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Abstract

Background Large vessel occlusion (LVO) is a severe condition that carries a high risk of morbidity and mortality,
underscoring the importance of effective prevention strategies. This retrospective study aimed to analyze the intake
of preventive medication at the time of hospitalization in a cohort of recurrent stroke patients presenting with acute
LVO.

Methods The study assessed the intake of either platelet aggregation inhibitors (PAl), oral anticoagulants (OAC)

or statins at admission in patients with recurrent stroke and correlated it with the final classification of LVO. The
frequency of those secondary preventive medication in recurrent stroke patients was defined as primary endpoint.
The Modified Rankin Scale (mRS) at discharge was used as a functional outcome and defined as a secondary outcome
measure.

Results This study included 866 patients who were treated for LVO between 2016 and 2020, of whom 160 (18.5%)
had a recurrent ischemic stroke. OAC (25.6% vs. 14.1%, p < 0.01), PAI (50.0% vs. 26.0%, p < 0.01), or statin therapy (50.6%
vs. 20.8%, p <0.01) at admission were significantly more frequent in recurrent stroke patients compared to patients
with a first-time stroke. Concerning LVO etiology in recurrent stroke patients, OAC at admission was taken in 46.8% of
cardioembolic LVO, whereas PAl and statin at admission in macroangiopathic LVO were administered to 40.0%; neither
PAI nor OAC was taken in 26.0%, 28.3%, and 31.6% of cardioembolic, macroangiopathic, or cryptogenic strokes,
respectively. Regardless of stroke recurrence or etiology, there was an increase in mRS at discharge.

Conclusions Despite high-quality healthcare, this study suggested a significant proportion of patients with recurrent
stroke who were either non-adherent or insufficiently adherent to secondary preventive medication. Given the
disability associated with LVO, improving patients’medication adherence and identifying unknown stroke causes are
crucial for effective prevention strategies.

Keywords Secondary prophylaxis, Large vessel occlusion, Stroke unit

*Correspondence:
Konstantin Kohlhase
konstantin.kohlhase@kgu.de

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1088-9558
http://crossmark.crossref.org/dialog/?doi=10.1186/s42466-023-00247-7&domain=pdf&date_stamp=2023-5-17

Kohlhase et al. Neurological Research and Practice (2023) 5:22

Background

In 2019, stroke was responsible for 12.2 million new cases
and 6.55 million deaths worldwide, making it the second
leading cause of death and the third leading cause of dis-
ability []. Although mortality rates and age-specific inci-
dence have declined in recent decades due to improved
stroke care in highly developed countries, the absolute
number of stroke cases has continued to rise due to the
aging of the population [1]. Following a stroke, approxi-
mately one-third of patients die within the first 30
days, and up to two-thirds within 5 years. Additionally,
37-45.3% of stroke survivors remain functionally depen-
dent (with a modified Rankin Scale [mRS] score of >2)
one year after the stroke [2—4]. The high incidence and
impact of stroke on patient outcomes also translate to
significant costs for a society’s healthcare system—these
average to $30,633 per year in high-income countries
[5]. In Europe, the costs of stroke care comprised 1.7%
of total health care spending in 2017 [6]. Demographic
changes and advancements in stroke care have led to a
shift towards higher morbidity rates and increased bur-
den on healthcare systems, despite a decrease in mortal-
ity rates [7]. Therefore, effective primary and secondary
prevention are crucial for reducing the incidence of first
and recurrent strokes, which can range from 9 to 15% in
the first year [8, 9]. In addition to managing common car-
diovascular risk factors such as diabetes mellitus, arterial
hypertension, and obesity, post-stroke care commonly
includes the use of antiplatelet drugs, statin therapy,
and oral anticoagulants [9]. Among the various types of
ischemic stroke, the occurrence of large vessel occlu-
sion (LVO) is especially concerning due to its high risk of
mortality and morbidity, and therefore, it holds a signifi-
cant status in stroke prevention [10].

The objective of this study was to assess the adherence
to guideline-based medical secondary stroke prophylaxis
(including platelet aggregation inhibitors (PAI), oral anti-
coagulants (OAC), and statin therapy) in patients with
recurrent ischemic stroke and acute LVO compared to a
cohort with first-time ischemic stroke.

