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Summary

Introduction

BACKGROUND: Despite the universal recognition that
stroke is a major burden of public health in developed
countries, little is known concerning its epidemiology and
care outside of stroke centres. The objective of our study
was to provide information concerning risk factors for
stroke, stroke management and quality of care in a community hospital in Switzerland.

Cerebral stroke is a major burden for health care and
economies in developed countries. In Switzerland, the
stroke event rate was estimated to be 296 per 100,000 population in 2004 [1]. In 2017, this estimate would represent
22,000 strokes [2]. In the same year, the mortality rate from
cerebrovascular disease was 21/100,000 in men and 18/
100,000 in women in Switzerland [3]. The high economic
and personal burden of stroke is further driven by the costs
of aftercare due to the functional impairment in stroke survivors as compared with the general population. This is in
addition to the high costs of inpatient care, rehabilitation
and sometimes the inability to return to work or to further
care for oneself [4–6]. In times of economic pressure, quality of care in community hospitals has been under scrutiny since the introduction of the Swiss DRG system. High
quality of care must be assessed and documented.

METHODS: Retrospective observational in-hospital study
of adult stroke patients treated in a community hospital in
Switzerland in collaboration with a nearby stroke centre.
Patients were identified by the corresponding ICD-10
codes from July 2017 to December 2018.
RESULTS: We included 261 patients with a median age of
78 years (interquartile range [IQR] 68–85). Sixty-four percent (166) had ischaemic strokes, 18% (46) transient ischaemic attacks and 19% (49) intracranial bleeding. The
most frequent risk factors were arterial hypertension in
195 (75%) patients, dyslipidaemia in 124 (48%) patients
and overweight/obesity in 102 (39%). Dyslipidaemia and
atrial fibrillation were undiagnosed at admission in 47
(38%) and 16 (27%) patients, respectively. Ninety-one
(37%) patients with an out-of-hospital stroke presented
within 4.5 hours after symptom onset. Intravenous thrombolysis was initiated in 27 patients (49% of the out-ofhospital ischaemic strokes presenting within 4.5 hours)
and the median door-to-needle time was 55 minutes (IQR
40–67) and within 60 minutes in 16 (59%) patients. The
most frequent poststroke complications were aspiration
pneumonia in 22 (8%) followed by urinary tract infection in
14 (5%). The referral rate to a stroke centre or neurosurgical unit was 18%.
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CONCLUSION: Our findings support further education of
the population in recognition of stroke symptoms and assessment of cardiovascular risk factors according to
guidelines. Telemedical cooperation with a local stroke
centre can result in adequate quality of care in these patients.
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Cerebral stroke is defined as an injury of the brain tissue
resulting from ischaemia or haemorrhage. Thrombosis,
embolism or hypoperfusion of the brain leads to low arterial blood supply and consequent brain cell death. Intracranial bleeding may compress surrounding brain tissue and
veins, which also leads to tissue damage and loss of neurological function [7]. Transient ischaemic attack is defined
as a brief episode of neurological dysfunction caused by
focal brain ischaemia without acute infarction and is considered to be a precursor of ischaemic stroke [8].
Stroke care in Switzerland is organised by a network of
specialised “stroke centres” and “stroke units”. Stroke centres provide neuroradiological and neurosurgical intervenABBREVIATIONS
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tions for eligible patients. Stroke units are specific wards
where stroke patients receive specialised neurological care
by a multidisciplinary team of physicians, nurses and therapists [9]. Currently, many patients with symptoms of
stroke contact a general practitioner, a community hospital
or the emergency call centre. In community hospitals, the
decision for referral to another hospital or in-house therapy
is made after local and/or telemedical neurological evaluation. Referral depends on local resources for a timely
diagnosis, therapy and availability of monitoring capacities. Information concerning the epidemiology and medical
care of cerebral stroke patients in this setting is lacking,
although this is necessary to assess and further improve
stroke care in Switzerland. Because of the lower caseload
and limited diagnostic and therapeutic resources compared
with stroke centres, quality of care and outcome may differ
despite the accessibility of the local service.
The hospital of Uster (ZH) provides care for about 170,000
inhabitants of the region. The caseload between July 2017
and December 2018 was 75,253 outpatients and 15,768 inpatients cases (21,734 and 6270, respectively, in the medical department). Our aim was to investigate the epidemiology and medical care of cerebral stroke patients in the
community hospital of Uster, with the goal of gaining information to improve stroke care in our hospital and in
Switzerland.

