNL.0000000000009713

On Behalf of the AHA/ASA Stroke Council Leadership. Temporary
Emergency Guidance to US Stroke Centers During the Coronavirus
Disease 2019 (COVID-19) Pandemic: On Behalf of the American
Heart Association/American Stroke Association Stroke Council
Leadership. Stroke (2020) 51:1910-1912. doi:
10.1161/STROKEAHA.120.030023

Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y,
Wang D, et al. Neurologic Manifestations of Hospitalized Patients
With Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol
(2020) 77:683. doi: 10.1001/jamaneurol.2020.1127

Sohal S, Mansur M. COVID-19 Presenting with Seizures. IDCases
(2020) 20:e00782. doi: 10.1016/j.idcr.2020.e00782

Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J, Ueno
M, Sakata H, Kondo K, Myose N, et al. A first case of
meningitis/fencephalitis  associated with ~ SARS-Coronavirus-2.
International Journal of Infectious Diseases (2020) 94:55-58. doi:
10.1016/j.ijid.2020.03.062

Vollono C, Rollo E, Romozzi M, Frisullo G, Servidei S, Borghetti A,
Calabresi P. Focal status epilepticus as unique clinical feature of
COVID-19: A case report. Seizure (2020) 78:109-112. doi:
10.1016/j.seizure.2020.04.009

95



74,

75.

76.

77.

78.

79.

80.

81.

82.

Zanin L, Saraceno G, Panciani PP, Renisi G, Signorini L, Migliorati K,
Fontanella MM. SARS-CoV-2 can induce brain and spine
demyelinating lesions. Acta Neurochir (2020) 162:1491-1494. doi:
10.1007/s00701-020-04374-x

Alberti P, Beretta S, Piatti M, Karantzoulis A, Piatti ML, Santoro P,
Vigano M, Giovannelli G, Pirro F, Montisano DA, et al. Guillain-Barré
syndrome related to COVID-19 infection. Neurol Neuroimmunol
Neuroinflamm (2020) 7:e741. doi: 10.1212/NX1.0000000000000741

Gutiérrez-Ortiz C, Méndez-Guerrero A, Rodrigo-Rey S, San Pedro-
Murillo E, Bermejo-Guerrero L, Gordo-Maiias R, de Aragon-Gomez
F, Benito-Leon J. Miller Fisher syndrome and polyneuritis cranialis in
COVID-19. Neurology (2020) 95:e601-e605. doi:
10.1212/WNL.0000000000009619

Merkler AE, Parikh NS, Mir S, Gupta A, Kamel H, Lin E, Lantos J,
Schenck EJ, Goyal P, Bruce SS, et al. Risk of Ischemic Stroke in
Patients With Coronavirus Disease 2019 (COVID-19) vs Patients With
Influenza. JAMA Neurol (2020) 77:1366. doi:
10.1001/jamaneurol.2020.2730

Lithuanian Department of Statistics. Statistics Lithuania (2020).
https://www.stat.gov.It/home [Accessed December 12, 2020]

Institute of Hygiene, Ministry of Health of The Republic of Lithuania.
Health and Healthcare Institutions in Lithuania.
https://hi.lt/uploads/pdf/leidiniai/Statistikos/LT_gyv_sveikata/leid201
9.pdf [Accessed June 21, 2021]

Stacionaro ligoniy sudétis pagal diagnoziy grupes ir gydymo riisis. (2021)
https://stat.hi.lt/default.aspx?report_id=224 [Accessed October 25,
2021]

Statistiniy tyrimy metodikos ir rodikliy aprasai. (2021)

Ringelstein EB, Chamorro A, Kaste M, Langhorne P, Leys D, Lyrer P,
Thijs V, Thomassen L, Toni D. European Stroke Organisation
Recommendations to Establish a Stroke Unit and Stroke Center. Stroke
(2013) 44:828-840. doi: 10.1161/STROKEAHA.112.670430

96



83.

84.

85.

86.

87.

88.

89.

90.

Lindsay P, Furie KL, Davis SM, Donnan GA, Norrving B. World Stroke
Organization Global Stroke Services Guidelines and Action Plan.
International Journal of Stroke (2014) 9:4-13. doi: 10.1111/ijs.12371

Ministry of Health of The Republic of Lithuania. https://e-
seimas.Irs.It/portal/legal Act/It/ TAD/82898401b32d11e79583aefa27fd
b44b [Accessed May 8, 2022]

Wagner AK, Soumerai SB, Zhang F, Ross-Degnan D. Segmented
regression analysis of interrupted time series studies in medication use
research. J Clin Pharm Ther (2002) 27:299-309. doi: 10.1046/j.1365-
2710.2002.00430.x

Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression
based quasi-experimental approach when randomisation is not an
option: interrupted time series analysis. BMJ (2015) 350:h2750-
h2750. doi: 10.1136/bmj.h2750

James G, Witten D, Hastie T, Tibshirani R. “Linear Regression.,” An
Introduction to Statistical Learning. Springer Texts in Statistics. New
York, NY: Springer US (2021). p. 59-128 doi: 10.1007/978-1-0716-
1418-1 3

Chwojnicki K, Ryglewicz D, Wojtyniak B, Zagozdzon P, Cztonkowska
A, Jedrzejezyk T, Karaszewski B, Kozera G, Gierlotka M, Ezzati M,
et al. Acute Ischemic Stroke Hospital Admissions, Treatment, and
Outcomes in Poland in 2009-2013. Front Neurol (2018) 9:134. doi:
10.3389/fneur.2018.00134

Maeda M, Fukuda H, Matsuo R, Kiyuna F, Ago T, Kitazono T, Kamouchi
M. Nationwide temporal trend analysis of reperfusion therapy
utilization and mortality in acute ischemic stroke patients in Japan.
Medicine (2021) 100:e24145. doi: 10.1097/MD.0000000000024145

Eriksson M, Jonsson F, Appelros P, Asberg KH, Norrving B, Stegmayr
B, Terént A, Asplund K. Dissemination of Thrombolysis for Acute
Ischemic Stroke Across a Nation: Experiences From the Swedish
Stroke Register, 2003 to 2008. Stroke (2010) 41:1115-1122. doi:
10.1161/STROKEAHA.109.577106

97



91.

92.

93.

94.

95.

96.

97.

Asplund K, Glader E-L, Norrving B, Eriksson M, for the Riks-Stroke
Collaboration. Effects of Extending the Time Window of
Thrombolysis to 4.5 Hours: Observations in the Swedish Stroke
Register  (Riks-Stroke). Stroke (2011) 42:2492-2497. doi:
10.1161/STROKEAHA.111.618587

Stecksén A, Asplund K, Appelros P, Glader E-L, Norrving B, Eriksson
M, for the Riks-Stroke Collaboration. Thrombolytic Therapy Rates and
Stroke Severity: An Analysis of Data From the Swedish Stroke
Register (Riks-Stroke) 2007-2010. Stroke (2012) 43:536-538. doi:
10.1161/STROKEAHA.111.630590

Domino JS, Baek J, Meurer WJ, Garcia N, Morgenstern LB, Campbell
M, Lisabeth LD. Emerging temporal trends in tissue plasminogen
activator use: Results from the BASIC project. Neurology (2016)
87:2184-2191. doi: 10.1212/WNL.0000000000003349

Schwamm LH, Ali SF, Reeves MJ, Smith EE, Saver JL, Messe S, Bhatt
DL, Grau-Sepulveda MV, Peterson ED, Fonarow GC. Temporal
Trends in Patient Characteristics and Treatment With Intravenous
Thrombolysis Among Acute Ischemic Stroke Patients at Get With the
Guidelines—Stroke Hospitals. Circ: Cardiovascular Quality and
Outcomes (2013) 6:543-549. doi:
10.1161/CIRCOUTCOMES.111.000095

Messé SR, Fonarow GC, Smith EE, Kaltenbach L, Olson DM, Kasner SE,
Schwamm LH. Use of Tissue-Type Plasminogen Activator Before and
After Publication of the European Cooperative Acute Stroke Study IlI
in Get With The Guidelines-Stroke. Circ Cardiovasc Qual Outcomes
(2012) 5:321-326. doi: 10.1161/CIRCOUTCOMES.111.964064

Minnerup J, Wersching H, Ringelstein EB, Schilling M, Schibitz W-R,
Wellmann J, Berger K. Impact of the Extended Thrombolysis Time
Window on the Proportion of Recombinant Tissue-Type Plasminogen
Activator-Treated Stroke Patients and on Door-to-Needle Time. Stroke
(2011) 42:2838-2843. doi: 10.1161/STROKEAHA.111.616565

Scherf S, Limburg M, Wimmers R, Middelkoop I, Lingsma H. Increase
in national intravenous thrombolysis rates for ischaemic stroke
between 2005 and 2012: is bigger better? BMC Neurol (2016) 16:53.
doi: 10.1186/s12883-016-0574-7

98



98. Cheng T-J, Peng G-S, Jhao W-S, Lee J-T, Wang T-H. Nationwide

“Hospital Emergent Capability Accreditation by Level-Stroke”
Improves Stroke Treatment in Taiwan. J Stroke (2017) 19:205-212.
doi: 10.5853/j0s.2016.01655

99. Jeong H-Y, Jung K-H, Mo H, Lee C-H, Kim TJ, Park J-M, Oh M, Lee JS,

100.

101.

102.

103.

104.

Kim BJ, Kim J-T, et al. Characteristics and management of stroke in
Korea: 2014-2018 data from Korean Stroke Registry. International
Journal of Stroke (2020) 15:619-626. doi:
10.1177/1747493019884517

Marko M, Posekany A, Szabo S, Scharer S, Kiechl S, Knoflach M,
Serles W, Ferrari J, Lang W, Sommer P, et al. Trends of r-tPA
(Recombinant Tissue-Type Plasminogen Activator) Treatment and
Treatment-Influencing Factors in Acute Ischemic Stroke. Stroke
(2020) 51:1240-1247. doi: 10.1161/STROKEAHA.119.027921

Miyamoto Y, Aso S, lwagami M, Morita K, Fushimi K, Hamasaki Y,
Nangaku M, Doi K, Yasunaga H. Expanded Indication for
Recombinant Tissue Plasminogen Activator from 3 to 4.5 h after Onset
of Stroke in Japan. Journal of Stroke and Cerebrovascular Diseases
(2020) 29:105341. doi: 10.1016/j.jstrokecerebrovasdis.2020.105341

Kurogi A, Nishimura A, Nishimura K, Kada A, Onozuka D, Hagihara
A, Ogasawara K, Shiokawa Y, Kitazono T, Arimura K, et al. Temporal
trends and geographical disparities in comprehensive stroke centre
capabilities in Japan from 2010 to 2018. BMJ Open (2020)
10:e033055. doi: 10.1136/bmjopen-2019-033055

Singer OC, Hamann GF, Misselwitz B, Steinmetz H, Foerch C. Time
Trends in Systemic Thrombolysis in a Large Hospital-Based Stroke
Registry. ~ Cerebrovasc  Dis  (2012)  33:316-321.  doi:
10.1159/000335816

Dequatre-Ponchelle N, Touzani H, Banh A, Girard-Buttaz I, Coche R,
Dobbelaere P, Cordonnier C, Girot M, Aguettaz P, Mounier-Vehier F,
et al. Rate of intravenous thrombolysis for acute ischaemic stroke in
the North-of-France region and evolution over time. J Neurol (2014)
261:1320-1328. doi: 10.1007/s00415-014-7344-5

99



105.

106.

107.

108.

109.

110.

111

Mikulik R, Bar M, Cernik D, Herzig R, Jura R, Jurak L, Neumann J,
Sanak D, Ostry S, Sevcik P, et al. Stroke 20 20: Implementation goals
for intravenous thrombolysis. European Stroke Journal (2021) 6:151—
159. doi: 10.1177/23969873211007684

Anand SK, Benjamin WJ, Adapa AR, Park JV, Wilkinson DA, Daou
BJ, Burke JF, Pandey AS. Trends in acute ischemic stroke treatments
and mortality in the United States from 2012 to 2018. Neurosurgical
Focus (2021) 51:E2. doi: 10.3171/2021.4.FOCUS21117

Atchaneeyasakul K, Liaw N, Lee RH, Liebeskind DS, Saver JL.
Patterns of Mechanical Thrombectomy for Stroke Before and After the
2015 Pivotal Trials and US National Guideline Update. Journal of
Stroke and Cerebrovascular Diseases (2020) 29:105292. doi:
10.1016/j.jstrokecerebrovasdis.2020.105292

Smith EE, Saver JL, Cox M, Liang L, Matsouaka R, Xian Y, Bhatt DL,
Fonarow GC, Schwamm LH. Increase in Endovascular Therapy in Get
With The Guidelines-Stroke After the Publication of Pivotal Trials.
Circulation (2017) 136:2303-2310. doi:
10.1161/CIRCULATIONAHA.117.031097

Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis
NC, Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, et al.
Guidelines for the Early Management of Patients With Acute Ischemic
Stroke: 2019 Update to the 2018 Guidelines for the Early Management
of Acute Ischemic Stroke: A Guideline for Healthcare Professionals
From the American Heart Association/American Stroke Association.
Stroke (2019) 50: doi: 10.1161/STR.0000000000000211

Bray BD, Campbell J, Cloud GC, Hoffman A, Tyrrell PJ, Wolfe CDA,
Rudd AG. Bigger, Faster?: Associations Between Hospital
Thrombolysis Volume and Speed of Thrombolysis Administration in
Acute Ischemic Stroke. Stroke (2013) 44:3129-3135. doi:
10.1161/STROKEAHA.113.001981

Groot AE, van Schaik IN, Visser MC, Nederkoorn PJ, Limburg M,
Aramideh M, de Beer F, Zwetsloot CP, Halkes P, de Kruijk J, et al.
Association between i.v. thrombolysis volume and door-to-needle
times in acute ischemic stroke. J Neurol (2016) 263:807-813. doi:
10.1007/s00415-016-8076-5

100



112.

113.

114.

115.

116.

117.

118.

119.

Jatuzis D, Rastenyt¢ D, Vilionskis A. Galvos smegeny insulto
diagnostikos, gydymo, profilaktikos ir reabilitacijos metodika. Kaunas:
Naujasis lankas (2014). 47 p.

Marsh EE, Biller J, Adams HP, Marler JR, Hulbert JR, Love BB,
Gordon DL. Circadian Variation in Onset of Acute Ischemic Stroke.
Archives of Neurology (1990) 47:1178-1180. doi:
10.1001/archneur.1990.00530110032012

Gorchs-Molist M, Sola-Mufioz S, Enjo-Perez 1, Querol-Gil M,
Carrera-Giraldo D, Nicolas-Arfelis JM, Jiménez-Fabrega FX, Pérez de
la Ossa N. An Online Training Intervention on Prehospital Stroke
Codes in Catalonia to Improve the Knowledge, Pre-Notification
Compliance and Time Performance of Emergency Medical Services
Professionals. IJERPH (2020) 17:6183. doi: 10.3390/ijerph17176183

Holodinsky JK, Williamson TS, Demchuk AM, Zhao H, Zhu L,
Francis MJ, Goyal M, Hill MD, Kamal N. Modeling Stroke Patient
Transport for All Patients With Suspected Large-Vessel Occlusion.
JAMA Neurol (2018) 75:1477. doi: 10.1001/jamaneurol.2018.2424

Advani R. Addressing the Stroke Triage Challenge. Front Neurol
(2021) 12:670204. doi: 10.3389/fneur.2021.670204

Cabal M, Machova L, Vaclavik D, Jasso P, Holes D, Volny O, Bar M.
New Prehospital Triage for Stroke Patients Significantly Reduces
Transport Time of EVT Patients Without Delaying IVT. Front Neurol
(2021) 12:676126. doi: 10.3389/fneur.2021.676126

Desai SM, Leslie-Mazwi TM, Hirsch JA, Jadhav AP. Optimal transfer
paradigm for emergent large vessel occlusion strokes: recognition to
recanalization in the RACECAT trial. J Neurolntervent Surg (2021)
13:97-99. doi: 10.1136/neurintsurg-2020-017227

Duvekot MHC, Venema E, Rozeman AD, Moudrous W, Vermeij FH,
Biekart M, Lingsma HF, Maasland L, Wijnhoud AD, Mulder LIMM,
et al. Comparison of eight prehospital stroke scales to detect
intracranial large-vessel occlusion in suspected stroke (PRESTO): a
prospective observational study. The Lancet Neurology (2021)
20:213-221. doi: 10.1016/S1474-4422(20)30439-7

101



120.

121.

122.

123.

124,

125.

126.

McCarney R, Warner J, lliffe S, van Haselen R, Griffin M, Fisher P.
The Hawthorne Effect: a randomised, controlled trial. BMC Med Res
Methodol (2007) 7:30. doi: 10.1186/1471-2288-7-30

Berge E, Whiteley W, Audebert H, De Marchis G, Fonseca AC,
Padiglioni C, Pérez de la Ossa N, Strbian D, Tsivgoulis G, Turc G.
European Stroke Organisation (ESO) guidelines on intravenous
thrombolysis for acute ischaemic stroke. European Stroke Journal
(2021) 6:1-LXII. doi: 10.1177/2396987321989865

Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for
acute ischaemic stroke. Cochrane Database of Systematic Reviews
(2014) doi: 10.1002/14651858.CD000213.pub3

Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-
Gutierrez S, McTaggart RA, Torbey MT, Kim-Tenser M, Leslie-
Mazwi T, et al. Thrombectomy for Stroke at 6 to 16 Hours with
Selection by Perfusion Imaging. N Engl J Med (2018) 378:708-718.
doi: 10.1056/NEJMo0al1713973

Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva
P, Yavagal DR, Ribo M, Cognard C, Hanel RA, et al. Thrombectomy
6 to 24 Hours after Stroke with a Mismatch between Deficit and
Infarct. N Engl J Med (2018) 378:11-21. doi:
10.1056/NEJMo0al706442

Turc G, Bhogal P, Fischer U, Khatri P, Lobotesis K, Mazighi M,
Schellinger PD, Toni D, de Vries J, White P, et al. European Stroke
Organisation (ESO) — European Society for Minimally Invasive
Neurological Therapy (ESMINT) Guidelines on Mechanical
Thrombectomy in Acute Ischaemic StrokeEndorsed by Stroke Alliance
for Europe (SAFE). European Stroke Journal (2019) 4:6-12. doi:
10.1177/2396987319832140

Joundi RA, Goyal M, Demchuk AM, Dowlatshahi D, Poppe AY,
Williams D, Mandzia JL, Buck BH, Jadhav A, Pikula A, et al. Abstract
P521: Effect of Endovascular Thrombectomy on Health-Related
Quiality of Life Among Patients With Acute Ischemic Stroke and Large
Vessel Occlusion in the Escape Trial. Stroke (2021) 52: doi:
10.1161/str.52.suppl_1.P521

102



127.

128.

129.

130.

131

132.

133.

134.

135.

Kainz A, Meisinger C, Linseisen J, Kirchberger I, Zickler P, Naumann
M, Ertl M. Changes of Health-Related Quality of Life Within the 1st
Year After Stroke—Results From a Prospective Stroke Cohort Study.
Front Neurol (2021) 12:715313. doi: 10.3389/fneur.2021.715313

De Wit L, Theuns P, Dejaeger E, Devos S, Gantenbein AR, Kerckhofs
E, Schuback B, Schupp W, Putman K. Long-term impact of stroke on
patients’ health-related quality of life. Disability and Rehabilitation
(2017) 39:1435-1440. doi: 10.1080/09638288.2016.1200676

Golicki D, Niewada M, Karlinska A, Buczek J, Kobayashi A, Janssen
MF, Pickard AS. Comparing responsiveness of the EQ-5D-5L, EQ-
5D-3L and EQ VAS in stroke patients. Qual Life Res (2015) 24:1555-
1563. doi: 10.1007/s11136-014-0873-7

Golicki D, Niewada M, Buczek J, Karlinska A, Kobayashi A, Janssen
MF, Pickard AS. Validity of EQ-5D-5L in stroke. Qual Life Res (2015)
24:845-850. doi: 10.1007/s11136-014-0834-1

Karlinski M, Gluszkiewicz M, Cztonkowska A. The accuracy of
prehospital diagnosis of acute cerebrovascular accidents: an
observational study. aoms (2015) 3:530-535. doi:
10.5114/aoms.2015.52355

Alonso de Lecifiana M, Castellanos M, Ayo-Martin O, Morales A.
Stroke care during the COVID-19 outbreak in Spain: the experience of
Spanish stroke units. Stroke Vasc Neurol (2021) 6:267-273. doi:
10.1136/svn-2020-000678

Etherton MR, Zachrison KS, Yan Z, Sveikata L, Bretzner M, Estrada
J, Viswanathan A, Singhal AB, Schwamm LH. Regional Changes in
Patterns of Stroke Presentation During the COVID-19 Pandemic.
Stroke (2021) 52:1398-1406. doi:
10.1161/STROKEAHA.120.031300

Puteikis K, Jasionis A, Mameniskiené R. Recalling the COVID-19
lockdown: Insights from patients with epilepsy. Epilepsy & Behavior
(2021) 115:107573. doi: 10.1016/j.yebeh.2020.107573

Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R,
Rachet B, Aggarwal A. The impact of the COVID-19 pandemic on

103



136.

137.

138.

139.

140.

141.

142.

cancer deaths due to delays in diagnosis in England, UK: a national,
population-based, modelling study. The Lancet Oncology (2020)
21:1023-1034. doi: 10.1016/S1470-2045(20)30388-0

Financial Times Coronavirus Tracked: See How Your Country
Compares. Ft.com/covid19 [Accessed December 12, 2020]

Escalard S, Maier B, Redjem H, Delvoye F, Hébert S, Smajda S, Ciccio
G, Desilles J-P, Mazighi M, Blanc R, et al. Treatment of Acute
Ischemic Stroke due to Large Vessel Occlusion With COVID-19:
Experience From Paris. Stroke (2020) 51:2540-2543. doi:
10.1161/STROKEAHA.120.030574

Fridman S, Bres Bullrich M, Jimenez-Ruiz A, Costantini P, Shah P,
Just C, Vela-Duarte D, Linfante I, Sharifi-Razavi A, Karimi N, et al.
Stroke risk, phenotypes, and death in COVID-19: Systematic review
and newly reported cases. Neurology (2020) 95:e3373-e3385. doi:
10.1212/WNL.0000000000010851

Nannoni S, de Groot R, Bell S, Markus HS. Stroke in COVID-19: A
systematic review and meta-analysis. International Journal of Stroke
(2021) 16:137-149. doi: 10.1177/1747493020972922

Cagnazzo F, Piotin M, Escalard S, Maier B, Ribo M, Requena M, Pop
R, Hasiu A, Gasparotti R, Mardighian D, et al. European Multicenter
Study of ET-COVID-19. Stroke (2021) 52:31-39. doi:
10.1161/STROKEAHA.120.031514

Marti-Fabregas J, Guisado-Alonso D, Delgado-Mederos R, Martinez-
Domeno A, Prats-Sanchez L, Guasch-Jiménez M, Cardona P, Nunez-
Guillén A, Requena M, Rubiera M, et al. Impact of COVID-19
Infection on the Outcome of Patients With Ischemic Stroke. Stroke
(2021) 52:3908-3917. doi: 10.1161/STROKEAHA.121.034883

Escalard S, Chalumeau V, Escalard C, Redjem H, Delvoye F, Hébert
S, Smajda S, Ciccio G, Desilles J-P, Mazighi M, et al. Early Brain
Imaging Shows Increased Severity of Acute Ischemic Strokes With
Large Vessel Occlusion in COVID-19 Patients. Stroke (2020)
51:3366-3370. doi: 10.1161/STROKEAHA.120.031011

104



143.