Methods

In this study, data from all patients who received treat-
ment for an acute ischemic stroke caused by an LVO at
the University Hospital Frankfurt between 2016 and 2020
were retrospectively analyzed. The study was approved
by the local ethics committee of the Goethe University
Frankfurt (IRB#: 19—-285), and data on the occurrence of
acute epileptic seizures have been previously published
[11, 12]. The STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines were
closely followed [13]. Given the retrospective design,
written informed consent from the patients was not
required.
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Data collection

Ischemic stroke was diagnosed according to the Interna-
tional Statistical Classification of Diseases and Related
Health Problems, 10th Revision [14]. LVO was defined
as occlusion of the internal carotid artery, middle cere-
bral artery (including segments M1 and M2), or basilar
artery, and was further divided into anterior (internal
carotid artery, middle cerebral artery) or posterior (basi-
lar artery) circulation. A diagnosis of LVO was estab-
lished through imaging techniques such as CT or MR
angiography, or by identifying infarct demarcation attrib-
utable to a proximal vessel occlusion. Data on the follow-
ing variables were collected: age, sex, NIHSS score upon
admission and discharge, modified Rankin Scale (mRS)
before admission and at discharge, type of LVO (anterior
or posterior circulation), stroke etiology, total cholesterol
levels (mg/dl), treatment with mechanical thrombectomy
or systemic thrombolysis, arterial hypertension, diabe-
tes mellitus, atrial fibrillation, history of previous isch-
emic stroke, and treatment with OAC (such as Vitamin
K antagonists, factor Xa inhibitors, thrombin inhibitors),
PAI (such as platelet aggregation inhibitors like aspirin
or adenosine diphosphate [ADP] receptor inhibitors), or
statins at admission.

Endpoints

The primary endpoint of this study was adherence to sec-
ondary prophylactic medication at admission for patients
with a history of previous ischemic stroke, as recom-
mended by the neurological guidelines of the European
Stroke Organisation (ESO) and German Neurological
Society (DGN) [9, 15]. The current LVO was classified
into different stroke causes, including cardioembolism
(e.g. atrial fibrillation), large-artery atherosclerosis (with
an intraluminal stenosis of >50%) or stroke of undeter-
mined etiology (“cryptogenic”) and was extracted from
the discharge letter. Cryptogenic stroke was considered
in patients without identified stroke cause. In patients
with two or more causes, the most probable source was
used for classification.

The study evaluated whether the initial secondary pro-
phylactic medication was suitable for effective stroke
prevention based on the stroke cause. Feasible medical
stroke prevention was considered in patients with large-
artery atherosclerosis or cryptogenic stroke by the intake
of a PAI (such as aspirin or ADP receptor inhibitors like
clopidogrel or ticagrelor) and/or statin therapy at admis-
sion. Patients with cardioembolic strokes due to atrial
fibrillation were appropriately treated with an OAC such
as a factor Xa inhibitor, thrombin inhibitor, or Vitamin K
antagonist [9, 15].

The secondary end point of the study was defined as
the degree of disability and dependence after stroke,
indicated by the difference of mRS prior to admission
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and at discharge between the subgroups (etiology,
stroke history) as well as an individual shift from func-
tional independency (mRS<2) to dependency in activi-
ties of daily life (mRS=>3). Furthermore, the difference
in baseline characteristics (age, sex, NIHSS at admission
and discharge, stroke etiology, cardiovascular risk fac-
tors, emergency treatment with systemic thrombolysis
or mechanical thrombectomy, and atrial fibrillation) of
recurrent stroke patients, subdivided into patients who
received OAC or PAI at admission and those who did
not, were compared.