Material and methods
Study design and patients
Eligible patients were identified by screening the clinical
information system (CGM clinical) of the Uster Hospital
for the corresponding ICD-10 codes between July 2017
and December 2018. Inclusion criteria were new diagnosis
of ischaemic or haemorrhagic stroke (ICD-10 I60-I66) or
transient ischaemic attack (G45). Patients were excluded
when the diagnosis of stroke was made in another hospital.
Approval from the ethics committee was obtained (Kantonale Ethikkommission Zürich, approvel number
2019-02201). Reporting follows the STROBE Statement,
Version 4 [10].
The study institution cooperates with a local stroke centre,
which is accessible by ambulance within 30 minutes and
provides telemedical consultation. Computed tomography
(CT) perfusion and CT angiography is available at any
time. Physicians, nurses, physiotherapists, occupational
therapists and logopedists are trained in diagnosis, treatment and prevention of stroke complications according to
local protocols. These protocols are in accordance with the
local stroke centre. The intensive care unit (ICU) provides
round-the-clock monitoring and treatment for severe stroke
patients and patients on intravenous thrombolysis [11]. A
Standard Operating Procedure has been implemented in
our institution and a stroke team has been defined, with
training in regular intervals. Before admission, the emergency physician receives a pre-notification of arrival by
the emergency medical services and activates the stroke
team. A rapid registration process allows the door-to-needle time to be shortened. After assessment of the medical
condition in the emergency unit, the patient is transported on the ambulance stretcher to the CT scanner, which
is located in close proximity. After native brain imaging,
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to exclude bleeding and other possible causes, therapeutic
decisions (intravenous alteplase, referral for interventional therapy) are made in accordance with the guidelines and
after telemedical consultation with the stroke centre or inhospital neurologists. Thrombolysis is administered in the
scanner room after the exclusion of contraindications for
thrombolysis.
Data collection
Data from the medical and radiology reports, laboratory
results and electronic or hand-written documentation were
studied for the analysis. We collected general epidemiological data (age, sex), case statistics (date and time of
admission and discharge, length of hospital and intensive
care unit stay). We distinguished strokes that occurred during a hospital stay (in-hospital stroke) from those before
hospital admission (out-of-hospital stroke). We categorised
the place of stay before out-of-hospital strokes into home,
retirement/nursing home, other hospital, other institution.
According to the diagnosis in the discharge report, cases
were classified into three groups: ischaemic stroke, intracranial bleeding and transient ischaemic attack (TIA).
The aetiology of ischaemic strokes and TIAs were classified into Trial of Org 10172 in acute stroke treatment
(TOAST) categories, as large artery atherosclerosis, cardioembolism, small vessel occlusion, stroke of other determined aetiology, stroke of undetermined aetiology [12].
When available from the records, the National Institutes
of Health Stroke Scale (NIHSS) score [13] at first contact
in the emergency unit, after thrombolysis and at discharge
was analysed in all of the ischaemic stroke patients.
In TIA patients, the ABCD2 Score was calculated. The
ABCD2 Score is composed of age, blood pressure, clinical
features, duration of symptoms and the presence of diabetes mellitus. A higher score is associated with a higher
risk of concurrent ischaemic stroke [14]. Intracranial
bleedings were classified as mainly epidural, subdural,
subarachnoid, intracerebral or combined, according to the
radiology report.
In out-of-hospital strokes, patients were divided in subgroups according to time from beginning of symptoms to
presentation in the emergency unit (<3 hours, 3–4.5 hours,
4.5–6 hours, 6–12 hours, 12–24 hours, >24 hours and unknown symptom duration). If duration of symptoms was
not known (especially in wake-up strokes) and no subgroup assignment was possible, the time from symptoms to
admission was labelled as “unknown”. In cases with symptom duration below 4.5 hours (early presentation), duration
of symptoms was specified in minutes if available. Additionally, the interval between presentation and completion
of cranial CT with and without perfusion scanning (doorto-CT time) and the interval between presentation and start
of thrombolysis (door-to-needle time) were assessed.
We collected data about the risk factors for stroke: arterial
hypertension, diabetes mellitus, dyslipidaemia, family history of ischaemic stroke, prior ischaemic stroke, smoking,
overweight/obesity, alcohol consumption, sleep apnoea,
depression, migraine with aura, pregnancy, hormonal contraception, postmenopausal hormone therapy, acute infection, chronic kidney disease, atrial fibrillation [15–17]. For
the evaluation of dyslipidaemia, we also used laboratory
analyses during hospital stay. Atrial fibrillation was doc-
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umented during hospital stay or in ambulatory electrocardiographic monitoring following hospital discharge. We
defined cut-offs for dyslipidaemia (low-density lipoprotein
≥2.5mmol/l, triglycerides >5.2mmol/l, high-density
lipoprotein <1.0mmol/l or current lipid-lowering therapy),
overweight or obesity (body mass index >25 kg/m2), alcohol consumption (>30 standard drinks per month) and
chronic kidney disease (glomerular filtration rate <60 ml/
min/1.73 m2) according to the “Berner Stroke Richtlinien
(Version 2018)” [18]. We further defined smoking as current or former smoking in the last 10 years [19]. We differentiated between diagnosed comorbidities before stroke
and comorbidities diagnosed during inpatient evaluation.
Antiplatelet, anticoagulation and lipid lowering therapy at
diagnosis was registered and compared with medication at
discharge.
We compared the modified Rankin Scale (mRS) scores
[20, 21] before stroke and at hospital discharge. The mRS
is a grading system of functional independence in stroke
patients ranging from 0 to 6.
Scores in the mRS correspond to: 0 no symptoms at all,
1 no significant disability despite symptoms; able to carry
out all usual duties and activities; 2 slight disability; unable
to carry out all previous activities, but able to look after
own affairs without assistance; 3 moderate disability; requiring some help, but able to walk without assistance; 4
moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance; 5 severe disability; bedridden, incontinent,
and requiring constant nursing care and attention; 6 dead.
If the mRS score was not available in the reports, we
categorised patients according to the clinical history and
nurse assessment into mRS groups. Finally, we analysed
the well-known medical complications of stroke (aspiration pneumonia, urinary tract infection, seizures, deep venous thrombosis, pulmonary embolism, pressure ulcers,
falls, [recurrent] ischaemic stroke) [22] and bleeding complications during hospital stay (secondary/recurrent intracranial bleeding, gastrointestinal bleeding, other bleeding).
Statistical analysis
Categorical variables were expressed as absolute numbers
with percentages, normally distributed quantitative variables as mean ± standard deviation and non-normally distributed variables as median with interquartile range
(IQR). Testing of non-normally distributed numerical and
ordinal variables was performed with Wilcoxon signedrank test. Pearson's chi-square or Fisher’s exact test was
used to compare frequencies among groups. All tests were
two-sided and a p-value <0.05 was considered statistically
significant. Missing data were excluded from the analysis.
Statistical analysis was performed with RStudio Version
1.1.463 for Mac.