144,

145.

Kim J-T, Cho B-H, Choi K-H, Park M-S, Kim BJ, Park J-M, Kang K,
Lee SJ, Kim JG, Cha J-K, et al. Magnetic Resonance Imaging Versus
Computed Tomography Angiography Based Selection for
Endovascular Therapy in Patients With Acute Ischemic Stroke. Stroke
(2019) 50:365-372. doi: 10.1161/STROKEAHA.118.023173

Siow |, Lee KS, Zhang JJY, Saffari SE, Ng A, Young B. Stroke as a
Neurological Complication of COVID-19: A Systematic Review and
Meta-Analysis of Incidence, Outcomes and Predictors. Journal of
Stroke and Cerebrovascular Diseases (2021) 30:105549. doi:
10.1016/j.jstrokecerebrovasdis.2020.105549

Yaeger KA, Fifi JT, Lara-Reyna J, Rossitto C, Ladner T, Yim B,
Hardigan T, Maragkos GA, Shigematsu T, Majidi S, et al. Initial Stroke
Thrombectomy Experience in New York City during the COVID-19
Pandemic. AJNR Am J Neuroradiol (2020) 41:1357-1360.
doi: 10.3174/ajnr.A6652

105



ABOUT THE AUTHOR

Rytis Masilianas graduated cum laude from the Lithuanian University of
Health Sciences in 2012, where he obtained a degree of Doctor of Medicine
(MD). He finished training in Neurology at Vilnius University Faculty of
Medicine in 2016, and continued working in Vilnius University Hospital
Santaros Klinikos both as a clinician and a teaching assistant at the Clinic of
Neurology and Neurosurgery, Faculty of Medicine, Vilnius University. He
has been heading the subdepartment of Emergency Neurology in VUH SK
since 2016 and entered the doctoral study program of Vilnius University in
2017.

106



ACKNOWLEDGEMENTS

The completion of this doctoral dissertation could not have been possible
without the significant contribution of many people, supporting me
throughout this arduous quest. | would like to wholeheartedly thank all of
them for their continuous assistance in every step of this journey:

Dalius Jatuzis — my academic supervisor, not only for his visionary
counseling, but also for firmly backing me in all of my shenanigans with a
large credit of trust, and for radiating an intransigently positive attitude in the
hardest of times. It was a great honor to be your PhD student.

Aleksandras Vilionskis — my academic consultant, for his practical
clinical advice, and for inviting me to get involved in the IRENE COST
Action, in accordance with which much of this doctoral research was
conducted.

My colleagues and co-authors, especially Kazimieras Melaika, Lukas
Sveikata, Julija Grigaité, Justina Jurkevi¢iené, Mantas Vaisvilas, and many
others — for their great contribution and for the enjoyable collaboration.

Gintaras Ferdinandas Kaubrys, Rita MameniSkiené, and Vytautas
Kasiulevicius — the reviewers of the thesis, for their time and valuable insights.

I would also like to thank all patients for their benevolence; stroke
centers, physicians, nurses, coordinators, administrators, and civil servants for
contributing to the effort to improve stroke care quality in Lithuania. The
endless effort of so many people working with stroke patients across the
country made this doctoral thesis possible.

Jolanta and Linas — my parents, for loving, always believing in me, and
encouraging me to strive for the best.

Finally, and most importantly, |1 would like to thank my wife Rasa and
our daughter Elzé for making my days brighter, my life meaningful, and
remaining firmly behind me all the time.

107



COPIES OF PUBLICATIONS

1% publication/ 1 publikacija

The impact of a comprehensive national policy on
Improving acute stroke patient care in Lithuania

Masilitinas R, Vilionskis A, Bornstein NM, Rastenyté D, Jatuzis D.

Eur Stroke J. 2022 Jun;7(2):134-142

https://doi.org/10.1177/23969873221089158

108



EUROPEAN
STRUKE JOURNAL

European Stroke Journal
2022, Vol. 7(2) 134-142
© European Stroke Organisation 2022

foroicH

Avrticle reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/23969873221089158
journals.sagepub.com/home/eso

©SAGE

Original Research Article

The impact of a comprehensive national
policy on improving acute stroke patient
care in Lithuania

Rytis Masiliinas' >, Aleksandras Vilionskis2'*,

Natan M Bornstein?, Daiva Rastenyté! and Dalius Jatuzis'

Abstract

Introduction: Reperfusion therapy (RT) is a mainstay treatment for acute ischemic stroke (AIS). We aimed to evaluate
the impact of a comprehensive national policy (CNP) to improve access to RT for AlS patients across Lithuania.
Patients and methods: Aggregated anonymized data on AIS cases treated in Lithuanian hospitals between 2006
and 2019 were retrospectively obtained from the Institute of Hygiene and the Stroke Integrated Care Management
Committee. Through an interrupted time series analysis, we examined the trends in AIS hospital admissions, RT, and
in-hospital case fatality rates prior to the enactment of CNP in 2014, changes immediately after the intervention, and
differences in trends between the pre- and post-intervention periods. Mean yearly door-to-needle times were calculated
post-intervention.

Results: 114,436 cases were treated for AIS in Lithuanian hospitals before, and 65,084 after the government
intervention. We observed a significant decreasing post-intervention trend change in AIS hospital admission rate per
100,000 population (regression coefficient + standard error: f=-16.47 = 3.95, p =0.002) and an increasing trend change
in the proportion of AIS patients who received reperfusion treatment: intravenous thrombolysis (= 1.42 *0.96,
p<0.001) and endovascular therapy ($=0.85*0.05, p <0.001). The proportion of patients treated in stroke centers
increased immediately after the intervention ($=4.95* 1.14, p=0.001), but the long-term post-intervention trend
did not change. In addition, there was a significant decreasing trend in all cause in-hospital case fatality rate within
primary and comprehensive stroke centers after the intervention (§=-0.60 = 0.18, p=0.008) despite its prompt initial
immediate increase (f=1.68 £ 0.73, p=0.043). The mean countrywide door-to-needle time decreased from 68 min in
2014 to 43min in 2019.

Conclusion: The comprehensive national stroke patient care policy could be associated with an immediate increase in
stroke center treatment rate, increased access to RT, and improved stroke care performance measures.

Keywords
Ischemic stroke, implementation, thrombolysis, thrombectomy, interrupted time series, Lithuania
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Introduction

Stroke is one of the major causes of death and disability-
adjusted life years worldwide."” The incidence of acute
ischemic stroke (AIS) and stroke mortality in Lithuania is
amongst the highest in the world,’ in a large part due to a
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high prevalence and poor control of cardiovascular risk fac-
tors (CV RF).** Moreover, the largest increase in the age-
adjusted stroke incidence and prevalence rates, as well as
the lowest average annual percentage decrease in stroke
mortality among all European Union countries are expected
in Lithuania.®
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Reperfusion therapy (RT) — thrombolysis using intrave-
nous recombinant tissue plasminogen activator (IV rtPA)
and endovascular treatment (EVT), is a widely accepted,
safe, and cost-effective method to treat AIS with proven
clinical efficacy.”® However, its broad implementation in
daily clinical practice is challenging.”'? In Lithuania, the
first thrombolysis with IV rtPA was performed after its
approval for AIS in 2002, whereas EVT was introduced to
clinical practice in 2012. Although IV rtPA was recom-
mended as a first-line treatment for AIS according to
national guidelines since 2007, the total annual number of
IV rtPA remained low across the country until 2013.

Ever since its establishment in 1997, the Lithuanian
Stroke Association (LSA) — a national non-governmental
organization uniting stroke care specialists — was one of the
leading forces seeking improvement in stroke care quality
in Lithuania. Many of the LSA’s objectives came to fruition
in 2014, when the Ministry of Health (MoH) of the Republic
of Lithuania initiated multiple activities in order to promote
and implement modern RT for stroke patients on the
national level (see Supplemental Table 1). The integrated
government support included ministerial orders on the
establishment of a national network of acute stroke centers,
the reorganization of AIS patient flow (all acute stroke
patients were obliged to be referred to the nearest acute
stroke center directly), a coordinated inventory of the AIS
diagnostic and management methods, standard require-
ments for the accreditation of primary stroke centers (PSCs)
and comprehensive stroke centers (CSCs),!* and the crea-
tion of the Stroke Integrated Care Management Committee
(SICMC) under the MoH."> The aim of SICMC was to
coordinate new financial incentives, which included a cen-
trally coordinated purchase of rtPA, a retrospective per-case
AIS total EVT expense reimbursement to the healthcare
providers, and the lift of the budget cap for AIS patients. In
addition, it collected and monitored data from stroke treat-
ment sites regarding acute RT, logistics, use of resources
and diagnostic investigations, rehabilitation, in-hospital
complications, case fatality, and other AIS care perfor-
mance measures. Quarterly reports were provided to the
MoH in order to identify areas that require improvement.

Our study aimed to evaluate the impact of the compre-
hensive national policy on multiple stroke care performance
measures, reflecting access to RT for AIS patients across
Lithuania. We analyzed data on cases, treated in acute care
hospitals for AIS between 2006 and 2019, using a nation-
wide public health register and reports supplied to SICMC
by all individual stroke-ready hospitals.

Patients and methods

Study design and data collection

Two data sources were used for this study. Firstly, aggre-
gated data on all AIS cases treated in Lithuanian hospitals
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between 2006 and 2019 were retrospectively obtained from
the Institute of Hygiene — an institution, which manages
public health registers and is responsible for the monitoring
of the Lithuanian population health, health care activities,
and resources.'® The dataset included the total number of
AIS (corresponding to the International Statistical
Classification of Diseases and Related Health Problems,
10th revision, Australian Modification, code 163), the num-
ber of AIS cases treated in Lithuanian CSCs, PSCs, and
nonspecialized hospitals (NHs), their gender, age group,
place of residence, days spent in hospital, and in-hospital
case fatality. The full description of the statistical research
methodology of how the dataset was obtained, and how its
completeness and patient anonymity were secured is avail-
able online.!”

Secondly, the data on the number of RTs performed were
collected from the SICMC. Since the establishment of the
SICMC in 2014, every quarter all active Lithuanian CSCs
and PSCs (see Supplemental Table 2) were obliged to report
to it aggregated anonymized data on the predetermined
stroke care performance measures, consistent with the
information from their hospital information systems.
Among others, these include the total number of RT proce-
dures (IV rtPA and EVT) in each hospital and their mean
door-to-needle (DTN) time. It should be noted that there are
no data on patients who received bridging therapy (IV rtPA
in combination with EVT), therefore, a proportion of cases
could have received both modes of treatment. The full list
of performance measures, developed in accordance with
the best practice recommendations of the international
guidelines'®'” and adapted to meet the local needs, is shown
in Supplemental Table 3.

Our research project was proposed to the MoH and had
been designed in accordance with the Declaration of
Helsinki. A government advisory committee reviewed our
proposal and recommended that the MoH grant us permis-
sion to use the required data and perform the study. Data
have been collected as part of routine clinical practice,
therefore, there was no need for specific informed consent,
and approval of the Ethics Committee was not required.

Setting

In Lithuania, acute stroke care hospitals are categorized
into CSCs, PSCs, and NHs, according to available reperfu-
sion treatment. The distribution of the six Lithuanian CSCs
and the five PSCs with isochrone distances of time it takes
to reach the closest stroke-ready hospital on a Sunday even-
ing by car is shown in Figure 1. The map was created using
publicly available data from Google Maps.

As noted above, different actions were taken on a national
level in order to encourage the implementation of modern
RTs for stroke patients in 2014, marking the introduction of
the comprehensive national policy in Lithuania. Thus, we
defined the period before 2014 as the pre-intervention period
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Figure I. The distribution of Lithuanian primary and comprehensive stroke centers and isochrone distances to reach them.

(eight calendar years) and the period from 2014 to 2019 as
the post-intervention period (six calendar years).

Outcome measures

The impact of the comprehensive national policy on six dif-
ferent stroke-related outcomes was evaluated. They
included the AIS hospital admission rate per 100,000 popu-
lation, the proportion of patients who received RT, the pro-
portion of cases treated within CSCs and PSCs, and
in-hospital case fatality. The in-hospital case fatality was
defined as a proportion of all-cause in-hospital AIS patient
deaths out of all admitted AIS cases. Since DTN time data
were available just for the post-intervention period, only
the post-interventional DTN time trend was analyzed.
These outcome measures were selected by the authors as
they were judged to be most influenced by the changes in
the comprehensive national policy.

Statistical analysis

We compared categorical variables using the y? test. Based
on their Gaussian distribution, the quantitative variables
were compared using the Student’s #-test. Available soci-
odemographic characteristics were compared before and
after the introduction of a comprehensive national policy in
Lithuania. The 95% confidence intervals (CI) were calcu-
lated, where applicable.

We analyzed the yearly trends of the outcome measures
— AIS hospital admission rate, the proportion of patients
who received RT, the proportion of cases treated within
CSCs and PSCs, and all-cause in-hospital case fatality
(overall and within CSCs and PSCs). To calculate the AIS
hospital admission rate per 100,000 population, the patient

numbers were standardized to the population of Lithuania
on the first day of each calendar year.?’ Using an interrupted
time series analysis, we evaluated the time trends of the
outcome measures before and after the introduction of a
comprehensive national policy in 2014.21:22

The analysis was performed using the following regres-
sion equation: Y =, + B, T, + B,X, + B;P,+ &, where Y, is
the aggregated outcome at time ¢ (year), 7, is the time
(years) since the start of the study period, JX; is the dummy
variable representing the period after the introduction of a
comprehensive national policy, P, is a continuous variable
indicating time (years) since this intervention (P, is equal to
0 before intervention), 3, is the intercept, B, is the slope
prior to the intervention, f3, is the change in level in the
period immediately following the intervention, and f3; is the
difference between the pre- and post-intervention slopes.
The standard errors (SE) were calculated. p <0.05 (two-
sided) was considered statistically significant. R version
3.6.2 was used for statistical analysis.

Results

Demographic characteristics

Altogether, 114,436 cases were treated for AIS in Lithuanian
hospitals before the government intervention, and 65,084
during the study period after it (Table 1). The absolute num-
ber of AIS admissions decreased by a striking 25.1%
between 2013 and 2019 (Figure 2). As compared with the
pre-intervention period, after the introduction of the com-
prehensive national policy, significantly fewer female
patients were diagnosed with AIS (57.2% (95% CI 56.8—
57.6) vs 59.0% (58.7-59.3), p <0.001), there were propor-
tionally fewer individuals under 45years of age (1.4%
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Table I. Demographic characteristics for stroke patients in Lithuania.
Stroke patients 2006-2013 (n=114,436)  Stroke patients 2014-2019 (n=65,084)  p-Value
Female, n (%) 67,510 (59.0) 37,234 (57.2) <0.001
Age range in years, n (%)
0-17 27 (0.02) 34 (0.05) 0.002
18-44 2001 (1.7) 866 (1.3) <0.001
45-64 26,212 (22.9) 12,958 (19.9) <0.001
=65 86, I68 (75.3) 51,226 (78.7) <0.001
No data 28 (0.02) 0
Place of residence, n (%)
Urban 76,083 (66.5) 42,089 (64.7) <0.001
Rural 37,869 (33.1) 22,900 (35.2) <0.001
No data 484 (0.4) 95 (0.1)
Treatment place, n (%)
CcsC 35,584 (31.1) 27,625 (42.4) <0.001
PCS 10,486 (9.2) 7784 (12.0) <0.001
Nonspecialized hospital 68,366 (59.7) 29,675 (45.6) <0.001
Days in hospital, mean (SD) 13.0 (1.7) 10.2 (0.2) <0.001

CSC: comprehensive stroke center; PSC: primary stroke center; SD: standard deviation.
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IAT - intraarterial thrombolysis, IV rtPA - thrombolysis using intravenous recombinant tissue plasminogen activator,

EVT - endovascular treatment.

Figure 2. The absolute number of ischemic stroke cases and those who received any kind of reperfusion therapy in Lithuania.

(1.3-1.5) vs 1.8% (1.7-1.9), p<0.001), and significantly
fewer patients came from urban areas (64.7% (64.3-65.0)
vs 66.5% (66.2-66.8), p<0.001). In addition, significantly
more cases were treated in CSCs and PSCs after the gov-
ernment intervention (54.4% (54.0-54.8) vs 40.3% (40.0—
40.5), p<0.001), and the mean hospital stay decreased
significantly (mean = standard deviation: 10.2*1.7 vs
13.0 = 0.2days, p<0.001).

Temporal trends in AIS hospital admission rates

There was no significant AIS hospital admission rate trend
during the pre-intervention period (see Supplemental Table 4).

In contrast, it decreased significantly immediately after the
intervention (regression coefficient + standard error:
B,=-35.93+15.72, p=0.045), and continued to consist-
ently decrease throughout the post-intervention period
(B,=-16.47 +3.95, p=0.002) (Figure 3).

The proportion of cases in hospitals, designated as CSCs
and PSCs in 2014, had a positive trend for an increase
before the intervention (B,=1.31+0.002, p<0.001).
Although there was a significant increase in the proportion
of CSC and PSC cases immediately after the intervention
(B,=4.95+1.14, p=0.001), we observed no significant
trend change in the post-intervention period, as the propor-
tion continued to increase to 58.1% in 2019.
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Figure 3. Temporal trends in (a) ischemic stroke hospital admission rate per 100,000 population, (b) rate of patient treatment

in comprehensive and primary stroke centers (CSCs and PSCs), (c) rate of thrombolysis using intravenous recombinant tissue
plasminogen activator (IV rtPA), (d) endovascular treatment (EVT) rate, (e) post-intervention mean door-to-needle (DTN) time,
and (f) case fatality from ischemic stroke. The dashed lines represent the regression lines. The green lines represent targets, where
applicable. The comprehensive national stroke care policy in Lithuania was implemented in 2014 (vertical dashed line).

Temporal trends in the proportion of AlS
patients receiving RT

The proportion of AIS patients, treated with IV rtPA, out of
all AIS cases increased from 1.5% (or 197 overall cases) in
2013 to 12.6% (or 1219 overall cases) in 2019 — a sixfold
absolute and an eightfold relative increment. Similarly,
there was an increase in the number of EVT performed
from 10 cases or 0.1% out of all AIS in 2013 to 518 cases or
5.4% out of all AIS in 2019 (Figure 2). Only the proportion
of patients treated with IV rtPA increased statistically sig-
nificantly immediately after the implementation of a com-
prehensive national policy in Lithuania (B,=1.32+0.38,
p=0.006), whereas, a significant change in trend in the
period following it was observed for both the proportion of
patients treated with IV rtPA (B,=1.42 +0.96, p <0.001)
and with EVT (,=0.85 = 0.05, p <0.001).

In addition, there was a statistically significant decreas-
ing trend in mean DTN time within the Lithuanian CSCs
and PSCs since 2014, when it was started to be recorded
(B,=-5.28 £0.002, p<0.001) (Figure 3), by almost 5min
on average annually from 68 min in 2014 to 43 min in 2019.

Temporal trends in case fatality rates for AlS
patients

There were no significant changes in the overall all-cause
in-hospital AIS case fatality rates during the pre- and

post-intervention periods as well as immediately after the
intervention. Nevertheless, the in-hospital AIS case fatality
rates in CSCs and PSCs increased during the pre-interven-
tion period (f,=0.26 +0.10, p=0.024) and immediately
following the intervention (,=1.68 = 0.73, p=0.043), and
decreased significantly during the post-intervention period
(B,=-0.60 +0.18, p=0.008).

Discussion

In our interrupted time series design study on the impact of a
comprehensive national policy on improving acute stroke
patient care in Lithuania, we observed a significantly
decreased AIS hospital admission rate, significant trend
improvements in RT rates, and an immediate increase in the
proportion of AIS cases treated in CSCs or PSCs after the
policy change. In addition, there was a sustained significant
decreasing trend of all-cause in-hospital case fatality rates
within CSCs and PSCs despite a prompt initial immediate
increase. To our knowledge, this is the first study from a very
high CV RF region” demonstrating that comprehensive
changes in national stroke care policy could be associated
with substantial improvements in stroke care outcomes.
Lithuania has one of the highest AIS incidences in the
world.? However, we suspect that a considerable part of the
AIS diagnosed in the NHs could have been misdiagnosed
cases of peripheral vertigo,”* sequelae of previous strokes,
and other diseases.” We speculate that as an increasing
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proportion of AIS cases have been treated in CSCs and
PSCs, more patients received a correct AIS diagnosis. The
gradual and significant decrease in the prevalence of CV
RFs could have also played a role.’ Although we assessed
AIS hospital admission rather than AIS incidence rate, the
actual difference between them may not be large as sudden
death from stroke is very uncommon in the pre-hospital set-
ting,%® and every patient with AIS requires hospital admis-
sion by the current guidelines.”” However, hospital
admission rates for AIS in Lithuania in 2019 were still high
despite an obvious downward trend from the highest stroke
incidence worldwide in 2010.2%

Ample previous studies have shown a continuous
increase in [V rtPA20246 and EVT rates for AIS** in dif-
ferent countries over different study periods. However, our
data show that Lithuania experienced a countrywide break-
through of IV rtPA use only after the introduction of a com-
prehensive national policy. Similarly, EVT use was in
single digits before the government intervention and surged
after 2014, although some unmeasured confounders, such
as the breakthrough thrombectomy trials in 2015 that
increased physicians’ confidence in the safety and efficacy
of EVT, might have also contributed.*® Nevertheless, we
believe that retrospective per-case AIS RT expense reim-
bursement and budget cap removal might have been a more
robust incentive to improve RT numbers countrywide.
While there is no agreed benchmark for thrombolysis and
thrombectomy rates (these were respectively 12.6% and
5.4% in Lithuania in 2019),'° there is still room for improve-
ment as shown by remarkable nationwide IV tPA adminis-
tration rates of 23.5% in the Czech Republic and a 5.6%
EVT rate in Malta.*>%

Previous research has shown that the development of
stroke centers could improve patient outcomes and result in
a substantial increase in the proportion of AIS patients
receiving IV 1tPA.263%5! International guidelines recom-
mend the certification of stroke centers by an independent
external body,”> and suggest that 90% or more of stroke
patients should be treated in a stroke unit as the first level of
care.” In our study despite the significant immediate level
change, a non-significant slope change for the proportion of
cases treated in CSCs or PSCs suggests a lack of effect of
this government intervention over time. We contemplate
that other types of interventions, such as centralization of
AIS care requiring to bypass the NHs, or increase in stroke
unit density within the country could have a higher impact
on CSC/PSC treatment rate.