Statistics

Statistical analyses were performed using IBM SPSS Sta-
tistics software version 27.0.1.0 (IBM Corp., Armonk,
NY, USA). Differences in patient characteristics between
the two groups (with and without previous stroke) were
assessed using chi-squared tests for categorical variables
(e.g. gender, atrial fibrillation) and Mann-Whitney U tests
for ordinal or numeric values (e.g. NIHSS, mRS, age). Dif-
ferences in stroke etiologies and medication at admission
(PAIL OAC, statin) were also evaluated using chi-squared
tests. Changes in mRS from admission to discharge were
evaluated using Wilcoxon signed-rank tests. The mRS
was further dichotomized into mRS<2 (mostly indepen-
dent in daily life) and mRS>3 (dependent in activities of
daily life), and changes in mRS category during hospi-
tal stay were evaluated using chi-squared tests. P-values
were adjusted for multiple testing using the Benjamini-
Hochberg false discovery rate method, and a p-value of
<0.05 was considered statistically significant.

Results

The study evaluated 866 patients with LVO who were
treated between 2016 and 2020. Of these patients,
160 (18.5%) had a history of previous ischemic stroke.
The mean agetstandard deviation (SD) of patients
with a first-time stroke was 70.8%14.1 years, while
that of patients with a recurrent stroke was 74.0+£11.7
years (p=0.04). Gender distribution (50.2% and 48.1%
female patients experiencing first-time and recurrent
strokes, respectively) did not show significant differ-
ences (p=0.66). The anterior circulation was affected in
91.9% and 91.7% (p=0.91) in patients with and without a
previous stroke, respectively. There were significant dif-
ferences in stroke etiologies between the groups, with
more cardioembolic and large-artery stenosis strokes
in patients with a recurrent stroke (48.1% vs. 40.5% and
37.5% vs. 29.9%, respectively, p<0.01). Cryptogenic LVO
was more common in patients without a prior stroke
(24.9% vs. 11.0%; p<0.01). Patients without a previous
stroke underwent mechanical thrombectomy (MT) and
systemic thrombolysis (IVT) more frequently than those
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with a previous stroke (MT: 54.0% vs. 42.5%, p=0.019,
IVT: 49.2% vs. 35.6%, p<0.01).

OAC (25.6% vs. 14.1%, p<0.01), PAI (50.0% vs. 26.0%,
p<0.01), and statin therapy (50.6% vs. 20.8%, p<0.01)
were reported more often in patients with a recurrent
stroke. Patients with a recurrent stroke also had a higher
prevalence of cardiovascular risk factors, such as arte-
rial hypertension (85.6% vs. 70.9%, p<0.01), diabetes
mellitus (34.4% vs. 17.0%, p<0.01), and atrial fibrillation
(51.9% vs. 38.2%, p<0.01). NIHSS at admission showed
no significant difference between the groups (p=0.53),
whereas a higher NIHSS at discharge was more common
in patients with a prior stroke (median NIHSS [Q1-Q3]:
4 [2-12] vs. 3[0-9], p=0.04). Further details are provided
in Table 1.

Analysis by etiology and intake of a secondary
prophylactic medication

Among patients with LVO classified as cardioembolic at
discharge, 46.8% received OAC at admission, which was
more frequent compared to patients with a first-time
cardioembolic stroke (27.6%, p<0.01). PAI with statin
(22.1% vs. 10.1%) was significantly more frequent in
patients with a recurrent stroke (p<0.01). A combination
of PAI and OAC was present in 6.5% and 2.4% of patients
with a recurrent or first-time stroke, respectively, without
significant group differences (p=0.15). Among patients
with cardioembolic LVO, 26.0% of patients with a previ-
ous ischemic stroke neither took PAI nor OAC at admis-
sion, which was, however, less common compared to
patients with a first-time cardioembolic stroke (71.5%,
p<0.01).

Patients with LVO due to large-artery stenosis had an
overall lower rate of pre-admission OAC, with 6.7% and
4.7% in patients with and without prior stroke (p=0.66),
respectively. PAI alone (25.0% vs. 12.8%, p<0.01), statin
alone (16.7% vs. 6.6%, p<0.01), and PAI with statin
(40.0% vs. 17.5%, p<0.01) was more frequent in patients
with large-artery stenosis and previous ischemic stroke
compared to patients with first-time stroke. However,
among patients with large-artery stenosis and recurrent
stroke, neither PAI nor statin as well as neither PAI nor
OAC at admission were received in 18.3% and 28.3%,
respectively.

