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Abstract

Introduction: Reperfusion therapy (RT) is a mainstay treatment for acute ischemic stroke (AlS). 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 AlS 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 AlS 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 (8= 1.42 = 0.96,
p<<0.001) and endovascular therapy (3=0.85 = 0.05, p <0.001). The proportion of patients treated in stroke centers
increased immediately after the intervention (8=4.95=* I.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 (f=-0.60 = 0.18, p =0.008) despite its prompt initial
immediate increase ($=1.68 =0.73, p=0.043). The mean countrywide door-to-needle time decreased from 68 min in
2014 to 43 min 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.
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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

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.

Asnoted 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 |. 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 2014222

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, 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
0 before intervention), f3, is the intercept, B, is the slope
prior to the intervention, f, is the change in level in the
period immediately following the intervention, and 3, 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 20062013 (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 86,168 (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 (%)
CsC 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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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 AlS 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 (8,=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 (B8,=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 5 min
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 (,=0.26 +0.10, p=0.024) and immediately
following the intervention (f3,=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.2 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.%28

Ample previous studies have shown a continuous
increase in IV rtPA20246 and EVT rates for AIS**3 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 rtPA.263%3! 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 2013.26 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

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.**333¢ 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 25min 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
clucidate 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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