We found declining overall all-cause in-hospital stroke
case fatality rates from 13.8% in 2006 to 10.7% in 2019 —
comparable to those found in a similar study from neigh-
boring Poland, where in-hospital case fatality rates declined
from 13.6% in 2009 to 12.9% in 2013.%° It was significantly
lower in CSCs and PSCs with a sustained significant
decreasing trend after the change of government policy.
Still, AIS mortality was three times higher in Lithuania than
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the Organisation for Economic Co-operation and
Development (OECD) average (145.08 vs 47.28 per
100,000 population, respectively).>>

International guidelines recommend developing stroke
systems of care so that RT-eligible patients receive treat-
ment in the fastest achievable onset-to-treatment time.>> We
found a statistically significant decreasing trend in the
mean DTN time within the Lithuanian hospitals from
68 min in 2014 to 43 min in 2019. We speculate that higher
treatment volumes might lead to shorter DTN times — an
indicator of experience and confidence.***>%¢ Moreover,
quarterly SICMC reports to the MoH, and annual public
stroke center progress monitoring may have produced an
additional incentive.”” Astonishingly, recent data from the
Czech Republic showed that a national median DTN time
of 25 min or less is feasible.*

Our study has several limitations. First, the interrupted
time series design is a quasi-experimental approach used to
evaluate the impact of a single intervention, and unmeasured
confounders (i.e. decreasing CV RF prevalence) may have
affected the results. In addition, we did not investigate the
influence of the coronavirus disease 2019 (COVID-19) pan-
demic on stroke care outcomes, as we have deliberately cho-
sen to conduct our analysis on the pre-pandemic period.
Moreover, the breakthrough thrombectomy trials in 2015
might have played a role in the increased thrombectomy rates
throughout the country as there was an increase in confidence
in the safety and efficacy of EVT among neurologists.*
Fourth, functional and post-discharge long-term outcomes
could not be assessed, due to limited access to such data.
Fifth, our analysis is based on the group of hospitalized AIS
cases, not overall AIS incidence, but the actual difference
between these rates may not be large, since every patient with
AIS requires hospital admission by the current guidelines.”’

The strengths of our study are that our nationwide analy-
sis includes all Lithuanian AIS cases, which enables us to
elucidate the overall country-wide real-world trends in
acute stroke care outcomes. In addition, this is the first
study from a very high cardiovascular risk region demon-
strating that comprehensive changes in national stroke care
policy could be associated with substantial improvements
in stroke care outcomes.

Conclusion

We found that a comprehensive national stroke patient care
policy in Lithuania was associated with an improvement in
a wide array of quality measures both immediately after the
intervention and in the period following it. This is the first
study from a very high cardiovascular risk region demon-
strating how integrated efforts of leading stroke specialists,
government support, and a balanced stroke care network
could be associated with a breakthrough of modern RTs for
AIS patients. Further studies are warranted to elucidate
how the use of RT and post-reperfusion functional out-
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comes change according to time and circumstances in real-
world settings.
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Supplementary Table 1. The elements of the Lithuanian comprehensive
national stroke care policy

Non-financial incentives

The establishment of a national network of acute stroke centers

The reorganization of AIS patient flow: all acute stroke patients are
obliged to be referred to the nearest acute stroke center directly

A creation of a coordinated inventory of the AIS diagnostic and
management methods

Standard requirements for the accreditation of PSCs and CSCs

The creation of the Stroke Integrated Care Management Committee
under the Ministry of Health, which aims to:

Coordinate new financial incentives

Collect and monitor predefined AIS care performance
measures from stroke treatment sites

Provide quarterly reports to the Ministry of Health in order
to identify areas that require improvement

Financial incentives

A central coordinated purchase of rtPA

A retrospective per-case AIS total EVT expense reimbursement to
the healthcare providers

The lift of the budget cap for AIS patients

AIS — acute ischemic stroke, PSC - primary stroke center, CSC -
comprehensive stroke center, rtPA — recombinant tissue plasminogen
activator, EVT — endovascular treatment.
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Supplementary Table 2. List of Lithuanian primary and comprehensive
stroke centers

Comprehensive stroke centers

Vilnius University Hospital Santaros Clinics

Republican Vilnius University Hospital

Lithuanian University of Health Sciences Hospital Kaunas Clinics
Klaipéda Seamen’s Hospital

Republican Siauliai Hospital

Republican Panevézys Hospital

Primary stroke centers

Alytus County Stasys Kudirka Hospital
Marijampolé Hospital

Regional Telsiai Hospital

Tauragé Hospital

Utena Hospital
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Supplementary Table 3. List of performance measures collected by the
Lithuanian Stroke Integrated Care Management Committee quarterly

Pre-hospital stroke care quality measures

Percentage of patients with acute focal neurological symptoms
screened for stroke with FAST test

Percentage of patients with suspected AlS, transported to a stroke
center witin 1 hour of EMS notification

Percentage of patients with suspected AIS transported directly to a
stroke center

Positive predictive value for all EMS stroke alerts

Emergency Department stroke care quality measures

Percentage of patients with suspected AlS, to whom imaging (CT,
MRI) was performed and evaluated within 30 minutes of arrival to
ED

Inhospital stroke care quality measures

Number of patients treated with IVT

Percentage of patients, treated with IVT (out of all hospitalized AlIS
patients)

Number of patients treated with EVT

Percentage of patients, treated with EVT (out of all hospitalized AlIS
patients)

Number of patients treated with both IVT and EVT (out of all
hospitalized AIS patients)

Percentage of patients, treated with both IVT and EVT (out of all
hospitalized AIS patients)

Mean DTN time (minutes)
Percentage of patients, treated with IVT within 60 minutes

Percentage of patients, undergone dysphagia screening within 4
hours of hospitalization (out of all hospitalized AIS patients)

Percentage of patients, seen by a rehabilitation specialist within 24
hours (out of all hospitalized AIS patients)
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Percentage of patients, to whom rehabilitation procedures were
initiated within 72 hours (out of all hospitalized AlS patients)

Total number of hospitalized AIS patients
Total number of deaths due to AIS

Percentage of AIS patients, who died in hospital

Percentage of patients with persistent urinary dysfunction,
investigated and treated for underlying causes (out of all hospitalized
AIS patients)

Percentage of patients, referred for subsequent rehabilitation (out of
all hospitalized AIS patients)

Percentage of patients and their relatives, who received written
information on stroke diagnosis, stroke treatment plan, and practical
stroke patient care recommendations

FAST — Face Arm Speech Time, AIS — acute ischemic stroke, EMS —
emergency medical services, CT — computed tomography, MRI — magnetic
resonance imaging, ED — emergency department, IVT — intravenous
thrombolysis, EVT — endovascular treatment, DTN time — door-to-needle
time.
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Supplementary Table 4. Temporal changes in stroke care quality measures
before and after the implementation of a comprehensive national stroke care
policy in Lithuania (years 2006 through 2019)

Regression
Stroke care quality measure coefficient, P value
(SE)
Acute ischemic stroke hospital admission
rate
Period before intervention, /4 4.49 (2.14) 0.062
Immediately after intervention, 5 —35.93 (15.72) 0.045
Period after intervention, —16.47 (3.95) 0.002
Proportion of patients treated in CSCs or
PSCs
Period before intervention, /4 1.31 (0.002) <0.001
Immediately after intervention, 5 4.95 (1.14) 0.001
Period after intervention, 0.04 (0.29) 0.885
Proportion of patients treated with IV
rtPA
Period before intervention, 0.19 (0.05) 0.005
Immediately after intervention, /5 1.32 (0.38) 0.006
Period after intervention, S 1.42 (0.96) <0.001
Proportion of patients treated with EVT
Period before intervention, 3 0.01 (0.03) 0.742
Immediately after intervention, /5 —-0.13(0.19) 0.492
Period after intervention, 0.85 (0.05) <0.001
Mean door-to-needle time
Period after intervention, /5 —5.28 (0.002) <0.001
Overall in-hospital AIS case fatality
Period before intervention, —0.07 (0.13) 0.587
Immediately after intervention, 5 1.15 (0.96) 0.255
Period after intervention, S —0.22 (0.24) 0.384
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In-hospital AIS case fatality in CSCs and

PSCs
Period before intervention, 3 0.26 (0.10) 0.024
Immediately after intervention, 5 1.68 (0.73) 0.043
Period after intervention, S —0.60 (0.18) 0.008

SE - standard error, 1V rtPA — thrombolysis using intravenous recombinant
tissue plasminogen activator, EVT — endovascular treatment, CSC —
comprehensive stroke center, PSC — primary stroke center.

+ A, [, and S indicate the slope prior to intervention, change in level
immediately following the intervention, and difference between the pre- and
post-intervention slopes, respectively.

1 Only post-intervention values available.
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Background and Purpose: Acute stroke treatment outcomes are predicated on
reperfusion timeliness which can be improved by better prehospital stroke identification.
We aimed to assess the effect of interactive emergency medical services (EMS) training
on stroke recognition and prehospital care performance in a very high-risk cardiovascular
risk population in Lithuania.

Methods: We conducted a single-center interrupted time-series study between March
1, 2019 and March 15, 2020. Two-hour small-group interactive stroke training sessions
were organized for 166 paramedics serving our stroke network. We evaluated positive
predictive value (PPV) and sensitivity for stroke including transient ischemic attack
identification, onset-to-door time, and hospital-based outcomes during 6-months prior
and 3.5 months after the training. The study outcomes were compared between EMS
providers in urban and suburban areas.

Results: In total, 677 suspected stroke cases and 239 stroke chameleons (median age
75 years, 54.8% women) were transported by EMS. After the training, we observed
improved PPV for stroke recognition (79.8% vs. 71.8%, p = 0.017) and a trend
of decreased in-hospital mortality (7.8% vs. 12.3, p = 0.070). Multivariable logistic
regression models adjusted for age, gender, EMS location, and stroke subtype showed
an association between EMS stroke training and improved odds of stroke identification
(adjusted odds ratio [aOR] 1.6 [1.1-2.3]) and onset-to-door < 90 min (@OR 1.6 [1.1-2.5]).
The improvement of PPV was observed in urban EMS (84.9% vs. 71.2%, p = 0.003),
but not in the suburban group (75.0% vs. 72.6%, p = 0.621).

Frontiers in Neurology | www.frontiersin.org

April 2022 | Volume 13 | Article 765165

125



Sveikata et al.

EMS Stroke Training

Conclusions: Theinteractive EMS training was associated with a robust improvement of
stroke recognition, onset to hospital transport time, and a trend of decreased in-hospital
mortality. Adapted training strategies may be needed for EMS providers in suburban
areas. Future studies should evaluate the long-term effects of the EMS training and
identify optimal retraining intervals.
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INTRODUCTION

Stroke is a life-threatening condition in which prompt and
accurate diagnosis is essential for successfully implementing
reperfusion therapies (1). Emergency medical services (EMS)
play a crucial role in early recognition of stroke, as they are the
first-line providers in about two-thirds of cases (2). Although
EMS use by stroke patients is associated with earlier emergency
department (ED) arrival, quicker evaluation, and more rapid
treatment, how healthcare providers respond to stroke remains
an essential factor in explaining prehospital delays (1). The
process of clinically identifying a stroke is still the most significant
challenge for EMS, as a percentage of stroke mimics reaches up
to 50% (3, 4). Consequently, stroke mimics utilize the limited
resources of acute stroke care pathways that might otherwise be
directed toward the actual stroke patients who may benefit from
acute time-sensitive revascularization therapies the most (5). Of
concern, stroke mimic number in stroke care systems is expected
to rise due to demographic changes in the coming decades (6).
Therefore, it is crucial to improve the EMS performance in early
stroke recognition. Fast and correct stroke diagnosis facilitates
an early transfer to stroke-ready hospitals, reduces the volume
of stroke mimics, and improves outcomes of acute stroke.

Intensive efforts are made to improve the quality of early
stroke care. Training programs for EMS staff in simulated
neurological environments increase knowledge on stroke
recognition and awareness of time-sensitive medical emergencies
(1, 7-12). The hospital prenotification has improved in-hospital
timeliness metrics and increased intravenous thrombolysis (IVT)
rates (13). In addition, prehospital stroke scales and screening
methods for EMS staff have been introduced to allow for a
more objective stroke identification (e.g., Face Arm Speech
Time test, Los Angeles Motor Scale, Cincinnati Prehospital
Stroke Scale) (14, 15). Moreover, specific scales for large vessel
occlusion stroke were developed to facilitate the identification
of candidates for endovascular therapy (EVT) (16). Given
the changing landscape of prehospital stroke identification, a
continuous educational effort is required to ensure optimal
implementation of prehospital stroke protocols.

Stroke education interventions in prehospital care provided
mixed results. A large multicenter randomized control trial in
the United Kingdom did not show any benefit on the IVT rate.
Surprisingly, the onsite care duration was prolonged in the EMS
group that applied an enhanced stroke assessment protocol (17).
On the other hand, several interventions increased the accuracy
of stroke identification, the number of patients who underwent

reperfusion therapy, and significantly reduced the time from the
symptom onset to hospital arrival (7-9, 11, 18). Furthermore,
the duration of the training effects remains unknown (19).
Finally, the paucity of studies in very high cardiovascular risk
populations, such as the Baltic countries, urged us to investigate
prehospital stroke care intervention in Lithuania (20). Following
the European (21) and North American guidelines (13), it
is crucial to systematically assess the effectiveness of specific
stroke education interventions and maintain the continuity of
EMS education.

This study aimed to prospectively evaluate the effect of
interactive EMS training on stroke recognition accuracy and the
continuum of stroke care metrics. Second, we hypothesize that
the EMS training effect might differ in the communities served
and compare the training effect in urban and suburban locations.

METHODS
Study Design

We used an interrupted time-series design (22) to examine
the impact of interactive EMS stroke training on EMS and
hospital-based performance measures. We evaluated the positive
predictive value (PPV) and sensitivity for identifying stroke
patients, onset-to-door (OTD) <90min rate, and hospital-
based outcomes, including door-to-CT <30 min rate, reperfusion
therapy, door-to-needle <30 min rate, and in-hospital mortality.
We compared these variables between two periods—6 months
before and 3.5 months after the interactive EMS training. The
EMS personnel were blinded to the assessment.

The study was approved by the Vilnius Regional Biomedical
Research Ethics Committee and conducted following the
Declaration of Helsinki. The manuscript complies with STROBE
guidelines for observational research.

Setting

This single-center study was conducted in Vilnius University
Hospital (VUH) from 1 March 2019 to 16 March 2020,
terminated earlier due to an unanticipated state-wide COVID-19
lockdown (23). VUH is one of the two comprehensive stroke
centers (CSC) in Eastern Lithuania with a catchment population
of 945,000!, served by one EMS agency in urban and seven in
suburban municipalities (24). The EMS response team consisted
of a two-person team—paramedic and driver-paramedic. The

!Lithuanian Department of Statistics. (2020). Statistics Lithuania. Available at:
https://www.stat.gov.It/home [Accessed December 12, 2020].

Frontiers in Neurology | www.frontiersin.org

April 2022 | Volume 13 | Article 765165

126



Sveikata et al.

EMS Stroke Training

Before acute stroke training After acute stroke training
1 March 2019 - 31 August 2019 1 December 2019 - 15 March 2020
All patients All patients referred All patients
n=9472 to the ED by EMS n=5614
- during the study period -
n=15,086
No stroke suspicion: No stroke suspicion:
True negative > True negative
n=28,950 n=5220
Y EMS referred patients v
False negative Suspected stroke with suspected stroke Suspected stroke False negative
n=132 n=390 and stroke chameleons n =287 n=107
n=916
! I ! v l '
True positive False positive True positive False positive
n=280 n=110 n=229 n=58
(153 referred by (62 referred by (118 referred by (21 referred by
urban EMS, urban EMS, urban EMS, urban EMS,
127 by suburban EMS) 48 by suburban EMS) 111 by suburban EMS) 37 by suburban EMS)
FIGURE 1 | Flowchart of the study population. Patients were referred to the emergency department (ED) of Vilnius University Hospital by emergency medical services
(EMS) between March 1, 2019 and March 15, 2020.

EMS agencies were staffed by 331 specialists (217 in urban and
114 in suburban locations) and transported 220,400 patients.?
The paramedics had prior training in nursing (307, 92.7%) or
medicine (24, 7.3%).

The post-training period coincided with the change in
national stroke triage guidelines, implemented on January 1,
2020. The new regulations affected the workflow of suburban
EMS as it required direct transport of all suspected stroke cases to
the stroke-ready hospitals with IVT or EVT capability, bypassing
regional hospitals irrespective of the time from symptom
onset.®

Study Population

We collected data of suspected stroke or transient ischemic
attack (TIA) patients referred by the EMS to the VUH ED.
Secondary transfers from other hospitals and in-hospital strokes
were not included. We also collected data on false negatives, that
is, stroke cases that were not identified by the EMS. EMS used
the Face Arm Speech Time test (FAST) for the identification of
suspected strokes (25). Overall, 15,086 patients were referred to
the ED by the EMS, of whom 916 patients with EMS suspected
or hospital confirmed strokes were included in the analysis
(Figure 1). Stroke case ascertainment was done after arrival at
the hospital by an attending neurologist after a complete stroke

2Institute of Hygiene, Ministry of Health of The Republic of Lithuania. (2019).
Health and Healthcare Institutions in Lithuania. https://hi.lt/uploads/pdf/leidiniai/
Statistikos/LT_gyv_sveikata/leid2019.pdf [Accessed June 21, 2021].

3Minisn’y of Health of The Republic of Lithuania. (2019). The Statement on
Acute Stroke Work-up and Management Guideline Change. https://e-seimas.rs.
It/portal/legal Act/It/TAD/24591240ff0411e993cb8c8daaf8ff8a [Accessed June 21,
2021].

work-up. We did not include cases admitted during the 3-month
training period.

Interactive EMS Training

Twelve 2-h interactive prehospital stroke recognition training
sessions were held in the Neurology Department of VUH over
3 months (from September to November 2019). Interactive
training sessions were given by stroke neurologists from the
Lithuanian Stroke Association. Each training session was limited
to 20 EMS staff members. In total, 166 out of 331 (50.2%)
paramedics working in our stroke network participated in the
training. The training curriculum was based on the publicly
available ANGELS initiative’s e-learning course for stroke
education for emergency medical teams* adapted for local needs
and in-person delivery (available online®). The EMS stroke
training covered stroke epidemiology, pathophysiology, acute
stroke treatment, and outcomes, emphasizing the time-sensitive
aspects of acute stroke care. The EMS staff was trained to
recognize stroke with the FAST test and identify the major
stroke syndromes and stroke mimics. Additionally, participants
received an update on prehospital acute stroke management.
The presentation emphasized the importance of last known
well (LKW) documentation, glucose check, minimizing the
on-scene time, and hospital prenotification, followed by an
interactive discussion.

* Angels Initiative. (2020). The Advanced Stroke Life Support e-Learning. https://
www.angels-initiative.com/academy/emergency-services/advanced-stroke-life-
support [Accessed June 21, 2021].

SLietuvos insulto asociacija. (2020). Informacija gydytojams. Available at: http:/
www.insultoasociacija.lt/index.php/profesionalams/gydytojams [Accessed June
15,2021].
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TABLE 1 | Baseline characteristics and outcomes of emergency medical services suspected stroke admissions.

All patients Admitted Admitted after P-value Referred by Referred by P-value
(n =916) before training training urban EMS  suburban EMS

(n =522) (n = 394) (n = 500) (n = 416)
Median age, years (IQR) 75 (66-82) 74 (65-82) 75 (66-82) 0.596 75 (66-82) 75 (65-82) 0.340
Female sex, n (%) 502 (54.8) 276 (52.9) 226 (57.4) 0177 272 (54.4) 230 (55.3) 0.788
Confirmed strokes, n (%) 748 (81.7) 412 (78.9) 336 (85.3) 417 (83.4) 331 (79.6)
Ischemic stroke 606 (66.2) 339 (64.9) 267 (67.8) 0.371 335 (67.0) 271 (65.1) 0.555
Hemorrhagic stroke 86 (9.4) 46 (8.8) 40 (10.2) 0.491 48 (9.6) 38(9.1) 0.810
ICH 68 (7.4) 37(7.1) 31(7.9) 0.656 38 (7.6) 30(7.2) 0.823
SAH 18 (2.0 9(1.7) 9(2.3) 0.545 10(2.0) 8(1.9 0.933
Transient ischemic attack 56 (6.1) 27 (5.2) 29 (7.4) 0.171 34 (6.8) 22 (5.3 0.342
Stroke mimics, n (%) 168 (24.8) 110(28.2) 58 (20.2) 0.017 83 (23.4) 85 (26.3) 0.388
Stroke chameleons, n (%) 239 (32.0) 132 (32.0) 107 (31.8) 0.955 146 (35.0) 93 (28.1) 0.044
Daily volume, median (IQR)
Stroke alerts 2(1-3) 2(1-3) 3(2-4) 0.002 1(0-2) 1(0-2) 0.275
Confirmed strokes 2(1-4) 2(1-3) 3(2-4) <0.001 1(1-2) 1(1-2) 0.005
Reperfusion of ischemic strokes, n (%) 203 (33.5) 126 (37.2) 77 (28.8) 110 (32.8) 93 (34.3)
Not eligible 403 (66.5) 213 (62.8) 190 (71.2) 0.031 225 (67.2) 178 (65.7) 0.701
VT 97 (16.0) 54 (15.9) 43 (16.1) 0.953 59 (17.6) 38 (14.0) 0.231
EVT 86 (14.2) 62 (18.3) 24(9.0) 0.001 41(12.2) 45 (16.6) 0.126
Combined treatment 20 (3.3 10(2.9) 10@B.7) 0.586 10(3.0) 10@3.7) 0.629
Median timeliness metrics, min (IQR)
Onset-to-doort 114 (75-198) 119 (78-205) 110 (74-196) 0.606 93 (67-159) 137 (89-269) <0.001
Door-to-needle 41 (29-59) 41.5(31-58) 41 (29-60) 0.850 46 (31-63) 37.5(28-51) 0.078
Door-to-groin 81.5(61-102) 73.5 (61-100) 90 (65-110) 0.206 88 (60-107) 78 (61-98) 0.517
Baseline NIHSS, median (IQR)* 8 (4-15) 9 (6-15) 7 (4-15) 0.072 8 (4-15) 8 (5-15) 0.643
Discharge NIHSS, median (IQR)* 3(1-5) 3(1-5) 3(1-5) 0.962 3(1-4) 3(1-5) 0.360

IQR, interquartile range; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; IVT, intravenous thrombolysis; EVT, endovascular treatment; NIHSS, National Institutes of

Health Stroke Scale.
*Only patients with established onset of symptoms are included (n = 433).