For cryptogenic LVO, there were no significant differ-
ences in the frequency of OAC between the subgroups,
with an overall low rate of 0.0% and 3.4%, respec-
tively (p=0.6). In contrast, significant differences were
observed between cryptogenic LVO in patients with and
without prior stroke concerning PAI alone (31.6% vs.
10.2%, p<0.01), PAI and statin (36.8% vs. 17.6%, p<0.01),
and no PAI or statin (31.6% vs. 68.8%, p<0.01) at admis-
sion, respectively. In 31.6% of patients with cryptogenic
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Table 1 Characteristics of patients with large vessel occlusion, subdivided into those with and without prior stroke. For intergroup
differences, chi-square test was used for binary variables and Mann-Whitney test for ordinal or numeric scaled variables, with a
p-value < 0.05 considered significant and marked in bold. Abbreviations: NIHSS — National Institute of Health Stroke Scale, mRS —

modified Rankin Scale

Prior stroke No=706 Yes=160 p-value
Age 708+ 14.1 740+11.7 0.04 (Mann-Whitney-Test)
Chi-Square
Posterior circulation %positive 62; 8.8% 13;8.1% 0.84
Anterior circulation %positive 648;91.7% 147;91.9% 091
Sex %female 355; 50.2% 77;48.1% 0.66
Died % 133;18.8% 34;21.3% 0.6
Etiology
Cryptogenic 176; 24.9% 19;11.0%
Large-artery sclerosis 211;29.9% 60;37.5% <0.01
Cardioembolism 286; 40.5% 77:48.1%
Others 33;,4.7% 4;2.5%
Mechanical thrombectomy %yes 382; 54.0% 68;42.5% 0.019
Systemic thrombolysis %yes 348;49.2% 57;35.6% <0.01
Oral anticoagulants %yes 100; 14.1% 41;25.6% <0.01
Platelet aggregation inhibitor %yes 184; 26.0% 80; 50.0% <0.01
Statins %yes 147,20.8% 81;50.6% <0.01
Cholesterol > 200 mg/dl at admission %yes 109; 19.9% 18;14.5% 0.26
Diabetes mellitus %yes 120; 17.0% 55;34.4% <0.01
Arterial hypertension %yes 561;70.9% 137;85.6% <0.01
Atrial fibrillation %yes 270; 38.2% 83:51.9% <0.01
NIHSS at admission (median) 13 (6-18) 12 (6-17) 0.53 (Mann-Whitney-Test)
NIHSS at discharge (median) 3(0-9) 4(2-12) 0.04 (Mann-Whitney-Test)
mRS at admission 0(0-1) 1(0-3) <0.01 (Mann-Whitney-Test)
mRS at discharge 4(1-5) 4 (2-6) 0.06 (Mann-Whitney-Test))

LVO and a previous history of stroke, neither OAC nor
PAI was administered (p<0.01) (Table 2).

Baseline characteristics of patients with recurrent
stroke without PAl or OAC at admission

There were no significant differences in baseline char-
acteristics (e.g., age, gender, NIHSS or mRS at admis-
sion, p=0.12), cardiovascular risk factors (e.g., arterial
hypertension, diabetes mellitus, hypercholesterol-
emia, p=0.23) or presence of atrial fibrillation (p=0.41)
between patients with recurrent stroke who were admin-
istered OAC or PAI at admission and those who were
not. Patients who received pre-admission OAC or PAI
showed a higher frequency of concomitant statin therapy
(58.6% vs. 29.5%, respectively; p<0.01). Furthermore,
there was a trend towards a higher mortality in patients
who received OAC or PAI at admission (25.0% vs. 11.4%,
respectively, p=0.08), which did not reach the level of sig-
nificance after correction for multiple testing (Table 3).