*Baseline (n = 343) and discharge NIHSS (n = 172) are reported only for ischemic stroke patients who were considered for reperfusion therapy.

Data Collection

Demographic and clinical characteristics such as age, gender,
stroke type, daily stroke volume, type of reperfusion therapy,
acute stroke care timeliness metrics (onset-to-door, door-to-
needle, door-to-groin), and the National Institutes of Health
Stroke Scale (NIHSS) scores at admission and discharge were
collected for all confirmed strokes and stroke alerts referred
by EMS. True positives were defined as EMS-suspected strokes
followed by in-hospital confirmation of stroke (ischemic stroke,
intracerebral hemorrhage, or subarachnoid hemorrhage) or TIA
after a complete neurologic evaluation, including neuroimaging
by CT or MRI. False positives, or stroke mimics, were defined as
stroke alerts given an alternative diagnosis after a full assessment.
Furthermore, we collected information on false negative cases,
termed stroke chameleons. The NIHSS score was documented
only for patients who were considered for reperfusion therapy.

Statistical Analysis
We compared categorical variables using the x 2 test and Fisher’s
exact test, as appropriate. Based on their Gaussian distribution,

the quantitative variables were compared using the Student’s
t-test or Mann-Whitney U test. Baseline characteristics and
outcome measures were compared before and after the training
and based on EMS location strata (urban vs. suburban). The 95%
confidence intervals (CI) were calculated, where applicable.

Before the training, baseline trends in monthly EMS
performance and hospital-based outcomes were assessed
using univariate linear regression and the x? test for trend.
We performed multivariable logistic regression models
to assess the association between the training and EMS
performance and in-hospital outcome measures. To account
for potential confounding effects of age, gender, EMS
location, and stroke subtype where appropriate, we used
the hybrid backward/forward stepwise selection using the
Akaike information criterion (26), removing variables with a
nonsignificant (p > 0.05) association. Age was forced into all
models as an a priori confounder. P < 0.05 (two-sided) was
considered statistically significant. IBM SPSS Statistics 23.0
software (IBM Corp., Armonk, NY, United States) and R version
3.6.2 were used for statistical analyses.
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RESULTS

We enrolled 916 patients with a median age of 75 (interquartile
range: 66-82) years, of which 502 (54.8%) were female. In
total, 677 suspected strokes (73.9%) were admitted to the ED,
comprising 509 true positives (55.6%) and 168 false positives
(18.3%). In contrast, EMS did not recognize 239 (26.1%)
strokes, labeled false negatives or stroke chameleons. The study
groups before and after the training were balanced in terms of
demographics, stroke subtype, and baseline NIHSS (Table 1).
Urban EMS providers transported 500 patients (54.6%), whereas
suburban EMS transported 416 (45.4%).

Demographic and Clinical Characteristics

Before and After the Training

More daily stroke alerts (3 [2-4] vs. 2 [1-3], p = 0.002)
and confirmed strokes (3 [2-4] vs. 2 [1-3], p < 0.001) were
observed in the post-training period. However, proportionally
fewer patients were eligible for reperfusion therapy (28.8% post-
training vs. 37.2% pre-training, p = 0.031) due to a decreased
rate of endovascular therapy compared to the pre-training period
(9.0% vs. 18.3%, p = 0.001). No significant differences in IVT and
combined treatment groups were observed.

The median onset-to-door time (110 [74-196] min vs. 119
[78-205] min, p = 0.606) improved numerically after the
training but did not reach statistical significance. The door-to-
needle, door-to-groin times, and discharge NIHSS did not differ
significantly before and after the stroke training.

We did not identify any trends in EMS performance or
prehospital care metrics during the 6 months before the EMS
training (Table 2); thus, next, we assessed the impact of EMS
training on these metrics.

EMS Training Effect
In the pairwise comparison, the PPV for the identification of
acute stroke patients was significantly higher in the post-training
period (79.8% [75.1-84.4] vs. 71.8% [67.3-76.3], p = 0.017).
Notably, however, the proportion of false negatives and the EMS
recognized stroke patients (sensitivity) did not differ before and
after the intervention (Table 3). Although there was a weak
trend for improvement in door-to-needle times and in-hospital
mortality, there was no statistically significant difference in other
hospital-based outcomes before and after the EMS training.
Multivariable logistic regression showed improved odds of
stroke identification (PPV) (Table 4), which remained significant
after adjusting for age, gender, and EMS location (adjusted odds
ratio (aOR) 1.6 [1.1-2.4]). Furthermore, we observed improved
odds of patient arrival within 90 min of stroke onset (aOR 1.6
[1.1-2.5]), driven by an improvement in OTD < 90 min time
in urban EMS (56.8% [46.4-66.7] post-training vs. 41.1% [33.5-
49.0] pre-, p = 0.019).

Urban vs. Suburban EMS

EMS-referred patients from urban and suburban areas did not
differ in demographic characteristics, acute stroke types, baseline
and discharge stroke severity, and eligibility for reperfusion
therapy (Table 1). Although there were more overall daily

confirmed strokes referred by urban EMS (1 [1-2] vs. 1 [0-2], p
= 0.005), there was no difference in the proportion of suspected
strokes vs. total patients transported by urban and suburban
EMS; thus, indicating similar suspected stroke prevalence in
both groups.

There was no significant baseline difference in PPV values
between urban and suburban EMS (Figure 2). However, after
the training, the PPV improved in the urban EMS group (84.9%
[78.9-90.8] vs. 71.2% [65.1-77.2], p = 0.003), but not in the
suburban EMS (75.0% [68.0-82.0] vs. 72.6% [66.0-79.2], p =
0.621). Marginally more stroke chameleons were referred by
urban than suburban EMS (35.0% [30.6-39.7] vs. 28.1% [23.5-
33.2], p = 0.044), indicating lower sensitivity in the urban EMS
group. However, there was no significant difference in sensitivity
before and after the training within each EMS group.

Shorter overall median onset-to-door time was observed in
patients referred by urban EMS (93 [67-159] min vs. 137 [89-
269] min, p < 0.001), and more urban patients reached the CSC
within 90 min (46.9% [40.6-53.2] 25.3% [19.7-31.8], p < 0.001)
compared to the suburban EMS. After the training, there was a
weak trend for improvement of the absolute onset-to-door time
(84.5 min vs. 108.0 min, p = 0.074) and a significant improvement
in onset-to-door < 90 min rate in the urban EMS (70.5% [60.2—
79.0] vs. 41.1% [33.5-49.0], p = 0.019), but not in the suburban
EMS group (28.0% [19.9-37.8] vs. 22.8% [15.7-31.9], p = 0.406)
(Figure 2).

DISCUSSION

We have several main findings from this prospective interrupted
time-series study evaluating the effect of interactive EMS
training on prehospital stroke care. First, we found a sustained
improvement of prehospital stroke recognition during at least
four consecutive months after the training. Second, we found
an improved rate of timely transfers of suspected strokes
to the hospital, demonstrating the overall benefit of EMS
training on the continuum of prehospital care. Third, we

TABLE 2 | Trends in emergency medical services performance and
hospital-based outcomes during the 6 months before the training.

Performance Regression P-value!
coefficient’

EMS recognized stroke patients -0.0173 0.527

(sensitivity)

PPV for identification of —0.0027 0.692

stroke patients

Onset-to-door <90 min —0.0131 0.924

Door-to-CT <30 min —0.0035 0.848

IVT rate —0.0054 0.425

Door-to-needle time <30 min —0.0169 0.415

In-hospital mortality 0.0028 0.606

PPV, positive predictive value; CT, computed tomography; VT, intravenous thrombolysis.
*Linear regression coefficient for the proportion of cases with each outcome during
1-month intervals.

#%2 or Fisher's Exact Test for trend, as appropriate.
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found a trend of decreased in-hospital mortality that could
be related to more timely stroke patient transport to the
hospital. Finally, the training effect was more pronounced in
the urban EMS group and, thus, we discuss the possible reasons
and implications.

We found fewer stroke mimics in the post-training period
without an increase in the false negative rate. Thus, increasing
the PPV did not result in suboptimal triage of strokes, nor
did it deprive stroke patients of time-sensitive revascularization
treatment. The improvement of PPV was driven by a reduced
rate of stroke mimics in the urban EMS group. One of the
reasons for significantly improved PPV in the urban but not
the suburban EMS group could be the implementation of new
national regulation of prehospital stroke triage on January 1,
2020, that partially overlapped with the post-training period.
According to the new law, suspected stroke patients were
transferred directly to stroke-ready hubs bypassing primary
evaluation in the regional hospitals irrespective of their LKW
time. The new guidelines were designed to improve access to
reperfusion therapy for stroke patients in the suburban regions.
However, the stroke triage pathway change may have increased
the false positive rate in the suburban EMS group as they
transported more suspected stroke cases directly to the CSC
instead of the regional hospitals. Thus, we speculate that the
weak trend of PPV improvement in the suburban EMS group
reflects the effect of EMS training offsetting the expected dip of
PPV in the suburban EMS group. Another possible explanation
could be differences in stroke knowledge between urban and
suburban paramedics before the training or other variables,
such as differing socioeconomic status, comorbidities, or secular
trends, not evaluated in this study.

The increase in PPV after the training is clinically relevant
because it can help reduce the false positive cases overflowing the
acute stroke care pathways. Optimal utilization of the frontline
stroke care and neuroimaging resources is particularly relevant
during peak hours of stroke incidence, such as the morning
hours (27) or public health emergencies, as was the case during
the COVID-19 pandemic (23). Therefore, continuous efforts are
crucial to ensure optimal prehospital stroke identification.

Previous studies have shown that a brief educational EMS
intervention could substantially improve EMS knowledge of
prehospital stroke scales, prenotification compliance, and field
triage protocols (10, 28). Moreover, a recent prospective study by
Oostema et al. assessed the real-world impact of EMS training
on prehospital stroke recognition and found that an online
EMS education module coupled with performance feedback
was associated with improved stroke recognition sensitivity,
increased hospital prenotification, and faster tPA delivery (9).
In addition to these findings, our study demonstrates that in-
person interactive EMS training improves prehospital stroke
identification and timely transfer to the ED. We also note that the
sensitivity in our study did not change after the training, which
might be explained by a relatively high baseline performance.
The baseline stroke recognition sensitivity in our study (68.0%)
was comparable to the post-training sensitivity in the Oostema
etal. study (69.5%), suggesting a ceiling effect of stroke sensitivity
improvement. Consequently, the improvement in PPV did not

TABLE 4 | Logistic regression models showing the association between
emergency medical services training and acute stroke care performance measure
and hospital-based outcomes.

Outcome Unadjusted Adjusted’
OR (95% Cl) OR (95% ClI)
EMS recognized stroke patients 1.0(0.7-1.4) 1.0 (0.7-1.4)F
(sensitivity)
PPV for identification of 1.6(1.1-2.2) " 1.6 (1.1-2.4)*
stroke patients
Onset-to-door time <90 min 1.4(1.0-2.1) 1.6 (1.1-2.5)%*
Door-to-CT time <30 min 1.0(0.4-2.9) 0.8 (0.3-2.4)
IVT rate 1.1 (0.7-1.6) 1.1(0.7-1.6)
Door-to-needle time <30 min 1.5(0.7-3.5) 1.5 (0.6-3.5)
In-hospital mortality 0.6 (0.3-1.0) 0.6 (0.4-1.1)*

OR, odds ratio; Cl, confidence interval; PPV, positive predictive value; CT, computed
tomography; IVT, intravenous thrombolysis.

* Adjusted for age, gender;, and EMS location (urban vs. suburban).

*Adjusted for age, gender, EMS location, and stroke type.

*P < 0.05.

TABLE 3 | Emergency medical services performance and hospital-based outcomes among 916 suspected or confirmed strokes before and after the training.

Performance All patients Before training After training P-value
(95% CI) (95% Cl) (95% CI)
EMS recognized stroke patients (sensitivity) 68.0% (64.6-71.3) 68.0% (63.3-72.3) 68.2% (63.0-72.9) 0.955
PPV for identification of stroke patients 75.2% (71.9-78.4) 71.8% (67.3-76.3) 79.8% (75.1-84.4) 0.017
Onset-to-door <90 min 37.2% (32.8-41.8) 33.7% (28.2-39.8) 42.0% (35.0-49.3) 0.079
Door-to-CT <30 min® 84.2% (78.6-88.6) 84.1% (76.8-89.5) 84.4% (74.7-90.9) 0.956
IVT rate’ 19.3% (16.4-22.6) 18.9% (15.1-23.4) 19.9% (15.5-25.1) 0.764
Door-to-needle time <30 min 27.4% (20.1-36.1) 23.4% (14.8-35.1) 32.1% (21.1-45.5) 0.297
In-hospital mortality® 10.5% (8.4-13.2) 12.3% (9.4-16.0) 7.8% (5.1-11.8) 0.070

Cl, confidence interval; PPV, positive predictive value; CT, computed tomography; IVT, intravenous thrombolysis.

*Included stroke patients, who underwent reperfusion treatment (n = 203).
+Only ischemic stroke patients (n = 606).
SOnly hospitalized stroke patients (n = 636).
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result in a false negative rate (type II error) increase and, thus, did
not deprive stroke patients of time-sensitive treatment. Similarly,
our intervention did not affect the reperfusion therapy rate.
Nevertheless, our baseline IVT rate was at least two times higher
(15.9%) than in 10 out of 13 studies reported in a recent meta-
analysis (19). Therefore, this suggests interventions had less effect
in populations with high baseline performance.

A recent attempt to enhance prehospital stroke care
was undertaken in the Paramedic Acute Stroke Treatment
Assessment (PASTA), a multicenter randomized clinical trial in
the UK. Surprisingly, the intervention resulted in 8.5 min longer
onsite care time and did not show any tPA rate improvement (17).
Arguably, sophisticated prehospital assessment protocols did not
facilitate IVT decision-making. On the other hand, we find
conflicting results from non-randomized intervention studies
showing that prehospital intervention improved reperfusion
therapy rates (11, 19) and in-hospital treatment times (9,
11). In addition to the previous studies, our study shows
that interactive EMS training can improve stroke recognition
and prehospital transfer times and, thus, improve the overall
timeliness of acute stroke care. In contrast, we did not observe
changes in hospital-based metrics. However, our study was
not designed to evaluate the in-hospital performance since
we did not collect data on hospital prenotification rate, and
the EMS staff was not involved in the clinical care after the
ED admission. Other in-hospital variables, such as imaging
capacity, availability of rapid image interpretation, and ED
workload influence the stroke care but are not accounted for in
our study.

The training effect on timely prehospital transportation was
more robust in the urban compared to the suburban EMS group.
Since transport time from suburban regions is longer due to
greater distances between the patient and the CSC, fewer patients
could arrive within 90 min of symptom onset. Furthermore, due
to the national regulatory changes during the study, all suspected
stroke cases were to be transported to stroke-ready hospitals,
irrespective of the time of symptom onset. Thus, the number of
stroke alerts outside the acute treatment window increased in

the suburban but not the urban EMS group. Hence, the actual
training effect in the suburban EMS group was confounded by
these regulatory changes.

The recent stroke triage changes in Lithuania were aimed to
increase EVT access to patients in suburban areas by transporting
suspected stroke cases directly to stroke-ready centers. However,
the choice between drip and ship or mothership model is context-
specific (29) and poses thorny clinical dilemmas (30). EVT has
a remarkable treatment effect with the number needed to treat
of 2.6 to reduce disability in the early hours after stroke onset
(31). If large vessel occlusion (LVO) is suspected, direct transfer
to a CSC with EVT capacity might be privileged, as a shorter
time to reperfusion would improve the treatment effect (32).
On the other hand, bypassing primary stroke centers with IVT
capacity might cause unnecessary delays to IVT and an increase
in false positive large vessel occlusion transfers due to suboptimal
triage. To address these questions, the RACECAT study was
conceived in Catalonia, Spain, a first randomized clinical trial
in the field (ClinicalTrials.gov, identifier: NCT02795962). After
randomizing 1,401 patients, the preliminary study results showed
no difference in ischemic stroke outcomes between drip-and-ship
and mothership models in a highly coordinated stroke network
(33). Similarly, in our study, we did not observe any change
in IVT rate, whereas surprisingly there was a decrease in EVT
rate. However, the comparison of IVT and EVT rates before and
after the training should be made with caution. The post-training
period coincides with the increased transfer rate of suspected
suburban stroke cases with elongated LKW, resulting in a higher
number of strokes arriving at the CSC beyond the EVT window.
Another explanation could be a cyclical variation in EVT eligible
cases. Nevertheless, since all stroke alerts were analyzed, the
regulation change was not expected to confound the comparison
of EMS stroke recognition. Future studies should evaluate the
impact of the triage regulation change on reperfusion therapy
accessibility and stroke outcomes that was out of scope of the
current study.

Although the direct transfer to the CSC could be most
beneficial for LVO patients, the FAST scale used in our study
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FIGURE 2 | Emergency medical services (EMS) performance before and after the EMS training. (A) Positive predictive value (PPV) for identification of stroke patients.
(B) Onset-to-door time <90 min rate stratified by EMS location.
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was not explicitly designed to detect LVO. In this context, a
prospective study comparing eight prehospital scales for LVO
identification showed that an adapted version of Gaze-Face-
Arm-Speech-Time (G-FAST) had high LVO recognition accuracy
similar or higher to other LVO scores (34). Moreover, improving
the PPV of the stroke screening tools can increase the area
where the mothership model provides the best stroke treatment
outcome (29). More studies will be needed to explore the
optimal LVO prediction methods to triage patients for different
transfer pathways.

The main strength of our study is a prospective design
and relatively large sample size. The blinding of EMS staff to
the assessment allowed us to evaluate the training effect and
avoid the apprehension bias, also known as the Hawthorne
effect, when participants modify their behavior in response to
their awareness of being observed (35). The main limitation
of our study was the absence of a control group to fully
evaluate the actual effect of the intervention. However, since
there were no significant differences in demographic and clinical
characteristics of suspected stroke cases before and after the
training, the confounding by unmeasured factors was limited.
Also, the overlap between the first month before and the
last month after the training allowed us to compare similar
calendar periods. Second, due to optional attendance, just over
half of the EMS staff underwent the training. However, this
rather introduces a bias toward the null, and we expect a
stronger training effect with higher participation. Third, we
found increased daily stroke rates in the post-training period,
influenced by the change in the stroke triage regulations in
suburban regions. However, the marginal increase in stroke
prevalence during the post-training period could not fully
explain the PPV improvement. We observed improved PPV
with non-overlapping CI in the urban EMS and a weak
trend in the suburban group favoring a consistent effect of
EMS training across both groups. Fourth, our intervention
did not target the dispatcher stroke recognition or hospital
prenotification rate; thus, the inclusion of additional actors
in the intervention might further improve the prehospital
stroke care. Fifth, due to the emerging COVID-19 pandemic,
we terminated our analysis before the national lockdown
which significantly limited access to urgent and non-urgent
healthcare (23). Had the study been continued and more
cases were included in the post-training period, we could
have expected a more significant effect on the in-hospital
mortality. Also, we could not conclude on the long-term effects
of the training beyond four months. Finally, our study was
conducted in a very high cardiovascular risk population (20).
These findings are generalizable to currently underrepresented
populations with similar healthcare systems and EMS staffing
patterns, including but not limited to Baltic states and
Eastern European countries. Therefore, this study could inform
prehospital clinical care and study design to improve prehospital
stroke workflow using publicly available e-learning stroke
education resources.

CONCLUSIONS

Interactive EMS training improved the prehospital stroke
recognition that was maintained during at least four consecutive
months. Consequently, we found a measurable improvement
in prehospital stroke transfer metrics and a trend toward
decreased in-hospital mortality providing evidence for EMS
trainings positive effect on overall acute stroke care. The
EMS training effect was more robust in the urban than
the suburban EMS group. Thus, context-tailored training
programs should be considered for EMS providers in different
locations. Future studies should evaluate the long-term
effects of the EMS training on prehospital stroke care,
hospital-related outcomes, and aim to determine optimal
retraining intervals.
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Abstract: Background and Objectives: Atrial fibrillation (AF) is the most common cardiac arrhythmia
and is associated with a five-fold increased risk for acute ischemic stroke (AIS). We aimed to estimate
the prevalence of AF in a Lithuanian cohort of stroke patients, and its impact on patients regarding
case fatality, functional outcome, and health-related quality of life (HRQoL) at 90 days. Materials
and Methods: A single-center prospective study was carried out for four non-consecutive months
between December 2018 and July 2019 in one of the two comprehensive stroke centers in Eastern
Lithuania. A telephone-based follow-up was conveyed at 90 days using the modified Rankin Scale
(mRS) and EuroQoL five-dimensional three-level descriptive system (EQ-5D-3L) with a self-rated
visual analog scale (EQ-VAS). One-year case fatality was investigated. Results: We included 238 AIS
patients with a mean age of 71.4 4 11.9 years of whom 45.0% were female. A striking 97 (40.8%)
AIS patients had a concomitant AF, in 68 (70.1%) of whom the AF was pre-existing. The AIS
patients with AF were at a significantly higher risk for a large vessel occlusion (LVO; odds ratio
2.72 [95% CI1.38-5.49], p = 0.004), and had a more severe neurological impairment at presentation
(median NIHSS score (interquartile range): 9 (6-16) vs. 6 (3-9), p < 0.001). The LVO status was only
detected in those who had received computed tomography angiography. Fifty-five (80.9%) patients
with pre-existing AF received insufficient anticoagulation at stroke onset. All patients received
a 12-lead ECG, however, in-hospital 24-h Holter monitoring was only performed in 3.4% of AIS
patients without pre-existing AF. Although multivariate analyses found no statistically significant
difference in one-year stroke patient survival and favorable functional status (mRS 0-2) at 90 days,
when adjusted for age, gender, reperfusion treatment, baseline functional status, and baseline NIHSS,
stroke patients with AF had a significantly poorer self-perceived HRQoL, indicated by a lower
EQ-VAS score (regression coefficient & standard error: p = —11.776 + 4.850, p = 0.017). Conclusions:
In our single-center prospective observational study in Lithuania, we found that 40.8% of AIS
patients had a concomitant AF, were at a higher risk for an LVO, and had a significantly poorer
self-perceived HRQoL at 90 days. Despite the high AF prevalence, diagnostic tools for subclinical AF
were greatly underutilized.
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Medicina 2022, 58, 800. https:/ /doi.org/10.3390/ medicina58060800

https:/ /www.mdpi.com/journal /medicina

136



Medicina 2022, 58, 800

20f12

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia, affecting 33.5 million
people globally, and is a well-established independent risk factor for acute ischemic stroke
(AIS) [1,2]. Cardioembolic stroke is known to be more severe [3] and associated with greater
morbidity, mortality, and disability [4,5]. In addition, stroke patients with AF exhibit a high
risk of recurrent ischemic events [6,7]. Therefore, detecting AF is crucial both for primary
and secondary stroke prevention. The earlier and the longer cardiac monitoring occurs
after a stroke, the higher the chance to detect AF and consequently prescribe the right
antithrombotic treatment for secondary prevention of stroke [8,9].

Oral anticoagulation (OAC) reduces the risk of stroke and all-cause mortality com-
pared with control or placebo in patients with non-valvular AF [10,11]. In addition, there
is no evidence of better stroke outcomes in patients with AF taking antiplatelet agents
versus not taking any antithrombotic medication [12,13]. However, OAC is frequently
under-prescribed, especially in the elderly [14], and of those treated, the proportion of
adherent patients could be as low as 41% one year later [15-17].

The incidence of AIS and stroke mortality in Lithuania is amongst the highest in the
world [18,19], in large part due to a high prevalence and poor control of cardiovascular
risk factors [18,20]. Moreover, in Lithuania the expected increase in age-adjusted stroke
incidence and prevalence rates is the highest, and the expected decrease in stroke mortality
is the lowest among all European Union countries [21]. However, data regarding the
proportion of AIS cases associated with AF is lacking, although studies from the other
two Baltic States indicate some of the highest AF prevalence among AIS patients globally,
reaching up to a striking 48.6% [22-24].

The aim of our study was (1) to estimate the prevalence of AF in a Lithuanian cohort
of stroke patients, and its (2) impact on patients’ case fatality, functional outcome, and
health-related quality of life (HRQoL) at 90 days.

2. Materials and Methods
2.1. Study Design and Population

A single-center prospective study was carried out for four full non-consecutive months
to account for seasonal differences—between December 2018 and July 2019. All patients
with AIS, treated in Vilnius University Hospital—one of the two comprehensive stroke
centers in Eastern Lithuania—were included.

The study was approved by the Lithuanian Bioethics Committee and complied with
STROBE guidelines for observational research.

2.2. Baseline Characteristics

Demographic and clinical characteristics such as age, sex, presence of AF, National
Institutes of Health Stroke Scale (NIHSS) score on admission, presence of a large vessel
occlusion (LVO), reperfusion therapy, antithrombotic treatment used, and AF screening
status were collected. The AF screening included 24-h Holter monitoring only, as Stroke
Unit telemetry was not routinely performed during the study period. Pre-existing AF
was defined as AF known prior to a stroke onset. Atrial fibrillation detected after a stroke
(AFDAS) was defined as a newly detected AF after a stroke in patients without pre-existing
AF [25].

2.3. Follow-Up and Outcomes

The main outcomes for this analysis were: (1) all-cause in patient, 90-day, and 1-year
case fatality, (2) favorable functional outcome at 90 days (modified Rankin Scale (mRS)
0-2), and (3) self-reported HRQoL at 90 days, measured by the EuroQoL five-dimensional
three-level descriptive system (EQ-5D-3L).

Either AIS patients or their caregivers who could participate in a telephone-based
follow-up were surveyed 90 days after stroke onset using the mRS. In addition, the EQ-5D-
3L with a self-rated visual analog scale (EQ-VAS) was used as a self-reported measure of
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HRQoL. The EQ-5D-3L is a widely used instrument, describing the respondent’s health
state in terms of three severity levels in each of the five domains: mobility, self-care,
usual activities, pain/discomfort, and anxiety /depression [26,27]. Individual values were
transformed into an index value ranging from —0.074 to 1 using a European value set
with 1 being the best health possible, 0 being dead, and a score < 0 representing a health
condition worse than death [28]. The EQ-VAS provided information about the participants’
subjective health perception: the AIS patients were asked to score their health state on that
specific day of the survey on a scale from 0 to 100, with 0 being “the worst health you can
imagine” and 100 being “the best health you can imagine”.

Information on all-cause patient case fatality, including the date of death, was obtained
retrospectively from electronic health records one year after stroke onset. It is mandatory
to issue all death certificates electronically in Lithuania [29], therefore, precise information
on all patients was available.

2.4. Statistical Analysis

The qualitative variables were presented as count and percentage. The quantitative
variables, based on their Gaussian distribution, were presented as mean =+ standard de-
viation (SD) or median and interquartile range (IQR). Individuals were categorized into
groups by the presence of AF. The AF group was further divided depending on whether the
AF was known prior to admission or was detected after the stroke during the hospital stay.
Student’s t-test or Mann-Whitney U test was used to compare quantitative variables, as
appropriate. For categorical variables, Chi-square test or Fisher’s exact test was used, and
95% confidence intervals (CI) were calculated, as appropriate. We used a binary multiple
logistic regression model to calculate the odds ratio (OR) of having an LVO in patients with
pre-existing or newly diagnosed AF, adjusted by age and sex. Our definition of an LVO
included the occlusion sites accessible for thrombectomy: middle cerebral artery 1st and
2nd segments (M1, M2), anterior cerebral artery (Al segment), posterior cerebral artery 1st
and 2nd segments (P1, P2), basilar artery, vertebral artery, and internal carotid artery [30].

“Time 0” for survival analyses was the date of hospitalization for the index stroke
event. A comparison of the probability of freedom from the prognostic binary endpoints
between groups with and without AF was performed by Kaplan—-Meier survival analysis.
Differences in the Kaplan-Meier curves were evaluated with the log-rank test. Univariate
and multivariate Cox regression analyses were also performed to determine the prognostic
implications of each variable on patient death. Variables investigated included AF, age,
gender, presence of reperfusion treatment, good baseline functional status (mRS 0-2), and
baseline NIHSS. Variables with p < 0.1 on univariate analysis were entered into the multi-
variable model. The hazard ratios (HR) were presented with their 95% confidence intervals.

In addition, both unadjusted and adjusted logistic regression analyses were performed
with a good functional outcome (mRS 0-2) as the dependent variable. The adjusted logistic
analyses were performed using stepwise forward selection, based on significant variables
in the adjusted models.

Finally, multiple linear regression was used to estimate the associations between the
independent variables (age, gender, AF, reperfusion treatment, good baseline functional
status, and baseline NIHSS) and HRQoL, represented by EQ-VAS and EQ-5D-3L index
scores. A value of p < 0.05 (two-sided) was considered to be statistically significant. The
software R version 3.6.2 (The R Foundation for Statistical Computing, Vienna, Austria) was
used for all statistical analyses.

3. Results
3.1. Demographic and Clinical Characteristics

Overall, 238 AIS patients with a mean age of 71.4 & 11.9 years were included in our
study of which 45.0% were female (Table 1). Ninety-seven (40.8%) AIS patients were found

to have concomitant atrial fibrillation: 68 (28.6%) were diagnosed with AF prior to hospital
arrival, and 29 (12.2%) had AFDAS (Table 2, Figure 1, Table S1). While comparing the groups
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with and without AF, stroke patients with AF were significantly older (75.7 vs. 68.4 years,
p <0.001), and had a more severe neurological impairment at presentation (a median
NIHSS score of 9 [IQR 6-16] vs. 6 [3-9], p < 0.001). However, the baseline level of functional
independence (mRS 0-2) did not differ between groups and reached an overall 89.5%. In
addition, the proportion of female patients was significantly larger in the AF group (58.8%
vs. 35.5%, p < 0.001).

A total of 160 (67.2%) AIS patients underwent computed tomography angiography
(CTA), in 51.3% of whom an LVO was found. Patients with AF were at a significantly
higher risk for an LVO compared to patients without AF with an odds ratio of 2.72 (95% CI
1.38-5.49, p = 0.004), when adjusted by age and gender. Sixty-one (38.1%) patients had an
LVO in the anterior circulation, 17 (10.6%) in the posterior circulation, and 4 (2.5%) patients
had an LVO in both. Anterior circulation stroke was significantly more common in patients
with a known LVO and AF (55.2% vs. 25.8%, p < 0.001).

Table 1. Demographic and clinical characteristics for stroke patients with and without atrial fibrilla-
tion. Significant p-values are shown in bold.

All Stroke Patients  Stroke Patients with AF Stroke Patients without AF

(1 = 238) (n =97) (n = 141) p-Value
Female, 1 (%) 107  (45.0) 57 (58.8) 50 (35.5) <0.001
Mean age, years (SD) 714 (11.9) 75.7  (11.0) 68.4 (11.5) <0.001
Baseline median mRS < 2, 1 (%) 213 (89.5) 88 (90.7) 125 (88.7) 0.609
Baseline NTHSS, median (IQR) 6 (4-12) 9 (6-16) 6 (39 <0.001
Risk factors, n (%)
Hypertension 217 (91.2) 93  (95.9) 124 (87.9) 0.034
Diabetes mellitus 50 (21.0) 26 (26.8) 24 (17.0) 0.069
Dyslipidemia 185 (77.7) 65 (67.0) 120 (84.1) <0.001
History of stroke/TIA 51 (214) 25 (25.8) 26 (18.4) 0.175
Congestive heart failure 91 (382 58 (59.8) 33 (234) <0.001
Coronary artery disease 82 (34.5) 51 (52.6) 31 (22.0) <0.001
Peripheral artery disease 12 (5.0 5 (5.2) 7 (5.0 0.947
Underlying malignancy 15 (6.3) 4 (41 1 (7.8) 0.251
CTA performed, 1 (%) 160  (67.2) 67  (69.1) 93  (66.0) 0.615
Reperfusion, n (%) 91 (38.2) 38 (39.2) 53  (37.6)
Not eligible 147 (61.8) 59  (60.8) 88 (62.4) 0.805
T 41 (17.2) 13 (134) 28  (19.9) 0.195
EVT 41 (17.2) 20 (20.6) 21 (149 0.250
Combined treatment 9 (3.3 5 (5.2) 4 (2.8) 0.357
Large vessel occlusion, 1 (%) t 82 (51.3) 44 (65.7) 38 (40.9) 0.002
Anterior 61 (38.1) 37 (55.2) 24 (25.8) <0.001
Posterior 17 (10.6) 5 (7.5) 12 (12.9) 0.271
Both 4 (2.5) 2 (32 2 (2.0 0.739
None 78 (48.8) 23 (34.3) 55  (59.1) 0.002
24-h Holter monitoring, 1 (%)
Performed 5 (3.5
Not performed 136 (96.5)

AF—atrial fibrillation, SD—standard deviation, mRS—modified Rankin Scale, NITHSS—National Institutes of
Health Stroke Scale, IQR—interquartile range, TIA—transient ischemic attack, CTA—computed tomography
angiography, [VT—intravenous thrombolysis, EVT—endovascular treatment. + Out of those in whom CTA was
performed. { Only stroke patients without known AF.
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Table 2. Antithrombotic treatment status for stroke patients with pre-existing atrial fibrillation (AF)
on admission and for all AF patients on discharge.

Pre-Existing AF All AF
before Stroke Onset on Discharge |
(n = 68) (n=84)
Antithrombotic treatment
status, 1 (%)
No treatment 23 (33.8) 0 (0
Antiplatelets 8 (11.8) 10 (11.9)
LMWH + 0 (0) 10 (11.9)
Warfarin t 26 (36.8) 23 (274)
NOACs t+ 11 (16.2) 41 (48.8)
INR, median (IQR) 1.28 (1.20-1.79)
INR within therapeutic
range, 1 (%) t 5 12
Insufficient anticoagulation, 55 (309)

n (%) §
AF—atrial fibrillation, LMWH—low molecular weight heparin, NOACs—non-vitamin K antagonist oral anticoag-
ulants, INR—international normalized ratio, IQR—interquartile range. + With or without antiplatelets.  Only for
patients using warfarin (1 = 26). § Includes AF patients with no treatment, treated with antiplatelets, INR <2, and
inadequate NOAC dosing. I Excluding diseased patients.

Stroke patients with atrial fibrillation (AF)

Pre-existing AF
prior to stroke onset
n=68

AF
on admission ECG
n=15

AF detected AF on 24-hour
after stroke (AFDAS) Holter monitoring
n=29 n=1

AF
on in-hospital ECG
n=13

Diceased
before discharge
n=13

A4

A4

All stroke patients
with AF on discharge
n=284

Figure 1. Flowchart of acute ischemic stroke patients with atrial fibrillation.

3.2. Antithrombotic Treatment

Out of 68 patients with pre-existing AF, 11 (16.2%) took non-vitamin K antagonist oral
anticoagulants (NOACs), 26 (36.8%) vitamin K antagonists, 8 (11.8%) antiplatelets, and
23 (33.8%) did not take any antithrombotic treatment at index stroke event (Table 2).

Out of 26 (36.8%) patients on vitamin K antagonists, only five (19.2%) had an Inter-
national Normalized Ratio (INR) within the therapeutic range on admission. Strikingly,
55 (80.9%) stroke patients with pre-existing AF at stroke onset were receiving insufficient
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anticoagulation (received no antithrombotic treatment, took antiplatelets, warfarin with
INR < 2, or had inadequate NOAC dosing). The therapeutic range for INR was considered
to be 2.0-3.0.

At discharge, 64 (76.2%) patients were prescribed oral anticoagulants—23 (27.4%)
warfarin and 41 (48.8%) NOACs. Out of the 20 remaining patients, 10 (11.9%) were given
low-molecular-weight heparins and 10 (11.9%) were prescribed treatment with antiplatelets.
In the antiplatelets group, oral anticoagulants were contraindicated for four patients due to
a high risk of bleeding, for one patient due to high stroke severity, and five (6.0%) patients
with AF had no documented contraindications (unexplained reasons).

3.3. Screening for AF

All patients received at least one 12-lead ECG, however, only five (3.4%) patients
without pre-existing AF had 24-Holter monitoring performed during the hospitalization
for the index event.

3.4. Patient Survival, Functional Outcome, and HRQoL

The Kaplan—-Meier survival curve displays the 1-year probability of survival of AIS
patients with and without AF (Figure 2). The overall all-cause case fatality was greatest in
the first 90 days after stroke (21.8%; 95% CI: 16.8-27.6%), and the 1-year cumulative risk
of death was 29.0% (95% CI: 23.3-35.2%) (Table 3). A log-rank test for a difference in time
to death among stroke patients with and without AF was significant (p < 0.001), in favor
of patients without AF. In univariate Cox regression analysis, age (p < 0.001), presence of
AF (p <0.001), baseline good functional status (p < 0.001), and baseline NIHSS (p < 0.001)
were found to be significant factors that have influence on overall stroke patient survival
(Table 4). However, in the multivariable model, only age (p = 0.007), and baseline NIHSS
(p < 0.001) contributed significantly.

1.0
0.8
B
=
® 0.6
o
Iy
©
3 044 . e
g —— Stroke without atrial fibrillation (n = 141)
o Stroke with atrial fibrillation (n = 97)
0.24
Log Rank p = 0.0004
0.0

T T T T
0 100 200 300 365
Time from stroke onset (days)

Figure 2. Kaplan-Meier survival plots and 95% confidence intervals for ischemic stroke patients with
and without atrial fibrillation.

A total of 133 out of 186 surviving patients or caregivers completed the mRS survey
at 90 days; 58.6% of respondents had an mRS score < 2 (56.3% in stroke with AF group,
60.0% in stroke without AF group, p = 0.673), and were considered to be able to look after
themselves without daily assistance (Table 3). However, AF did not have a statistically
significant influence on the favorable functional outcome (mRS 0-2) in a multivariable
binary logistic regression analysis, where the presence of reperfusion treatment (OR 3.91
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[95% CI 1.66-10.05], p = 0.003) and the baseline NIHSS score (OR 0.82 [95% CI 0.73-0.90],
p < 0.001) were the only two significant factors (Table S2).

Table 3. Case fatality, functional outcome, and health-related quality of life of stroke patients with
and without atrial fibrillation at 90 days.

All Stroke Patients  Stroke Patients with AF  Stroke Patients without AF

(n = 238) (n = 97) (n = 141) p-Value
Case fatality, 1 (%)

In-hospital case fatality 19 (8.0) 13 (13.4) 6 4.3) 0.011
90-day case fatality 52 (21.8) 31 (32.0) 21 (14.9) 0.002
1-year case fatality 69  (29.0) 40 (41.2) 29  (20.6) <0.001

Median mRS < 2 at 90 days, 1 (%) + 78  (58.6) 27 (56.3) 51  (60.0) 0.673
Missing mRS, 1 (%) 53 (28.5) 18 (27.3) 35 (29.2) 0.784

EQ-5D domain, 1 (%)
Decreased mobility 48  (36.6) 17 (36.2) 31 (36.9) 0.933

Difficulty with self-care 54 (41.2) 26 (48.9) 31 (36.9) 0.041

Problems performing usual 88 (67.7) 31 (674) 55 (65.5) 0.825
activities
Pain or discomfort 56 (43.8) 21 (45.7) 35 (42.7) 0.745
Anxious or depressed 51 (40.5) 18  (39.1) 33 (40.7) 0.935
EQ-5D score index, mean (SD) 0.61 (0.32) 0.62 (0.32) 0.58 (0.33) 0.549
Missing EQ-5D, 1 (%) 60 (32.3) 21 (31.8) 39 (325) 0.924
EQ-VAS, median (IQR) 50  (40-70) 50 (30-70) 60  (40-76.25) 0.022
Missing EQ-VAS, 1 (%) 75  (40.3) 27 (40.9) 48 (40.0) 0.904
AF—atrial fibrillation, nRS—modified Rankin Scale, EQ-5D—EuroQoL Five Dimensions, SD—standard deviation,
EQ-VAS—EuroQoL visual analog scale, IQR—interquartile range. t Out of those alive at 90 days, not lost to
follow-up (1 = 133).
Table 4. Univariate and multivariable Cox regression analysis for overall survival of stroke patients.
Univariate Multivariable +
Covariates
HR (95% CI) p-Value HR (95% CI) p-Value
Age 1.05 (1.03-1.07) <0.001 1.03  (1.01-1.06) 0.007
Gend Female 1.00 (reference)
ender Male 0.69 (0.43-1.11) 0.125
Atrial fibrillati No 1.00 (reference) 1.00 (reference)
trial fibrillation Yes 233 (1.44-3.75) <0.001 127 (0.74-2.19) 0.385
Reperfusion No 1.00 (reference)
treatment Yes 1.18  (0.73-1.90) 0.507
. No 1.00 (reference) 1.00 (reference)
Baseline mRS < 2 Yes 033 (0.19-0.59) <0.001 056 (0.30-1.05) 0.072
Baseline NIHSS 113 (1.10-1.17) <0.001 111 (1.07-1.14) <0.001

HR—hazard ratio, CI—confidence interval, mRS—modified Rankin Scale, NIHSS—National Institutes of Health
Stroke Scale. t Akaike information criterion = 550.9.

A total of 126 patients or caregivers completed the EQ-5D-3L survey and 111 AIS
patients evaluated their EQ-VAS score 90 days after the index AIS event. Stroke patients
with AF evaluated their EQ-VAS score significantly worse in comparison to those without
AF (50 [IQR: 30-70] vs. 60 [40-76.25], p = 0.022), suggesting a lower perception of the HRQoL
(Table 3). However, the EQ-5D-3L index scores did not differ significantly between groups.
Although multivariate linear regression analyses showed that AF had a significant influence
on EQ-VAS (p + SE: —11.776 £ 4.850, p = 0.017), no such influence was demonstrated
for the EQ-5D-3L index score (B & SE: —0.013 =+ 0.060, p = 0.833), when adjusted for age,
gender, presence of reperfusion treatment, baseline good functional status, and baseline
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NIHSS score (Table S3). In addition, the only statistically significant difference between the
five EQ-5D-3L domains’ values was found for difficulty with self-care, which was more
common in patients with AF (48.9% vs. 36.9, p = 0.041) (Table 3).

3.5. Stroke Patients with AFDAS

A history of stroke/TIA and congestive heart failure were significantly less common
in AIS patients with AFDAS as compared to AIS patients with pre-existing AF (10.3% vs.
324, p = 0.024, and 44.8% vs. 66.2, p = 0.050, respectively). In addition, stroke patients
with AFDAS evaluated their EQ-VAS score as significantly better in comparison to those
with pre-existing AF, even when adjusted for age, gender, cardiovascular risk factors,
reperfusion treatment, baseline functional status, and baseline NIHSS (42.5 [IQR: 22.5-57.5]
vs. 70 [50-75], p = 0.022) (Table S1).

4. Discussion

In our single-center prospective observational study, we found that 40.8% of AIS
patients had a concomitant AF—one of the largest figures in the available literature. In
addition, 80.9% of stroke patients with pre-existing AF received insufficient anticoagulation
at stroke onset. Finally, although multivariate analyses found no statistically significant
difference in one-year stroke patient survival and functional status at 90 days, when
adjusted for age, gender, reperfusion treatment, baseline functional status, and baseline
NIHSS, stroke patients with AF had a significantly worse self-perceived HRQoL, indicated
by a lower EQ-VAS score.

The prevalence of AF among AIS patients varies between countries and was found to
be as high as 31-38% in a population-based registry in Greece [31,32], and up to 48.6% in two
separate hospital-based registries in neighboring Latvia [22,24]. The high prevalence of AF
found in our investigated AIS patient population could indicate a regional trend, as other
cardiovascular risk factors are largely similar within the Baltic States [32]. This contrasts
with the fact that the regional prevalence of AF in the Eastern European general population
is lower than in Western Europe and North America [2]. Herein, a small penetration
of NOACs due to the poor reimbursement conditions could play a role, as NOACs are
reimbursed only following the warfarin failure or contraindications, and cannot be initially
prescribed by a general practitioner or a neurologist—a policy previously common in the
Central and Eastern European states [33]. This reasoning is supported in our patient cohort
by the low rate of OAC in patients with pre-existing AF before stroke onset. Although
a patient’s personal decision to deliberately discontinue OAC in asymptomatic AF or
currently normal rhythm could also play a role.

Our sample confirmed the association between AF in AIS patients and an LVO—a fact
long identified in previous literature [34]. While LVOs are present in less than one-third of
stroke cases, they contribute to around three-fifths of post-stroke dependence and death,
and more than 90% of post-stroke mortality [35]. Therefore, it is crucial to ensure adequate
AF screening in AIS patients, as prompt administration of OAC could contribute to an 8.4%
annual absolute risk reduction of stroke recurrence compared with antiplatelet therapy [36].