Comparison of mRS scores between different
etiologies and recurrent strokes

The mRS scores at admission showed significant differ-
ences between patients (total) with and without previ-
ous stroke (p<0.01), as well as in the subgroup analysis

of patients with a cardioembolic or large-artery sclerosis
origin of stroke (p<0.01). However, the difference in mRS
scores at discharge only showed a trend towards higher
scores in patients with a previous ischemic stroke (total),
which did not reach significance after correcting for mul-
tiple testing (p=0.06). There was a significant worsening
between the mRS scores at admission and at discharge
across all etiologies (cryptogenic, large-artery steno-
sis, cardioembolism) and regardless of stroke history
(p<0.01). However, in the subgroup analysis to deter-
mine an individual shift in the mRS group from inde-
pendent (mRS<2) to dependent in activities of daily life
(mRS=>3), there were no significant differences between
patients with and without previous stroke based on their
stroke classification (cryptogenic: p=0.91, large-artery
sclerosis: p=0.17, cardioembolism: p=0.66) (Table 4).

Discussion

This study demonstrated that a significant proportion of
patients with LVO had a history of recurrent ischemic
stroke and differed significantly from patients with first-
time stroke in terms of receiving preventive drugs (PAI,
statin, or OAC) at admission, etiology of LVO, and pres-
ence of cardiovascular risk factors. Specifically, the study
found that a high percentage of patients with recurrent
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Table 2 Differences in medical prevention with OAC, PAI, or statin at admission based on the final etiological stroke diagnosis
(cardioembolic, macroangiopathic, cryptogenic, or other) and positive history of previous ischemic stroke. Intergroup differences were
assessed using a chi-square test, with a significance level of p <0.05 marked in bold. Abbreviations: PAI - platelet aggregation inhibitor,
OAC - oral anticoagulation

Cardioembolic stroke Macroangiopathic Cryptogenic Other strokes
stroke
No previous Recur- Chi-square  No previous  Recur- Chi-square  No Recur- Chi-square  No previ-  Re-
stroke rent stroke rent previous  rent ous stroke cur-
(n=286) stroke (n=211) stroke stroke stroke (n=33) rent
(n=77) (n=60) (n=176) (n=19) stroke
(n=4)
OAC N=79 N=36 <0.01 N=10 N=4 0.66 N=6 N=0 0.6 N=5 N=1
27.6% 46.8% 4.7% 6.7% 34% 0,0% 15.2% 25.0%
PAI N=37 N=9 N=27 N=15 N=18 N=6 N=4 N=1
12.9% 11.7% 12.8% 25.0% 10.2% 31.6% 12.1% 25.0%
Statin N=29 N=21 N=14 N=10 N=6 N=0 N=0 N=1
alone 10.1% 27.3% 6.6% 16.7% 34% 0,0% 0,0% 25.0%
<0.01 <0.01 <0.01
PAl and N=29 N=17 N=37 N=24 N=31 N=7 N=1 N=1
Statin 10.1% 22.1% 17.5% 40.0% 17.6% 36.8% 3.0% 25.0%
No PAlor  N=191 N=30 N=133 N=11 N=121 N=6 N=28 N=12
statin 66.8% 39.0% 63.0% 18.3% 68.8% 31.6% 84.8% 25.0%
OACand N=7 N=5 0.15 N=1 N=0 0.66 N=0 N=0 - N=1 N=0
PAI 2.4% 6.5% 0.5% 0,0% 0,0% 0,00% 3.0% 0,0%
No OACor N=148 N=20 <0.01 N=138 N=17 <0.01 N=121 N=6 <0.01 N=24 N=0
PAI 71.5% 26.0% 65.4% 28.3% 68.8% 31.6% 72.7% 0,0%

Table 3 Characteristics of patients with large vessel occlusion and a positive history of ischemic stroke, subdivided into patients with
and without the intake of platelet aggregation inhibitors (PAl) or oral anticoagulants (OAC) at admission. For intergroup differences,
chi-square test was used for binary variables and Mann-Whitney test for ordinal or numeric scaled variables, a p-value <0.05 was
considered significant and marked in bold. Abbreviations: NIHSS — National Institute of Health Stroke Scale, mRS — modified Rankin
Scale

Recurrent stroke PAl or OAC
Yes (n=116) No (n=44) p-value

Age 745+10.8 729+138 0.69
Posterior circulation %positive 8;6.9% 5 114% 04
Anterior circulation %positive 108;93.1% 39; 88.6% 04
Sex %female 56;48.3% 21;47.7% 0.65
Died % 29; 25.0% 5 114% 0.08

Etiology
Cryptogenic 13;11.2% 6;13.6%
Large-artery sclerosis 43:37.1% 17;38.6% 097
Cardioembolism 57:49.1% 20;45.5%
Others 3;2.6% 1:23%
Mechanical thrombectomy %yes 50;43.1% 18; 40.9% 0.6
Systemic thrombolysis %yes 43;37.1% 14;31.8% 047
Statins %yes 68; 58.6% 13;29.5% <0.01
Cholesterol > 200 mg/dl at admission %yes 12;10.3% 6;13.6% 0.56
Diabetes mellitus %yes 37:31.9% 18; 40.9% 03
Arterial hypertension %yes 102; 87.9% 35;79.5% 0.23
Atrial fibrillation %yes 58; 50% 25;56.8% 041
NIHSS at admission (median) 12 (7-18) 10 (5-14) 0.12
NIHSS at discharge (median) 3(1-10) 6(2-13) 0.23
mRS at admission 1(1-3) 1(0-2) 0.48

mRS at discharge 4 (2-6) 4 (2-5) 036
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stroke were either not taking any preventive antiplatelet
or anticoagulant medication or were taking medication
that was inadequate for preventing the current LVO.
Among patients with recurrent stroke, a high preva-
lence of well-known cardiovascular risk factors such as
arterial hypertension (85.6%), diabetes mellitus (34.4%),
and atrial fibrillation (51.9%) was observed, which was
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the risk of recurrent strokes by 42% compared to ASA,
or by an additional 19% when comparing warfarin to
direct oral anticoagulants (DOACs) [19, 20]. In patients
with a recurrent stroke and final diagnosis of cardioem-
bolic LVO, there are presumably cases in which atrial
fibrillation was first recorded and thus no indication for
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an OAC existed so far. However, this raises the question,
why 26.0% also did not take a PAI as standard of care.

Among patients with a recurrent stroke, no significant
differences were found in baseline characteristics, cardio-
vascular risk factors, or preexisting AF between patients
receiving initial PAI or OAC and those not receiving
them. The only difference was a higher rate of concomi-
tant statin treatment in patients receiving initial PAI or
OAC. However, patients who were administered pre-
admission OAC or PAI showed a trend towards higher
mortality during hospital stay (25.0% vs. 11.4%, p=0.08),
although the difference was no longer significant after
correction for multiple testing. A possible explanation for
this trend could be an increased cardiovascular risk pro-
file or comorbidity in the pretreated group, although dif-
ferentiation based on the evaluated data was not possible.
Increased stroke severity or mortality due to prior OAC
or PAI administration has been discussed in the past but
has not been confirmed [21, 22].

The data on medication adherence are very hetero-
geneous, depending on the target group and the origin
of study. A study from Singapore showed high medica-
tion compliance in only one-third of patients after first
ischemic stroke, whereas younger patients or patients
without concomitant diseases, such as arterial hyper-
tension, showed poorer compliance [23]. Similar results
were obtained from Denmark with an adherence rate
to PAI in about 36% and an increased risk of nonad-
herence in strokes with less severity [24]. Kronish et al.
reported results in a low-income, minority population
in New York, where medication adherence was poor in
40% of cases with more common concerns about their
medication, suspicion of their treating physicians, or
limited communication with healthcare providers due
to language barriers [25]. Comparable studies found