The 2018 American Heart Association/American Stroke Association guidelines state
that cardiac monitoring for potential arrhythmia should be performed for at least the first
24 h after a stroke [37]. Whereas the 2020 European Society of Cardiology guidelines
recommend extending cardiac monitoring to at least 72 h in patients after AIS without
pre-existing AF [38]. Finally, in patients with ischemic stroke of undetermined origin, the
use of implantable devices for long-term cardiac monitoring instead of non-implantable
devices is recommended by the recent European Stroke Organization guidelines [38,39].
However, we found that a mere 3.4% of the AIS patients without pre-existing AF underwent
24-h Holter monitoring while in hospital, suggesting that AF prevalence could be even
higher. This may be due to the poor availability of 24-h Holter devices in addition to the
lack of strict standard operational procedures, as the current national Lithuanian stroke
care guidelines do not mention extensive cardiac monitoring [40].
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There is a growing trend in utilizing new wearable devices for screening for AF or
even mitigating the risks of patients with known AF, guided by the newest consensus
document of the European Heart Rhythm Association [41]. This is especially so as previous
randomized controlled trials have demonstrated that a composite outcome of ‘ischemic
stroke/systemic thromboembolism, death, and rehospitalization” could be lower with
mobile AF application interventions compared with usual care [42]. However, more ran-
domized controlled trials are needed to prove the concept in a hospital-based AIS setting.

Although multivariate analysis found no statistically significant difference in one-year
stroke patient survival and functional status at 90 days, multiple previous studies have
shown that AF could be associated with an increased risk of death and severe disability after
AIS [4,5,43]. As the magnitude of the association is shown to be substantially diminished
after multivariable adjustment, much of the association can be explained by other factors.
Our findings are in line with other studies, showing that the most important determinants
underlying the association between AF and mortality after ischemic stroke are age and
baseline stroke severity [43]. We speculate that the small sample size precluded us from
finding a significant association, and further studies with a larger study population should
give more robust conclusions.

In our study population, patients with previously diagnosed AF were found to have a
significantly lower perception of their HRQoL—a finding reiterated from previous stud-
ies [44]. However, a significant difference was observed only in EQ-VAS, but not in
EQ-5D-3L index scores—a pattern that had been observed previously [45]. Furthermore,
stroke patients with pre-existing AF evaluated their EQ-VAS score as significantly worse in
comparison to those with AFDAS, indicating that a subgroup of patients with known AF
had the worst self-perceived quality of life at three months. This is consistent with previous
literature in which pre-existing AF has been shown to be associated with a higher disease
burden and worse clinical outcomes [25]. Nevertheless, these patterns must be interpreted
cautiously due to a small patient sample.

Our study is the first on the Lithuanian population that estimates the prevalence of
AF among a hospital-based AIS patient cohort, and investigates its impact on patients’ case
fatality, HRQoL, and long-term functional outcomes. In addition, it raises awareness about
the potential need for more stringent national guidelines for cardiac monitoring in stroke
patients, as suggested by the exceptionally low in-hospital 24-h Holter monitoring rates in
the studied population. Finally, we explore the profile of antithrombotic treatment received
by AIS patients with AF, discussing the possibility of insufficient anticoagulation, as it may
be one of the overlooked causes of stroke in this group of patients.

Our study has several limitations. Foremost, as this was a single-center study with
a rather small sample size, our findings could have limited generalizability, and some
weak statistical associations could have been missed. Furthermore, due to the small rate
of in-hospital 24-h Holter monitoring, some patients could have been misclassified as
not having AF, which could have impacted the overall differences in case fatality and
functional outcome. In addition, the use of antithrombotic medication was determined
from documentation only, and anti-factor Xa activity was not measured, amounting to
some error in OAC adherence. Fourth, the 90-day follow-up for assessing the functional
status and HRQoL was telephone-based, and in many cases, caregivers responded to the
survey, which makes it difficult to compare to studies where HRQoL is self-reported using
visual aids. Fifth, we used the EQ-5D-3L which has been validated for stroke patients [46],
but as there is no Lithuanian value set available to this date, a European value set was used.
Finally, a considerable proportion of the patients were lost to the 90-day follow-up survey
due to a short period of time when the investigators could not conduct the telephone survey
because of technical reasons. However, because there was no bias towards a certain group
of patients, we believe that this should not have affected our results.
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5. Conclusions

In our single-center prospective observational study in Lithuania, we found that
40.8% of AIS patients had a concomitant AF, were at a higher risk for an LVO, and had a
significantly poorer self-perceived HRQoL at 90 days. Despite the high AF prevalence, only
a small proportion of subjects received proper anticoagulation at stroke onset, whereas
in-hospital diagnostic tools for subclinical AF were greatly underutilized.
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AF Atrial fibrillation

AFDAS Atrial fibrillation detected after stroke
AIS Acute ischemic stroke

CI Confidence intervals

CTA Computed tomography angiography

EQ-5D-3L  EuroQoL five-dimensional three-level descriptive system
EQ-VAS EQ-5D-3L with a self-rated visual analog scale

HR Hazard ratio

HRQoL Health-related quality of life

INR International Normalized Ratio

IQR Interquartile range

LVO Large vessel occlusion

mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke Scale
NOACs non-vitamin K antagonist oral anticoagulants
OAC Oral anticoagulation

OR Odds ratio

SD Standard deviation
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Table S1. Demographic, clinical characteristics, and outcomes for stroke patients with pre-existing atrial fibrillation, and
atrial fibrillation detected after stroke (AFDAS)

Pre-existing AF AFDAS P value
before stroke onset (n=29)
(n = 68)

Female, n (%) 39 (57.4) 18 (62.1) 0.666
Mean age, years (SD) 74.6 (11.1) 78.3 (10.5) 0.122
Baseline median mRS <2, n (%) 63 (92.6) 25 (86.2) 0.444
Baseline NIHSS, median (IQR) 8.5 (5.75-16.25) 10 (6-16) 0.959
Risk factors, n (%)

Hypertension 67 (98.5) 27 (93.1) 0.212

Diabetes mellitus 23 (33.8) 6 (20.7) 0.196

Dyslipidemia 50 (73.5) 24 (82.8) 0.514

History of stroke/TIA 22 (32.4) 3(10.3) 0.024

Congestive heart failure 45 (66.2) 13 (44.8) 0.050

Coronary artery disease 38 (55.9) 14 (48.3) 0.492

Peripheral artery disease 5(7.4) 0(0.0) 0.317

Underlying malignancy 3(4.4) 1(3.4) 1
CTA performed, n (%) 50 (73.5) 17 (58.6) 0.146
Reperfusion, n (%) 27 (39.7) 11 (37.9)

Not eligible 41 (60.3) 18 (62.1) 0.870

IVT 7 (10.3) 6 (20.7) 0.169

EVT 16 (23.5) 4 (13.8) 0.412

Combined treatment 4(5.9) 1(3.4) 1
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Large vessel occlusion, n (%) 34 (68.0) 10 (58.8) 0.491

Anterior 27 (39.7) 10 (34.5) 0.230
Posterior 5(7.4) 0(0.0) 0.319
Both 2(2.9) 0 (0.0) 1
None 16 (50.0) 7 (65.5) 0.160
Case fatality, n (%)
In-hospital case fatality 9(13.2) 4 (13.8) 1
90-day case fatality 19 (27.9) 12 (41.4) 0.194
1-year case fatality 28 (41.2) 12 (41.4) 0.985
Median mRS <2 at 90 days, n (%) 17 (50.0) 10 (71.4) 0.174
Missing mRS, n (%) 15 (30.6) 3 (17.6) 0.361
EQ-5D domain, n (%) I
Decreased mobility 16 (48.5) 1(7.1) 0.008
Difficulty with self-care 19 (57.6) 4 (28.6) 0.111
Problems performing usual activities 22 (68.8) 11 (78.6) 0.496
Pain or discomfort 16 (50.0) 5(35.7) 0.371
Anxious or depressed 14 (45.2) 4 (28.6) 0.343
EQ-5D score index, median (IQR) i 0.57 (0.22-0.81) 0.75 (0.59-0.85) 0.127
Missing EQ-5D, n (%) 18 (36.7) 3 (17.6) 0.227
EQ-VAS, median (IQR) } 42.5 (22.5-57.5) 70 (50-75) 0.004
Missing EQ-VAS, n (%) 19 (38.8) 8 (47.0) 0.141

AF — atrial fibrillation, AFDAS — atrial fibrillation detected after stroke, SD — standard deviation, mRS — modified Rankin Scale, NIHSS —
National Institutes of Health Stroke Scale, IQR — interquartile range, TIA — transient ischemic attack, CTA — computed tomography angiography,
IVT — intravenous thrombolysis, EVT — endovascular treatment, EQ-5D — EuroQoL Five Dimensions, EQ-VAS — EuroQoL visual analog scale.
1 Out of those in whom CTA was performed.

1 Out of those alive at 90 days, not lost to follow-up.
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Table S2. Unadjusted and adjusted binary logistic regression analysis for good functional outcome (mRS < 2) as dependent

variable in patients with stroke

Unadjusted Adjusted t
Covariates
OR (95% CI) P value OR (95% CI) P value

Age 0.98 (0.95-1.01) 0.125
Gender Female 1.00 (reference)

Male 1.29 (0.64-2.59) 0.475
Atrial fibrillation No 1.00 (reference)

Yes 0.86 (0.42-1.76) 0.673
Reperfusion treatment No 1.00 (reference) 1.00 (reference)

Yes 1.86 (0.91-3.85) 0.091 3.91 (1.66-10.05) 0.002
Baseline NIHSS 0.87 (0.79-0.94) <0.001 0.82 (0.73-0.90) <0.001

OR - odds ratio, CI — confidence interval, mRS — modified Rankin Scale, NTHSS — National Institutes of Health Stroke Scale.

+ Akaike information criterion = 163.6
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Table S3. Multiple linear regression analyses of variables impacting EQ-VAS and EQ-5D-3L index scores

EQ-VAS score (n = 111)

EQ-5D-3L index score (n = 126)

Independent variables

Beta coefficient (SE) P value Beta coefficient (SE) P value
Age —0.055 (0.200) 0.790 0.001 (0.003) 0.955
Gender Female (reference) (reference)
Male —5.831 (4.916) 0.238 —0.027 (0.061) 0.658
Atrial fibrillation No (reference) (reference)
Yes —11.776 (4.850) 0.017 —0.013 (0.060) 0.833
Reperfusion treatment No (reference) (reference)
Yes 9.571 (4.583) 0.039 0.137 (0.058) 0.021
Baseline mRS <2 No (reference) (reference)
Yes 24.733 (10.744) 0.023 0.239 (0.131) 0.071
Baseline NIHSS —1.611 (0.496) 0.002 —0.026 (0.006) <0.001

EQ-VAS — EuroQoL visual analog scale, EQ-5D-3L — EuroQoL Five Dimensions Three Levels, SE — standard error, mRS —

modified Rankin Scale, NIHSS — National Institutes of Health Stroke Scale.
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Abstract: The impact of COVID-19 lockdown on prehospital stroke care is largely unknown. We
aimed to compare stroke care patterns before and during a state-wide lockdown. Thus, we analysed
prospective data of stroke alerts referred to our stroke centre between 1 December 2019 and 16 June
2020, and compared them between two periods—15 weeks before and 13 weeks during the state-wide
lockdown declared in Lithuania on 16 March 2020. Among 719 referrals for suspected stroke, there
was a decrease in stroke alerts (rate ratio 0.61, 95% CI (0.52-0.71)), stroke admissions (0.63, 95% CI
(0.52-0.76)), and decrease in prehospital stroke triage quality (positive predictive value 72.1% vs.
79.9%, p = 0.042) during the lockdown. The onset-to-door time was longer (153.0 vs. 120.5 min,
p = 0.049) and seizures and intracranial tumours were more common among stroke mimics (16.9% vs.
6.7%, p = 0.012 and 9.6% vs. 3.0%, p = 0.037, respectively). We conclude that there was a decline in
prehospital stroke triage quality during the lockdown despite low COVID-19 incidence in the country.
Moreover, we observed an increase in hospital arrival delays and severe conditions presenting as
stroke mimics. Our findings suggest that improved strategies are required to maintain optimal
neurological care during public health emergencies.

Keywords: COVID-19; emergency medical services; stroke; misdiagnosis; stroke mimic; triage

1. Introduction

Emergency medical services (EMS) are the first healthcare contact for most stroke
patients [1,2] and play a crucial role in identifying acute stroke [3]. Accurate recognition and
timely transport of patients with suspected stroke to comprehensive stroke centres (CSCs)
are closely correlated with acute stroke care success [2,4]. Any delay in administering
intravenous thrombolysis (IVT) and endovascular treatment (EVT) negatively impacts
patients’” functional outcomes [5].

The typical presentation of stroke consists of a sudden onset of a focal neurological
deficit. However, other disorders may also have similar clinical presentations. These false
positives, called stroke mimics, comprise from 15% to 37% of suspected stroke patients at
the Emergency Department (ED) [6,7]. The consequences of stroke mimics may result in
inappropriate usage of stroke care facilities and medical resources and increased workload
on overwhelmed ED personnel [6,8]. A decreasing number of stroke admissions observed
during the ongoing severe acute respiratory coronavirus 2 (SARS-CoV-2) outbreak causing
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the coronavirus disease 2019 (COVID-19) pandemic raised the concern of suboptimal
prehospital identification and referral of acute illnesses [9-12].

The substantial strain imposed by the pandemic on the medical systems worldwide
caused significant concern regarding the potential ramifications on acute stroke care [13,14].
Soon after identifying the first COVID-19 case in Lithuania, a strict national lockdown
was declared on 16 March 2020 [15]. Interestingly, in Lithuania, the community spread
and deaths due to COVID-19 during the first wave of the pandemic remained exemplarily
low (a total of 1775 infections and 76 deaths as of 16 June 2020) [16]. However, strict
restrictions on public life and reduced access to healthcare services, including primary
care and preventive programs [15], as well as public fear of coronavirus, might have
affected stroke care. Understanding the impact of state-wide lockdown measures on acute
stroke care is crucial to improving healthcare systems’ coordination during public health
emergencies. There are currently few studies evaluating stroke care in low COVID-19
incidence settings [17,18] and no studies addressing the impact on prehospital stroke triage.

To assess the impact of COVID-19 lockdown on prehospital stroke care and referral
patterns, we analysed data from our stroke care network. The aim of our study was (1)
to compare the accuracy of the prehospital identification of acute stroke among different
healthcare providers, (2) to assess stroke incidence and acute care timeliness metrics,
and (3) to evaluate the distribution of stroke mimics before and during the state-wide
COVID-19 lockdown. We hypothesised that lockdown measures would be associated with
decreased stroke triage quality, increased delays in stroke care, and changes in the pattern
of conditions mimicking stroke.

2. Methods
2.1. Study Design

A single-centre prospective observational study was carried out on prehospital stroke
triage quality between 1 December 2019 and 16 June 2020, at Vilnius University Hospital
(VUH)—one of the two comprehensive stroke centres in Eastern Lithuania with a catchment
population of 945,000 inhabitants. The collected data were compared among two equal
periods—15 weeks before and 13 weeks during a state-wide lockdown declared on 16

March 2020 (Figure 1
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Figure 1. COVID-19 public concern and study timeline. Timeline of data collection periods overlapped with normalised
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COVID-19 daily incidence as reported by the Lithuanian National Public Health Center. COVID-19, coronavirus disease
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The study was approved by a regional bioethics committee and complies with STROBE
guidelines for observational research [19].

2.2. Study Population

All patients referred to the VUH Emergency Department either by EMS or an out-
patient physician with a prehospital diagnosis of suspected stroke or transient ischaemic
attack (TIA) were included. A specialist neurologist in the ED ascertained stroke cases.
Study flowchart of patients included in the study can be seen in Figure 2.

Throughout Lithuania, emergency medical care is provided free of charge 24/7 to
everyone, regardless of health insurance status. EMS staff includes a certified medical
specialist—a nurse or a paramedic—who decides whether a patient needs to be taken to a
CSC. Face Arm Speech Test (FAST) is uniformly used for the identification of a suspected
stroke/TIA [3]. Alternatively, any primary care or specialist physician can refer a patient
directly to the ED, in case of suspected stroke.

2.3. Data Collection

Demographic and clinical characteristics such as age, sex, stroke type, National In-
stitutes of Health Stroke Scale (NIHSS) scores at admission and discharge, number and
type of stroke mimics, reperfusion therapy, and acute stroke care timeliness metrics were
collected for all stroke alerts. The NIHSS score was documented only for patients who were
considered for reperfusion therapy. We compared the variables and positive predictive
value (PPV) for the correct stroke identification among the EMS and referring physicians
before and during the state-wide lockdown.

Public concern for COVID-19 was evaluated based on the relative Lithuanian Google
search interest of the five most common COVID-19-related terms—"corona”, “korona”, “ko-
ronavirusas”, “coronavirus”, and “COVID”, publicly available through Google Trends [20].
Google Trends has emerged as a useful tool to measure public concern of SARS-CoV-2
infection in the population [21]. Search query data was collected from Google Trends and
was normalised to reflect the interest, expressed by 100 as high interest and lack of interest
or insufficient data as 0. Lithuanian National Public Health Center data on daily COVID-
19 cases and patient mortality were used to illustrate the magnitude of the COVID-19
pandemic in Lithuania [16].

2.4. Statistical Analysis

A Student’s t-test and Mann-Whitney U test was used to compare quantitative vari-
ables, as appropriate. For categorical variables, the Chi-square test and Fisher’s exact test
were used, as appropriate. Individuals were further categorised into groups by referral
type (EMS and referring physician) and periods (before and during the lockdown). At
first, we evaluated the stroke presentation rates during different periods and different
providers. We then used Poisson regression models with the daily counts of stroke alerts
and stroke admissions as dependent variables and the study period as an independent
variable. Second, we evaluated the stroke care metrics and the distribution of stroke mimics
between different healthcare providers and periods. To assess the stroke triage quality, we
calculated the positive predictive value (PPV) of acute stroke identification for each group
with 95% confidence intervals (CI) and compared them before and during the lockdown.
p < 0.05 (two-sided) was considered to be statistically significant. IBM SPSS Statistics 23.0
software (Armonk, NY, USA: IBM Corp) was used for statistical analyses.

3. Results
3.1. Demographic and Clinical Characteristics

In total, 719 patients with suspected stroke were included in our analysis: 493 referred
by EMS and 226 by outpatient physicians (Figure 2). Patients did not differ significantly
in sex and age, regardless of being referred by EMS or a physician (Table 1). None of the
patients were diagnosed with COVID-19.
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Before lockdown During lockdown
1 December 2019 - 15 March 2020 16 March 2020 - 16 June 2020

All patients examined
by a neurologist in the ED
during the study period
n=2831
No stroke suspicion: No stroke suspicion:
True negative True negative
n=1201 n =690

All patients
n=1811

All patients
n=1020

v

A 4

Suspected stroke Patients with suspected stroke Suspected stroke
n=478 n=733 n=255

Self-referred strokes Self-referred strokes
n=10 i n=4

A 4

Final before lockdown Final study population Final during lockdown
n =468 n=719 n=251

I I
1 1 1 1

Y Y Y Y

True strokes Stroke mimics True strokes Stroke mimics
n=304 n=164 n=168 n=83
(231 referred by EMS, (58 referred by EMS, (147 referred by EMS, (57 referred by EMS,
73 by a physician) 106 by a physician) 21 by a physician) 26 by a physician)

Figure 2. Flowchart of study population: patients examined by a neurologist in the Emergency Department (ED) of
Vilnius University Hospital between 1 December 2019 and 16 June 2020. ED, emergency department; EMS, emergency
medical services.

We observed significantly more daily stroke alerts and confirmed strokes in the EMS
group compared to the outpatient physicians’ group (2 [1-4] and 2 [1-2] vs. 1 [0-2] and
0 [0-1], respectively, p < 0.001). There were significantly fewer stroke mimics in the EMS
group (23.3% vs. 58.4%, p < 0.001).

The median onset-to-door (OTD) time was twice as short in patients referred by EMS
(116 min vs. 245, p < 0.001), however, the door-to-needle (DTN) time and the door-to-groin
(DTG) time did not differ significantly between the groups. The baseline and discharge
NIHSS scores also did not differ significantly, but there was a tendency for lower baseline
NIHSS in the physicians’ group (8 (4-15) vs. 6.5 (3-12), p = 0.175).

There were more patients with ischaemic stroke eligible for reperfusion therapy in the
group referred by EMS (31.5% vs. 9.2%, p < 0.001). This significance was driven by a higher
proportion of patients eligible for IVT (15.3% vs. 1.3%, p < 0.001). However, the eligibility
for EVT (10.9% vs. 6.6%, p = 0.395) or combined treatment (5.3% vs. 1.3%, p = 0.217) did
not differ significantly between the groups.
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3.2. Lockdown Data

There were no significant differences in age, sex, the proportion of stroke mimics,
percentage of patients eligible for reperfusion therapy, median baseline and discharge
NIHSS scores, median DTN or DTG time between patients admitted in the period before
and during the lockdown. However, we found fewer patients with TIA (2.4% vs. 5.8%,
p = 0.039), and longer median OTD time in patients admitted during the lockdown (153.0
vs. 120.5 min, p = 0.049). We also observed a decrease in the median daily volume of stroke
alerts (3 [1-4] vs. 4 [3-6], p < 0.001) and confirmed strokes (2 [1-2] vs. 3 [2-4], p < 0.001)
during the lockdown. Strikingly, during the lockdown, there was a threefold decrease in
stroke referrals by outpatient physicians. However, the prevalence of confirmed strokes
in the ED during the period before and during the state-wide lockdown remained stable
(24.6% vs. 24.2%, p = 0.807) (Figure 2).

Poisson regression revealed that the lockdown period was associated with a reduction
in daily stroke alerts with a rate ratio of 0.61 (95% CI 0.52-0.71, p < 0.001) and stroke
admissions by 0.63 (95% CI 0.52-0.76, p < 0.001).

3.3. Prehospital Stroke Triage Quality

The positive predictive value (PPV) for identifying patients with acute stroke or TIA
by EMS was significantly lower during the lockdown than the period before (72.1% vs.
79.9%, p = 0.042). However, the PPV did not change in the outpatient physicians’ group
(44.7% vs. 40.8%, p = 0.629). The overall PPV for acute strokes was significantly higher in
the EMS group than the outpatient physicians’ group (76.7% vs. 41.6%, p < 0.001) (Table 2).

Table 2. Positive predictive values (PPV) for the identification of patients with acute stroke by the
Emergency Medical Services (EMS) and referring physicians.

Total PPV PPV before Lockdown PPV during Lockdown

(95% CI) 95% CI) (95% CI) p-Value
Referred by
76.7% (72.9-80.4) 79.9% (75.3-84.5) 72.1% (65.9-78.2)
EMS (n =493) (n =289) (n=204) 0.042
- 41.6% (35.2-48.0) 40.8% (33.6-48.0) 44.7% (30.5-58.9)
Physician (1 = 226) (n=179) (n = 47) 0.629
p-value <0.001 <0.001 <0.001

CI, confidence interval.