Cardioembolic - no prior stroke

Post mRS Post mRS

% 20% 40% 60% 80% 100% % 20% 40%

m0mlm2m3 w45 6

Cardioembolic - prior stroke

Post mRS

8

% 20% 40% 60% 80% 100% 20% 40%

m0mlm2m3u4u5:6

Large-artery stenosis - no prior stroke

mOmlmw2m3 w45 6

Large-artery stenosis — prior stroke

e mis _

m0mlm2m3udns5 6
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non-adherence rates between 38% and 41% for cardiac
medication in patients with known AF [26, 28]. A more
sufficient adherence rate was reported in up to 85.2% of
patients when they were involved in an improved out-
patient healthcare delivery system, such as Kaiser Per-
manente Southern California (KPSC) [27]. However,
the reason for the reduced medication adherence in our
studied cohort could be evaluated, so it remains unclear
whether medication was ever initiated in the past or if
there was a specific reason for discontinuation. Never-
theless, our study showed that a significant number of
patients with recurrent stroke did not receive appropri-
ate secondary preventive medication, despite nationwide
access to the healthcare system in Germany and high
standards of quality and guideline-based treatments after
stroke [29, 30]. This is particularly relevant given that
LVO was associated with a high risk of permanent dis-
ability, as evidenced by a shift in mRS at discharge, which
was independent of the underlying stroke etiology or
stroke history (Fig. 1).

To improve drug adherence, it is necessary to integrate
stroke patients into medical follow-up. Moreover, it is
essential to provide training to medical and non-medical
personnel to enhance drug adherence by imparting spe-
cific information to the patients, on the one hand, and
by identifying and correcting any incorrect medical pre-
vention, on the other hand [31, 32]. This emphasizes the
importance of reviewing secondary prophylactic medi-
cation in the context of cardiovascular risk factors and
adapting it to current guidelines to effectively prevent
the risk of recurrent strokes in such patients. Further-
more, besides drug adherence, it is recommended to con-
duct a more intensive outpatient search for unaddressed
embolic sources, such as atrial fibrillation, in patients
with unexplained strokes. Given the limited capacity and

All - no prior stroke

Pre mRS

Post mRS

60% 80% 100%

E
E

40% 60% 80% 100%
wOmlm2m3 w45 6

All - prior stroke

e mes _

Post mRS

60% 8% 100% 0% 20% 40% 60% 80% 100%
m0mlm2m3u4:5 6

Fig.1 Functional outcome indicated by mRS (modified Rankin Scale) before admission and at discharge between patients with acute LVO due to cardio-
embolism or large-artery stenosis, subdivided into a positive history of previous ischemic (non-classified) stroke
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associated costs of intensified cardiac rhythm monitoring
in the outpatient setting, study inclusion should always
be considered in patients with a cryptogenic stroke [33].
Moreover, secondary stroke sequelae such as the occur-
rence of post-stroke epilepsy should be assessed and
treated during follow-up [34].

As this study was a monocentric evaluation, the trans-
ferability of the results to the general population must
always be assessed. For patients with a recurrent stroke,
the evaluation may be biased if the current and pre-
vious stroke treatments were performed by the same
practitioner, as in-house care deficits may account for
the observed effect. However, since the included cohort
originated from a large university hospital in a metro-
politan region with a wide catchment area where several
maximum care hospitals and smaller stroke units exist,
the patients were likely treated by different neurologists/
hospitals for their first stroke. Therefore, we assume that
a representative cross-section of patients was included,
and the results are likely to be representative of a high-
income country like Germany. In addition, the cohort
was from a period immediately prior to the COVID pan-
demic, so that the results obtained are independent of
this and also support a representative conclusion [35].

Limitations

Limitations of this study include the lack of detailed
information about the initial stroke etiology in recur-
rent stroke patients and their prior preventive strategies.
In this regard, it was not possible to determine whether
AF in cardioembolic LVOs was detected for the first time
during hospitalization or was already preexisting. Addi-
tionally, no information was available about the exact
indication of the preventive medication (e.g., PAI or
OAC) on admission. There were no information about
the reasons for the reduced adherence or whether a spe-
cific preventive medication had been taken in the past
but had been stopped for a certain reason. Therefore, the
study only indirectly extrapolated medication adherence
and permeation in post-stroke patients based on their
intake frequency at presentation, which needs to be fur-
ther investigated in future studies.

Conclusions

Although there is general access to the healthcare system
and guideline-based preventive strategies after stroke, a
high proportion of recurrent stroke patients still receive
little to no adequate medical stroke prevention at admis-
sion. The reason for this may be medical non-adherence
or uncertainty concerning stroke etiology. Given that
LVOs are associated with increased disability, improving
medication adherence and evaluating unknown stroke
causes are essential to maintain an effective secondary
stroke prevention strategy.
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