3.4. Public Concern for COVID-19

As reflected by the relative Lithuanian Google search interest of the COVID-19-related
terms, the coronavirus concern increased just before the national-level emergency was
declared in Lithuania on 26 February 2020 and peaked at the start of the state-wide
lockdown on 16 March 2020 (Figure 1). At that point, only 12 patients were diagnosed
with COVID-19 overall in the country, and none had died from the disease [16]. In general,
throughout the study period, the incidence and mortality of COVID-19 in Lithuania
remained one of the lowest in Europe: 63.8 vs. 264.7/100,000 cumulative cases and 2.7
vs. 29.7/100,000 cumulative deaths by 16 June 2020 in Lithuania vs. the European Union,
respectively [22].

3.5. Stroke Mimics

Seizures and infection/sepsis were significantly more common stroke mimics among
those referred by EMS compared to the physicians (16.5% vs. 4.5% and 13.9% vs. 4.5%,
p =0.002 and p = 0.010, respectively), whereas peripheral vestibulopathies were signifi-
cantly less common (0.9% vs. 18.0%, p < 0.001).

When comparing the two periods, isolated neurological symptoms associated with
normal neurological work-up results were less frequent stroke mimics during the lockdown
(2.4% vs. 11.6%, p = 0.015), whereas seizures and intracranial tumours were significantly
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more frequent (16.9% vs. 6.7% and 9.6% vs. 3.0%, p = 0.012 and p = 0.037, respectively)
(Table 3).

Table 3. Most common stroke mimics.

Stroke Mimic, 1 (%)

Seizure
Peripheral vestibulopathy
Hypertensive encephalopathy
Infection/Sepsis
Toxic/Metabolic disorder +
Sequels of previous stroke
Intracranial tumour
Psychiatric condition }
Migraine and headache
Cardiovascular condition §
Syncope and presyncope
Facial nerve palsy
Musculoskeletal condition
Subdural haematoma
Peripheral neuropathy
Isolated symptoms associated
with normal results q
Other neurological disease | |
Other non—neurological
disease #

All Referred by Referred before during
Mimics EMS by A Physician  p-Value Lockdown Lockdown p-Value
(n=247) (n=115) (n=132) (n=164) (n =83)
25 (101) 19 (165) 6 (4.5) 0.002 11 6.7) 14 (16.9) 0.012
25 (10.1) 1 0.9) 24 (18.0) <0.001 21 (12.8) 4 (4.8) 0.072
23 9.3) 11 9.6) 12 (9.1) 0.898 17 (10.4) 6 (7.2) 0.423
22 (8.9) 16 (13.9) 6 (4.5) 0.010 13 (7.9) 9 (10.8) 0.447
18 (7.3) 9 (7.8) 9 (6.8) 0.761 9 (5.5) 9 (10.8) 0.126
16 (6.5) 5 (4.3) 11 (8.3) 0.300 1 6.7) 5 (6.0) 1.000
13 (5.3) 9 (7.8) 4 (3.0) 0.151 5 (3.0) 8 9.6) 0.037
13 (53) 7 (6.1) 6 (4.5) 0.588 1 6.7) 2 (2.4) 0.153
10 (4.0) 4 (3.5) 6 (4.5) 0.755 8 (4.9) 2 (2.4) 0.502
10 (4.0) 4 (3.5) 6 (4.5) 0.755 6 (3.7) 4 (4.8) 0.736
8 (3.2) 2 1.7) 6 (4.5) 0.291 7 (4.3) 1 (1.2) 0.273
5 (2.0) 3 (2.6) 2 (1.5) 0.666 2 (1.2) 3 (3.6) 0.338
5 (2.0) 2 1.7) 3 (2.3) 1.000 3 (1.8) 2 (2.4) 1.000
4 (1.6) 3 (2.6) 1 (0.8) 0.341 4 (2.4) 0 0.304
4 (1.6) 1 0.9 3 (2.3) 0.626 3 (1.8) 1 (1.2) 1.000
21 (8.5) 6 (5.2) 15 (11.4) 0.084 19 (11.6) 2 (2.4) 0.015
20 8.1) 10 8.7) 10 (7.6) 0.748 12 (7.3) 8 9.6) 0.528
5 (2.0) 3 (2.6) 2 (1.5) 0.666 2 (1.2) 3 (3.6) 0.338

EMS, Emergency Medical Services; CNS, central nervous system. t Includes electrolyte imbalances (1 = 14), hypo- and hyperglycaemia
(n = 2), hepatic encephalopathy (1 = 1), and alcohol intoxication (n = 1). { Panic attacks and anxiety (1 = 8), as well as delirium (1 = 5)).
§ Cardiac insufficiency (n = 4), cardiac arrhythmia (n = 2), acute myocardial infarction (n = 2), and pulmonary embolism (n = 2).
] Neurological symptoms that could not be classified into any other category since they did not meet any other set of diagnostic criteria or
which have no organic explanation but are not clearly associated with a psychiatric disorder. | | Includes multiple sclerosis and other
demyelinating diseases (1 = 5), dementia (1 = 4), transient global amnesia (1 = 4), myelopathy (1 = 2), CNS infection (1 = 2), venous sinus
thrombosis (1 = 1), Parkinson’s disease (1 = 1), and myasthenia (1 = 1). # Includes advanced cancer (1 = 2), anemia (n = 2), and herpes

zoster (n = 1).

4. Discussion

In this prospective study in an academic stroke centre with a large urban catchment
population, we found a significant decrease in prehospital stroke triage quality and longer
delays from symptom onset to hospital arrival during a state-wide COVID-19 lockdown.
We also found a decreased number of stroke alerts and stroke admissions during the
lockdown. In addition, serious neurological conditions, such as seizures and intracranial
tumours, were encountered more often as stroke mimics. Our findings provide novel
knowledge on the impact of the state-wide lockdown on prehospital stroke care in low
COVID-19 incidence settings and help guide care delivery strategies during public health
emergencies.

Although in our study, the overall 76.7% stroke identification accuracy by EMS was
on the higher end compared to 64-78% reported in previous studies [3,23,24], we found
that the PPV for acute stroke decreased during the lockdown in the EMS group. Although
Lithuania has not experienced a significant surge of COVID-19 during the lockdown,
we observed a significant increase in COVID-19 concern in the public, as indicated by
Google Trends data on COVID-19 related searches. We speculate that the latter might have
influenced prehospital stroke care and the decreased stroke triage quality could have in
part resulted from the fear of COVID-19 exposure and EMS staff’s hesitation to perform a
thorough neurological evaluation rather than relocation of healthcare resources. Besides,
the PPV could have decreased due to the barriers from personal protective equipment, such
as performing language evaluation with a surgical mask or a respirator [25]. On the other
hand, all routine medical activities and surgeries during the state-wide lockdown were
halted, resulting in a deterioration of preexisting neurological conditions [15]. Suboptimal
routine care was reflected by a sharp decline in outpatient physician referrals of suspected
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stroke and an overall increase in the proportion of seizures and intracranial tumours
mimicking stroke. Despite a significant decrease in the absolute numbers of daily stroke
alerts and confirmed strokes during the lockdown, the prevalence of confirmed strokes in
the ED did not differ between the periods, suggesting an effective reduction in PPV.

Decreased stroke triage quality has clinical implications during a public health crisis.
More patients without the need for urgent time-sensitive care are delivered to the ED
as stroke alerts, thus, increasing the workload on the ED personnel. Secondly, patients
and personnel may be increasingly exposed to the risk of SARS-CoV-2 infection. Finally,
continuous medical education is crucial even during a pandemic. Remote stroke care
training and electronic learning modules can help ensure maintenance and adaptability of
prehospital stroke care during public health emergencies [26].

In addition, the PPV for confirmed stroke was significantly higher among patients
referred by the EMS rather than those referred by physicians. In contrast, a meta-analysis
composed of 23 studies and 8839 patients found that the proportion of confirmed strokes
was higher among the primary care (72%, 95% CI 58-86) than the ambulance referrals
(55%, 95% CI 1-108) [27]. Nonetheless, the wide confidence intervals suggest that the
proportion of correctly identified stroke cases vary greatly between different healthcare
systems. For example, two studies in neighbouring Poland, a country with a similar
primary care system, showed a resembling PPV and stroke mimic pattern [7,28]. One
reason behind the difference in PPV between EMS and outpatient physicians could be a
striking number of peripheral vestibulopathies being referred to the ED as stroke mimics
by the outpatient physicians (18.0% vs. 0.9% of all stroke mimics, p < 0.001). In line with
our findings, a previous study confirmed that peripheral vertigo is largely misdiagnosed
in the primary care setting [29]. On the other hand, the lower diagnostic accuracy of stroke
could pinpoint the lack of neurology training in the primary care and the ED serving as a
pathway for a patient to receive an urgent neurology consultation. Finally, FAST screening
is mandatory for EMS personnel to evaluate stroke alerts in Lithuania [3,30]. In contrast,
outpatient physicians refer patients based on clinical suspicion of stroke, which carries a
greater risk of false positives.

Second, we found a significantly increased delay from stroke symptom onset to
hospital arrival during the lockdown. In contrast, ED stroke care delivery timeliness, such
as DTN and DTG times, did not differ before and during the lockdown. Studies in Spain,
one of the most heavily stricken countries by COVID-19, found a delay in prehospital and
DTN times [10,31]. These findings partially differ from the analyses of major stroke care
networks in the United States. Two studies found decreased stroke/TIA admission rates
but no change in prehospital and ED stroke care delivery timeliness [12,32]. Similar to our
study, a survey of stroke centres in China showed a 45% reduction in TIA and 32% in stroke
admissions in mild epidemic regions, as well as overall increased delays to acute stroke
care [33]. Although the reasons for increased onset-to-door delays are unclear, fear of virus
exposure in the ambulance or at the hospital and absence of bystanders to initiate the stroke
alarm during social distancing mandate might have delayed initiation of the EMS call [34].
Also, the need to perform additional respiratory screening and use of personal protective
equipment could increase prehospital delays. Another possibility could be the saturation
of ambulance services or stroke alerts referred to other hospitals before being transferred
to a stroke centre [10].

In line with other reports from China, Europe, Taiwan, and the United States, we also
found a significant decrease in stroke alerts and stroke admissions [9,11,12,17,18,31,32].
Our findings provide additional knowledge on the effects of lockdown measures on stroke
care patterns in a low-incidence low-mortality COVID-19 outbreak setting. Similarly,
another study of admission rates at three tertiary university hospitals in Greece, where
COVID-19 penetration was also low, showed a remarkable decrease in stroke and acute
coronary artery syndrome patients [17]. We also found a decreased number of TIAs
during the lockdown. Thus, the reduced number of stroke/TIA consultations might be
attributable to the reluctance to seek medical attention in the presence of mild or transient
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neurological symptoms. Even though our study did not find a significant change in
presenting stroke severity, we might have been underpowered due to missing NIHSS in
patients not considered for reperfusion.

Thirdly, we found that seizures and intracranial tumours presented more often as
stroke mimics during the lockdown. A recent study from our institution showed that
worse seizure control and health status in people with epilepsy were observed during
the state-wide lockdown [35]. Similarly, a study from the United Kingdom reported that
delays in cancer diagnosis and care are projected to result in more than 3200 avoidable
cancer deaths in the following five years [36]. Altogether, these findings underscore the
importance of interventions to optimise specialised care and avoid diagnostic backlog to
mitigate the impact of the COVID-19 pandemic.

From the public health perspective, our study had a unique opportunity to evaluate
the impact of lockdown measures on stroke care independently of the COVID-19 surge.
Due to early and efficient lockdown in Lithuania, the incidence and mortality of COVID-19
during the study period remained one of the lowest in Europe [22]. Second, to limit the
potential spread of SARS-CoV-2 infection, the Lithuanian government implemented a
strict state-wide lockdown, severely restricting social life and access to routine healthcare
services [15]. Therefore, we could successfully examine the impact of lockdown measures
on stroke care not confounded by the COVID-19 surge effect on the healthcare system.
Our findings suggest that the state-wide lockdown measures could have had unwanted
collateral consequences on prehospital stroke care.

Our study’s strengths include a prospective design and being the first report on the
impact of state-wide lockdown on prehospital stroke triage quality and stroke mimics
distribution. In addition, a large representative population of an urban academic centre
covering one-third of the entire country allows for the generalisability of our findings to
similar healthcare systems.

Our study includes some limitations. Foremost, since this was a single-centre study,
we cannot account for referral pattern changes in other stroke centres in the country.
However, the confounding should not have been significant as all centres functioned in the
same low-incidence, low-mortality COVID-19 setting. Another limitation was the absence
of data on medium and long-term functional outcomes. Even though the discharge NIHSS
scores did not differ before and during the lockdown, we could not evaluate if longer
delays to ED presentation might have resulted in poorer long term functional outcome.
In addition, we did not fully account for the natural seasonal changes in the incidence
of stroke. However, in 2018-2019 more strokes were admitted to our CSC during the
spring rather than winter months, suggesting an actual decrease of stroke admission in our
study rather than a seasonal fluctuation. Finally, our findings have limited generalisability
to high-incidence COVID-19 situations, regions with different stroke care protocols, and
varying social and healthcare responses to the COVID-19 pandemic.

5. Conclusions

In this prospective analysis of prehospital stroke care in a large academic stroke centre,
we found a decreased incidence of stroke alerts and stroke/TIA admissions, as well as
a drop in prehospital stroke triage quality during the state-wide COVID-19 lockdown.
Furthermore, we observed an increase in hospital arrival delays and the proportion of
severe conditions presenting as stroke mimics. Our findings suggest that public concern for
SARS-CoV-2 infection and the state-wide lockdown negatively affected prehospital stroke
care independently of the COVID-19 surge. These data are essential for policymakers to
drive change in stay-at-home messaging, emphasising the importance of rapid transport to
the hospital for acute conditions and improving access to neurological care during public
health emergencies. Future studies should evaluate the impact of COVID-19 lockdown on
functional stroke outcomes and stroke referral patterns at a national level.
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Abstract: (1) Background: Acute ischemic stroke (AIS) is a possible complication of the coronavirus
disease 2019 (COVID-19). Safety and efficacy data on reperfusion therapies (RT)—intravenous
thrombolysis and endovascular treatment (EVT)—in stroke patients with COVID-19 is lacking.
(2) Methods: We performed a retrospective nationwide multi-center pair-matched analysis of COVID-
19 patients with AIS who underwent RT. We included adult COVID-19 patients with AIS who were
treated with RT between 16 March 2020 and 30 June 2021. All subjects were paired with non-infected
controls, matched for age, sex, stroke arterial vascular territory, and RT modality. The primary
outcome measure was a favorable functional outcome defined by the modified Rankin scale (mRS
0-2). (3) Results: Thirty-one subjects and thirty-one matched controls were included. The median
baseline National Institutes of Health Stroke Scale (NIHSS) score was higher in the COVID-19 group
(16 vs. 12, p = 0.028). Rates of ischemic changes and symptomatic intracerebral hemorrhages did not
differ significantly between the two groups at 24 h after RT. The median NIHSS 24 h after reperfusion
remained significantly higher in the COVID-19 group (16 vs. 5, p = 0.003). MRS 0-2 at discharge
was significantly less common in COVID-19 patients (22.6% vs. 51.8%, p = 0.018). Three-month
mortality was 54.8% in the COVID-19 group versus 12.9% in controls (p = 0.001). (4) Conclusion:
Reperfusion therapies on AIS in COVID-19 patients appear to be safe; however, functional outcomes
are significantly worse, and 3-month mortality is higher.

Keywords: COVID-19; ischemic stroke; thrombolysis; thrombectomy; Lithuania; reperfusion therapies;
outcomes; safety

1. Introduction

In December 2019, a cluster of patients with pneumonia caused by a novel severe
acute respiratory coronavirus 2 (SARS-CoV-2) was first described in Wuhan, China [1].
Due to the vast spread of the virus across the globe, a pandemic was declared in March
2020. Ever since, a growing number of publications regarding extrapulmonary manifes-
tations of coronavirus disease (COVID-19) arose. Neurologic manifestations of both the
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central and the peripheral nervous system described included COVID-19 encephalitis,
acute disseminated encephalomyelitis, epileptic seizures, neuromuscular symptoms, acute
demyelinating polyneuropathies, and their variants, as well as acute cerebrovascular syn-
dromes [2-8]. It has been postulated that COVID-19 patients are at an increased risk for
stroke, although the true causality is yet uncertain [9].

The first COVID-19 case in Lithuania was confirmed in late February 2020, followed
shortly by the introduction of a strict nationwide lockdown. Despite thousands of daily
new confirmed cases and the need for allocation of specific healthcare resources, emergency
stroke services were operating in all major stroke centers across the country throughout the
pandemic at full capacity [10,11]. Both intravenous thrombolysis (IVT) and endovascular
treatment (EVT) were used continuously for acute ischemic stroke (AIS) in COVID-19
patients. However, data on the safety of reperfusion therapies (RT) in the COVID-19 popu-
lation is scarce, and potential adverse effects of RTs could be life-threatening. Therefore, we
sought to evaluate the safety and outcomes of reperfusion therapies in COVID-19 patients
with AIS in a nationwide pair-matched retrospective study.

2. Materials and Methods

We conducted a multi-center retrospective pair-matched analysis of reperfusion ther-
apy in COVID-19 patients with AIS across all six comprehensive stroke centers (CSCs) in
Lithuania [12].

Data collection. The data were extracted retrospectively from electronic health records.
We collected demographic data (age, gender), cardiovascular risk factors (hypertension, dys-
lipidemia, smoking, diabetes, atrial fibrillation, presence of symptomatic internal carotid
artery (ICA) >70% or intracranial artery stenosis > 70% on computed tomography an-
giography), clinical (hypoxemia, body temperature, blood pressure on admission) and
laboratory test data (white blood cell (WBC) and lymphocyte count, C reactive protein
(CRP) and D-dimer levels on admission), head computed tomography (CT) findings (Al-
berta Stroke Programme Early CT Score (ASPECTS) on admission, ischemic changes on CT
scan 24 h after RT), median timeliness metrics (onset-to-door (OTD), door-to-needle (DTN)
and door-to-puncture (DTP) times), National Institute of Health Stroke Scale (NIHSS) on
admission, at 24 h after reperfusion therapy, and on day 7 after stroke or at discharge
(whichever occurred first) and reperfusion therapy data (treatment modality, Thrombolysis
in Cerebral Infarction (TICI) score). Neurologic (symptomatic intracerebral hemorrhage
(sICH), cerebral edema), COVID-19-related, and other complications (urinary tract infec-
tion, pulmonary embolism, myocardial infarction, acute heart failure, pulmonary edema,
other organ dysfunction, or major bleeding) were collected. Patient functional outcomes
corresponding to modified Rankin Scale (mRS) score at discharge, as well as in-hospital
and 3-month mortality rates, were retrieved.

Patient selection. We included adult (18 years old or older) AIS patients with diag-
nosed acute COVID-19 infection prior to or on admission to a CSC, treated with reperfusion
therapy (IVT, EVT, or both) between 16 March 2020 and 30 June 2021. Our patients had
not received full vaccination doses. COVID-19 status was confirmed by a nasopharyngeal
swab SARS-CoV-2 real-time polymerase chain reaction (RT-PCR). Patients who recovered
from COVID-19 according to the epidemiological criteria at the time of index AIS were
excluded from the analysis despite having a positive SARS-CoV2 RT-PCR test result.

Control group. Each patient from the subject group was weighted against a control.
All control patients were treated in one of the 6 Lithuanian CSCs during the study period
and were not concomitant with a COVID-19 infection. In addition, control subjects were
matched for age (£5 years), gender, stroke arterial vascular territory, and type of reperfusion
therapy (IVT, EVT, or both). To avoid selection bias, cases for this group were collected by
independent stroke physicians, who were not part of this study, and were only informed
about matching criteria.

Outcomes. The primary outcome measure was a favorable functional outcome, de-
fined as the mRS score of 0-2 on the day of discharge.
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Secondary outcome measures included: early neurological improvement, defined as
reduction of NIHSS score by 4 points or more or score 0-1 at 24 h after reperfusion therapy;
change in NIHSS score 24 h after reperfusion therapy; change in NIHSS score 7 days after
stroke onset or on discharge (whichever occurred first); neurological complications of
reperfusion therapy: sSICH was classified using the Safe Implementation of Thrombolysis
in Stroke-Monitoring Study (SITS-MOST) classification (parenchymal hemorrhage type 2,
22-36 h after treatment leading to neurologic deterioration 4 points or more on NIHSS from
baseline or lowest NIHSS or leading to death as previously reported) [13], and cerebral
edema; in-hospital mortality rate; mortality rate 3 months after stroke.

To investigate the effects of clinical and laboratory factors (evaluated on admission)
on the likelihood of favorable functional outcome (mRS 0-2) on the day of discharge and of
3-month mortality after stroke and reperfusion therapies, multivariate logistic regression
models were built.

Statistical analysis. Statistical analysis was performed using the IBM SPSS Statistics
for Windows, Version 26 (IBM SPSS Statistics for Windows, IBM Corporation, Armonk, NY,
USA). The Kolmogorov-Smirnov test was used to verify the normality of the distribution of
continuous variables. The qualitative variables were expressed as absolute frequencies and
percentages. For continuous data, the mean and standard deviation (SD) or median and
interquartile range (IQR) were reported, as appropriate. The Student’s f test (for normally
distributed data) or the Mann-Whitney U test (for not normally distributed data) was used
for the continuous variables and the Chi-square test for the categorical variables. p < 0.05
was considered to be statistically significant. The significant predictors (using a significance
level of <0.1) in the univariate analysis were included in the multivariate analysis, and the
entered method was applied for the logistic regression model to determine the predictors
for a favorable functional outcome (mRS 0-2) on discharge and 3-month mortality after
stroke. The odds ratio (OR) and 95% confidence interval (95% CI) were calculated.

3. Results
3.1. Demographic, Clinical, and Stroke-Related Data

Thirty-one pairs of subjects and matched controls were included in the study. The
mean age was 74.0 years in COVID-19-positive AIS patients and 73.7 years in controls.
Forty females (64.5%) comprised the entire cohort. Prevalence of stroke risk factors did
not differ statistically significantly between the two groups. Fourteen (22.5%) patients
underwent IVT, thirty (48.4%) patients were treated with EVT, and eighteen (29.1%) patients
received bridging therapy. Fifty-six (90.3%) patients in the entire cohort were diagnosed
with anterior circulation stroke. The detailed demographic data and stroke risk factors are
displayed in Table 1.

The median NIHSS score on admission was significantly higher in the COVID-19
patient group compared to controls (16 [10-19] vs. 12.5 (5-15), p = 0.028). The timeliness
metrics (OTD, DTN, and DTP times) did not differ significantly between the two groups.
Albeit not significant, the OTD time was longer for COVID-19 patients as compared to
controls (126 (83-218) vs. 95 (66-205) minutes, respectively). The ASPECTS score on
admission also did not differ significantly.

As expected, the baseline body temperature was statistically significantly higher in
COVID-19 patients compared to controls (p = 0.025), while the rate of hypoxemia and
arterial blood pressure on admission did not differ significantly (Table 2). A significantly
lower lymphocyte count (p = 0.013) and higher CRP values (p < 0.001) were observed in the
COVID-19 group compared to controls, while total WBC count and D-dimer concentration
on admission did not differ.
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Table 1. Patient demographic data and stroke characteristics.

Stroke Patients with Control Group

COVID-19 without COVID-19 p Value
(n=31) (n=31)

Female, 11 (%) 20 (64.5) 20 (64.5) 1.000
Mean Age, Years (SD) 74.0 (12.9) 73.7 (12.3) 0.912
Cardiovascular Risk Factors, 1 (%)
Hypertension 29 (93.5) 26 (83.9) 0.425
Dyslipidemia 15 (48.4) 23 (74.2) 0.067
Smoking 5(16.1) 2(6.5) 0.229
Diabetes 6(19.4) 2 (6.5) 0.255
Atrial Fibrillation 12 (38.7) 19 (61.3) 0.075
Symptomatic ICA Stenosis 6(19.4) 2(6.5) 0.255
Intracranial Artery Stenosis 3(9.7) 5(16.1) 0.707
Circulation of Stroke, 1 (%)
Anterior Circulation 28(90.3) 28 (90.3) 1.000
Posterior Circulation 3(9.7) 3(9.7) 1.000
Reperfusion Treatment, 1 (%)
VT 7 (22.5) 7 (22.5) 1.000
EVT 15 (48.4) 15 (48.4) 1.000
Bridging Therapy 9(29.1) 9(29.1) 1.000
Median Timeliness Metrics, min (IQR)
Onset-To-Door Time 126 (83-218) 95 (66-205) 0.294
IVT 94 (81-137) 80 (55-105)
EVT 245 (121-720) 154.5 (67.75-198.75)
Bridging Therapy 101 (65-130.5) 84 (67.75-220)
Door-To-Needle Time 40.5 (26-72.5) 36 (27-46) 0.626
Door-To-Puncture Time 101 (80.75-162.5) 116.5 (75.5-138.75) 1
Baseline NIHSS, Median (IQR) 16 (10-19) 12.5 (5-15) 0.028
ASPECTS, Median (IQR) § 9 (7.75-10) 10 (8-10) 0.229

SD—standard deviation, ICA—internal carotid artery, IV—Intravenous thrombolysis, EVT—endovascular treat-
ment, mRS—modified Rankin Scale, IQR—interquartile range, NTHSS—National Institutes of Health Stroke Scale,
ASPECTS—Alberta Stroke Programme Early CT Score. § Sample size differs for both subjects (1 = 30), and control
group (n = 27) due to missing data. Bold values denote statistical significance at the p < 0.05 level.

Table 2. Baseline clinical and laboratory data.

Stroke Patients with Control Group
COVID-19 without COVID-19 p Value
(n=31) (n =31)

Clinical Data
Hypoxemia, 1 (%) * 5(16.1) 3(9.7) 0.712

Median Body Temperature, °C (IQR) 36.6 (36.4-36.8) 36.5 (36.1-36.6) 0.025
Mean Systolic Blood Pressure, mmHg (SD) 159 (28.6) 168 (28.6) 0.214
Mean Diastolic Blood Pressure, mmHg (SD) 86 (21.8) 90 (14.9) 0.350
Laboratory Data

Mean Total WBC Count, x10°/L (SD) 8.8 (5.4) 8.7 (2.6) 0.473
Mean Lymphocyte Count, x10°/L (SD) 1.5(0.7) 21(14) 0.013
Mean CRP, mg/L (SD) 44.3 (63.8) 5.3 (6.4) <0.001
CRP >5mg/L, n (%) 23 (74.2) 8(25.8) <0.001
Median D-Dimer, nug/L (IQR) 675 (78-4898) 1048 (479-2065) 0.979

IQR—interquartile range, SD—standard deviation, WBC—white blood cells, CRP—C-reactive protein. t Defined
as SpO2 < 93%. Bold values denote statistical significance at the p < 0.05 level.

3.2. Primary and Secondary Outcomes

Only 22.6% of COVID-19 patients with AIS in the subject cohort achieved favorable
functional outcomes (mRS 0-2) on discharge as compared to 51.6% in the control group
(p = 0.018) (Table 3).
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Table 3. Patient treatment outcomes and complications.
Stroke Patients with Control Group
COVID-19 without COVID-19 p Value
(n=31) (n=31)

TICI Score, 1 (%) 0.190
2b/3 19 (79.2) 21(95.5)
0/1/2a 5(20.8) 1(4.5)
Ischemic Changes on CT Scan 24 h
After RT, 1 (%) 24 (77.4) 21 (67.7) 0.393
Stroke Severity, NIHSS, Median (IQR)
24 h After Reperfusion Therapy 16 (5-24) 5(2-13) 0.003
24 h Change From Baseline 0(—3-3) —2(—7.25-0) 0.029
Day 7 or Discharge ¥ 15 (5-21) 4 (1-10) <0.001
Overall Change From Baseline —1(-6-2) —4(-9-1) 0.022
Early Neurological Improvement, n (%) § 6(19.4) 12 (38.7) 0.077
Functional Outcome at Discharge "
Median mRS (IQR) 4(3-6) 2(14) 0.004
mRS < 2, 1 (%) 7 (22.6) 16 (51.6) 0.018
Complications, 1 (%)
Symptomatic ICH 0(0) 0(0) 1.000
Cerebral Edema 7 (22.6) 6(19.4) 0.755
Pneumonia ¥ 21(67.7) 2(8.0) <0.001
Respiratory Failure ¥ 20 (64.5) 4(22.2) 0.007
Other 1 8 (25.8) 9 (29.0) 0.776
Prolonged Stay in ICU (>1 day), 1 (%) 12 (38.7) 6(19.4) 0.093
Mortality, 1 (%)
In-Hospital 9(29.0) 2(6.5) 0.043
Day 90 17 (54.8) 4(12.9) 0.001

TICI—thrombolysis in cerebral infarction, NIHSS—National Institutes of Health Stroke Scale, IQR—interquartile
range, mRS—modified Rankin Scale, ICH—intracerebral hemorrhage, ICU—intensive care unit. * Only patients
who had undergone mechanical thrombectomy (1 = 46, data of 2 patients was missing). ¥ Whichever occurred
first. S Defined as reduction of NIHSS score by 4 points or more or score 0-1 at 24 h after reperfusion therapy.
'l Sample size differs for both subjects (1 = 26) and control group (1 = 29) due to missing data. ¥ Sample size
differs for both subjects (11 = 31) and control group (1 = 25) due to missing data. ¥ Sample size differs for both
subjects (1 = 31) and control group (1 = 18) due to missing data. 1 Including urinary tract infection, pulmonary
embolism, myocardial infarction, acute heart failure, pulmonary oedema, other organ dysfunction, major bleeding
(excluding pneumonia and respiratory failure). Bold values denote statistical significance at the p < 0.05 level.

Significantly higher NIHSS scores 24 h after reperfusion therapy (16 (5-24) vs. 5 (2-13),
p =0.003) and on day 7 or discharge (15 (5-21) vs. 4 (1-10), p < 0.001) were evident in the
COVID-19 group as compared to matched controls. The detail outcome data are shown in
Table 3. Rate of cerebral edema after the reperfusion treatment did not differ between the
two groups, and no sICHs were observed. Both in-hospital and 3 month mortality rates
were significantly higher in the COVID-19 group compared to controls (29% and 54.8% vs.
6.5% and 12.9%, p = 0.043 and p = 0.001, respectively).

The analysis of in-hospital mortality patients in both groups showed severe stroke
from onset (baseline NIHSS > 15). COVID-19-positive stroke patients who died in hospital:
5/9 (55.6%) underwent MTE and 4/9 (44.4%) underwent bridging therapy, 2/9 (22.2%) had
unsuccessful MTE (TICI 1 and 2a), 7/9 (77.8%) had acute ischemic changes on CT scan 24 h
after RT, 2/9 (22.2%) experienced reperfusion complications (small scattered petechiae and
subarachnoid hemorrhage, confluent petechiae), 5/9 (55.6%) had various degree cerebral
edema, 8/9 (88.9%) had pneumonia and respiratory failure, 2/9 (22.2%) had other somatic
complications (sepsis, acute kidney failure and urinary tract infection), 2/2 (100%) control
group stroke patients who died in hospital underwent MTE, and reperfusion therapy was
successful (TICI 3) in both cases, Both patients had acute ischemic changes on CT scan 24 h
after RT, both experienced reperfusion complications (hematoma within infarcted tissue,
occupying <30%, intraventricular hemorrhage), both had cerebral edema, and both had
pneumonia and respiratory failure and no other somatic complications.
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3.3. COVID-19 Associated Complications

Severe respiratory failure was observed in 64.5% of COVID-19 patients during any
time point of inpatient treatment, and it was significantly more common compared to con-
trols, where only 22% of patients were in respiratory compromise (p = 0.007). Importantly,
on admission, rates of respiratory failure did not differ between the two groups (hypoxemia
rate 5 (16.1%) in COVID-19 group vs. 3 (9.7%) in controls, p = 0.712). Pneumonia com-
plicated the disease course of 67.7% of COVID-19 patients as compared to 8% of controls
(p < 0.001). Prolonged stay in ICU was observed in 38.7% of COVID-19 patients compared
to 19.4% in control group (p = 0.093).

3.4. Multivariate Analysis

The accuracy of a favorable functional outcome prediction was 83.6%. The significant
variables in the univariate analysis included age (p = 0.028), baseline NIHSS (p < 0.001), and
COVID-19 infection (p = 0.011). In the multivariable model, only baseline NIHSS retained
significance (OR 0.790; 95% CI 0.691-0.902) (Table 4).

Table 4. Logistic regression model on the likelihood of favorable functional outcome (mRS 0-2) on
discharge (1 = 61).

Univariate Analysis Multivariate Analysis
Covariates
p Value OR (95% CI) p Value
Age 0.028 0.959 (0.899-1.022) 0.199
Baseline NIHSS <0.001 0.790 (0.691-0.902) 0.000
COVID-19 Infection 0.011 0.312 (0.077-1.260) 0.102

OR—odds ratio, CI—confidence interval, NIHSS—National Institutes of Health Stroke Scale. Bold values denote
statistical significance at the p < 0.05 level in multivariate analysis.

The accuracy of 3-month mortality after stroke and reperfusion therapy was 78.8%.
The significant variables included age (p = 0.022), hypoxemia (p = 0.079), baseline NIHSS
(p = 0.001), COVID-19 infection (p = 0.001), total WBC count (p = 0.079), and CRP concen-
tration (p = 0.093). Increasing age and higher baseline NIHSS on admission were associated
with a higher likelihood of 3-month mortality after stroke and reperfusion therapy. COVID-
19 infection increased the likelihood of death 3 months after stroke and reperfusion therapy
seven times (OR 6.696; 95% CI 1.029-43.584), while hypoxemia, total WBC count, and CRP
concentration were not significant predictors (Table 5).

Table 5. Logistic regression model on the likelihood of 3-month mortality after stroke and reperfusion
therapy (n = 52).

Covariates Univariate Analysis Multivariate Analysis

p Value OR (95% CI) p Value
Age 0.022 1.086 (1.002-1.178) 0.045
Hypoxemia (SpO2 < 93%) 0.079 1.861 (0.225-15.406) 0.565
Baseline NIHSS 0.001 1.184 (1.013-1.383) 0.034
COVID-19 infection 0.001 6.696 (1.029-43.584) 0.047
Total WBC count 0.079 1.126 (0.829-1.530) 0.447
CRP concentration 0.093 1.004 (0.990-1.018) 0.586

OR—odds ratio, CI—confidence interval, NIHSS—National Institutes of Health Stroke Scale, WBC—white blood
cells, CRP—C-reactive protein. Bold values denote statistical significance at the p < 0.05 level in multivariate analysis.

4. Discussion

This is the first Lithuanian nationwide pair-matched multicenter study evaluating
outcomes of COVID-19-positive AIS patients treated with reperfusion therapies. We demon-
strated that COVID-19 stroke patients present with a significantly higher neurologic burden
than non-infected controls. We also found that reperfusion therapies appear safe for COVID-
19 stroke patients in relation to reperfusion-associated complications (symptomatic ICH
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and cerebral edema). Despite successful reperfusion, the COVID-19 stroke patients had
significantly worse outcomes and a high 3-month mortality rate as compared to control
patients. We additionally report 3-month mortality of COVID-19-positive patients with AIS
representing distant sequalae of AIS. Hypoxia had a major role in our COVID-19 cohort
and may have contributed to the high in-hospital and 3-month mortality rate.

Outcomes of COVID-19 patients with AIS seem to be universally unfavorable despite
successful reperfusion. Although COVID-19 patients with mild stroke presentations seemed
to have more favorable outcomes, in general, COVID-19 patients with AIS were more
severely disabled, with a median NIHSS of 15 at discharge as compared to controls. This
is in line with other studies reporting in-hospital mortality rates ranging from 31% to
60% [14-16]. The European multicenter EVT study provided data on 30-day mortality of
27% [17]. In contrast, we report insights on 3-month mortality even higher than previously
reported [18].

In our study, the absolute majority of COVID-19 stroke patients had a more severe
stroke despite no differences in ASPECTS scores between study groups on admission.
These results are comparable to previous reports [18]. However, the true size of ischemic
territory in COVID-19 patients may be larger than initially anticipated. Significantly lower
ASPECTS scores and higher infarct volumes were observed for COVID-19 patients with
AIS on MRI despite early imaging in a previous study [19]. In contrast, we used CT as our
main screening modality. Although discordances between MRI and CT median ASPECTS
scores in non-COVID-19 AIS have been documented, no impact to overall outcomes was
observed [20]. Therefore, COVID-19-specific endothelial dysfunction may have a role in
infarct core size expansion and contribute to poor outcomes.

Moreover, in our study, we demonstrated that COVID-19 stroke patients eligible for
reperfusion therapies had prolonged onset-to-door times. Prolonged ODT in COVID-19
patients might be explained by human factors: first, the lack of available paramedical
teams on-call could have delayed arrival to the hospital. Second, both stroke admission
rates and prolonged ODT were previously reported owing to the reluctance of stroke
patients to seek medical care, especially during the start of the pandemic when vaccination
was not yet available [21]. However, the impact of prolonged ODT on stroke severity is
debatable. Prolonged ODT might also be explained in part by the expanded intervention
window for EVT according to the DAWN trial, demonstrating the undeniable benefits of
EVT beyond 6 h for rigorously selected patients [22]. However, this approach was not
validated for COVID-19 patients, but despite the lack of evidence, the DAWN criteria
were applied according to best clinical practice and consensus statements valid at the time
of therapy [23,24]. Second, data regarding the efficacy of EVT beyond 6 h in COVID-19
stroke patients are conflicting, since there are no studies specifically addressing this issue
in the COVID-19 population. Studies specifically addressing reperfusion beyond 6 h are
required to assess their safety and efficacy profile and more importantly, assess the impact
of COVID-19 in these patients, especially in cases with respiratory compromise.

In our study, DTN and DTP times did not differ significantly between patients infected
with COVID-19 and controls. Every stroke center was pre-notified about COVID-19 posi-
tivity in cases when information was available to the paramedical team and when stroke
teams made safety preparations in advance. However, in most cases, COVID-19 status was
unknown. Treatment of stroke and reperfusion therapy was considered a priority and did
not cause delays in logistics in the emergency departments in either of the stroke centers.

Another aspect to consider is early neurological improvement after reperfusion ther-
apy. In our cohort, successful reperfusion (TICI 2b or TICI 3) was observed in 79.2% of
COVID-19 patients with AIS who underwent EVT, and in all but one patient (95.5%) in the
control group. In addition, the rate of ischemic changes on CT scan 24 h after RT did not
differ between COVID-19 and control groups. Despite successful and timely reperfusion,
COVID-19 stroke patients did not improve neurologically 24 h after reperfusion. We ac-
knowledge the possibility that some patients may have exhibited a higher neurological
burden due to their severe general state and the need for intensive care due to COVID-19.

171



J. Clin. Med. 2022, 11, 3004

8of 11

We did not calculate the ICU severity scores to represent the general state of these patients.
However, NIHSS scores were evaluated either at 7 days or on discharge for every patient.
At these time points, the absolute majority of patients were discharged from the ICU.
Therefore, we believe that evaluation of NIHSS later in the disease course more accurately
reflects the true neurologic burden. Moreover, a lack of early neurological improvement
was observed in other studies owing to several factors. Early consecutive ischemic strokes
or re-occlusions of the same vessel after successful or complete recanalization were ob-
served at a higher than expected rate of 8% in a systematic study [25]. In our cohort, we
have no data regarding early re-occlusions in COVID-19 stroke patients, since this was
a retrospective study and we do not routinely perform CTA after successful reperfusion
according to national guidelines, unless there is a high clinical suspicion of re-occlusion.

Another proposed explanation for no neurological improvement is the difference in
clot composition in COVID-19 and non-COVID-19 patients. Wang et al. described several
patients with excessive clot fragmentation and distal migration during thrombectomy:.
Moreover, once evaluated with thromboelastography, the thrombi showed features of high
clot consolidation and reduced time of clot formation consistent with a severe procoagulant
state [26]. Several other studies reported a hypercoagulable state in COVID-19 patients as
compared to controls, which may attribute to both the devastating multivessel occlusions,
clot fragmentation, consecutive ischemic strokes, or early re-occlusions of blood vessels
that might contribute to poor outcomes [27]. Although we cannot confirm the different
clot features for COVID-19 stroke patients in our study, other aspects of these patients are
worth considering.

Hypoxia is a major contributing factor to poor outcomes in AIS patients. In our cohort,
64.5% of COVID-19 stroke patients suffered from respiratory failure. Almost one-third
of COVID-19 patients with AIS required prolonged intubation due to severe respiratory
system compromise. In a subgroup analysis of the former group (unpublished data),
patients in whom the respiratory function was severely affected were those who showed
no neurologic improvement 24 h after reperfusion. Most of these patients presented with
LVOs and required EVT for reperfusion. Due to a relatively small sample size in our
cohort, we could not perform a subgroup analysis with optimal statistical power, but
a tendency toward more severe strokes in patients with severe respiratory compromise
was observed. This is in line with previous reports. Two meta-analyses showed that
severe COVID-19 disease is more often complicated by severe ischemic strokes [16,28]. It is
proposed that patients with severe respiratory compromise can be deemed as high risk for
poor outcomes and in-hospital mortality [15]. A stroke center in New York reported good
early neurological improvement in COVID-19 stroke patients who underwent endovascular
treatment. None of the COVID-19 stroke patients who dramatically improved showed signs
of respiratory distress [29]. Respiratory function, although analyzed in AIS with COVID-
19 cohorts, has not been widely addressed in the subpopulation of patients undergoing
reperfusion therapies for AIS. In our study, we emphasize the importance of respiratory
complications for AIS patients undergoing specialized treatment. Respiratory failure could
be an important factor for early neurological deterioration or lack of improvement despite
successful reperfusion. Novel strategies involving optimal management of respiratory
compromise should be exploited to improve the outcomes for stroke patients undergoing
reperfusion therapy.

Although available safety evidence is scarce, reperfusion in cases of AIS was recom-
mended by an international panel of experts [23,24]. For IVT, various studies report sSICH
rates from 2.8% to 10% in COVID-19 stroke patients [30-33]. As for EVT, a European
multicenter retrospective study of 93 COVID-19 stroke patients reported a rate of sSICH of
5.4% [17]. In contrast, results from the largest to date EVT trial MR CLEAN reports sICH
rates of 7.7%, although differences between the two studies’ sample sizes have to be taken
into account [34]. Results from our study are comparable to the aforementioned studies
and provide additional insights into the safety of reperfusion therapies for COVID-19
stroke patients. All ICHs were asymptomatic in the COVID-19 group and did not differ
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statistically from controls. As given the information provided, reperfusion therapies appear
to be safe and beneficial for some patients, but large prospective trials evaluating both the
safety and efficacy of these treatments are warranted.

Risk factors associated with high dependency and mortality in COVID-19 AIS patients
include older age, COVID-19 infection, and stroke severity on admission. The logistic
regression model in our study showed only higher baseline NIHSS to be associated with
worse functional outcomes. As for 3-month mortality, age, higher baseline NIHSS and
COVID-19 infection were significant predictors in the logistic regression model. COVID-19
infection increased the likelihood of death 3 months after stroke and reperfusion therapy
seven times. We acknowledge that the regression analysis model in our study may not
reflect the true predictors of poor outcomes in COVID-19 AlS patients undergoing RT due to
the retrospective nature of the study, data shortages, and a small sample size. Furthermore,
we included to our univariate and multivariate logistic regression only patient history data
and clinical and laboratory data evaluated on admission. Earlier, we argued that hypoxia is
an important factor for the expansion of infarcted brain tissue and may be associated with
poor outcomes given the high rates of severe respiratory failure in our study. This might
explain the higher rates of in-hospital mortality. However, for the survivors, the causes of
3-month mortality rates remain to be validated.

Strengths. The strength of our study lies within a couple of points. First, the study
was conducted across all Lithuanian stroke centers. Second, we added valuable insights
to the available safety data of reperfusion therapies in AIS with COVID-19 demonstrating
relative safety of all treatment modalities. We have performed one of the few studies
reporting COVID-19 patients with AIS mortality at 3 months. As a result, it was possible
to compare COVID-19 patients with AIS with controls demonstrating clear differences in
mortality and functional outcomes, raising COVID-19 as a potential risk factor predicting
poor outcomes in AIS patients.

Limitations. The major weaknesses of our study are the retrospective nature and a
relatively small sample size, restricting subgroup analysis of reperfusion modalities and
evaluation of outcomes within. Another weakness is the chosen pair-matched analysis
method, which might not accurately represent the true demographic and stroke-specific
data of the control patients. We could not perform a subgroup analysis of different treat-
ment modalities that would have added additional safety and outcome data. The regression
analysis model, albeit significant for some factors, we believe, does not reflect all predic-
tors of poor outcomes in COVID-19 patients. Heterogeneity between different centers
concerning treatment management of patients with AIS should be considered. Although
we reported 3-month mortality rates, we could not compare functional outcomes of sur-
viving COVID-19 stroke patients to the control group, which would provide additional
information on distant effects of COVID-19 on AIS survivors.

5. Conclusions

In conclusion, reperfusion therapies on AIS in COVID-19 patients appear to be safe
and should be used. COVID-19-positive AIS patients seem to have more debilitating strokes
from onset. Despite successful and timely reperfusion, they tend to have poor functional
outcomes with high in-hospital and 3-month mortality rates. For the surviving patients,
studies to compare functional outcomes in the post-acute COVID phase between COVID-19
patients with AIS and non-infected stroke survivors are needed.
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