Results
Epidemiology
Between July 2017 and December 2018, 262 stroke patients were included in the study cohort (4% of all inpatient
medical cases). One patient had to be excluded because he
refused any study participation. Patient characteristics of
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the 261 included patients are shown in table 1. Median age
was 78 years (IQR 68–85); 121 patients (46%) were female. Females were older than men: 82 years (74–87) and
75 years (65–83), respectively, (p <0.001). Eighteen (7%)
patient events occurred during hospital stay. Diagnosis was
classified as ischaemic stroke in 166 (64%), TIA in 46
(18%) and intracranial bleeding in 49 (19%) cases. The aetiology of ischaemic strokes and TIAs were categorised as
large artery atherosclerosis, cardioembolism, small vessel
occlusion, stroke of other determined aetiology, stroke of
undetermined aetiology in 21 (10%), 63 (30%), 22 (10%),
3 (1%), 103 (49%), respectively. Median ABCD2 Score in
patients with a TIA was 4 (3–5). Intracranial bleeding was
classified as intracerebral, subdural or subarachnoid in 20
(41%), 18 (37%) and 8 (16%) patients, respectively. Less
common were epidural or a combination of bleeding in 1
(2%) and 2 (4%) patients, respectively.
Common risk factors were arterial hypertension in 195
(75%), dyslipidaemia in 124 (48%) and overweight/obesity in 102 (39%) patients. Dyslipidaemia and atrial fibrillation were undiagnosed at admission in 47 (38%) and
16 (27%) patients with the corresponding diagnosis at discharge. At admission, antiplatelet therapy, anticoagulation
and lipid lowering medication was recorded in 96 (37%),
43 (16%) and 73 (28%) patients, respectively. Medication
at admission and discharge is shown in table 2. Six patients
(12%) with intracranial bleeding were discharged on antiplatelet therapy (one patient with dual antiplatelet therapy). Three of them were referred to a neurosurgical facility
and did not receive antiplatelet therapy. The other three patients had chronic subdural bleeding and antiplatelet therapy was continued or re-initiated after risk-benefit evaluation. Twenty-seven patients with ischaemic stroke or TIA
did not receive antithrombotic therapy at discharge. Reasons were in-hospital death (12 patients), best supportive
care (2), refusal of antithrombotic therapy (1), ongoing intravenous thrombolysis and referral to a stroke centre (8),
haemorrhagic complications (3), discharge under prophylactic anticoagulation after in-hospital stroke with outpatient re-initiation of a vitamin K antagonist (1). No patient
in this cohort received dipyridamole

Early presentation (within 4.5 hours)
There were 91 (37%) patients who were admitted to the
emergency room with out-of-hospital stroke within 4.5
hours of symptom onset. Fifty-five (60%) were ischaemic
strokes, 23 (25%) TIAs and 13 (14%) bleedings. Time
from onset of symptoms to admission is presented in figure
1 for all patients and in figure 2 for patients who presented
early (within 4.5 hours). Of the latter, 45 (49%) were female, compared with 68 (45%) patients who presented after 4.5 hours of symptom onset (late presentation) (p =
0.56). Median age was 76 years (IQR 67–84) and 79 years
(70–84) in the early and late presenting groups, respectively (p = 0.35). The mRS score did not differ between early
and late presenting patients (p = 0.72). Of early presenting patients, 75 (82%), 15 (16%), 0 (0%) and 1 (1%), respectively, were admitted from home, a retirement/nursing
home, other hospital or other institution, compared with
136 (89%), 13 (9%), 1 (1%) and 2(1%), respectively, of
late presenting patients (p = 0.18). Median time until ad-
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mission in the early presentation group was 86 minutes
(60–120). Median NIHSS score in this group was 5 (3–10)
at admission, 2 (1–3) after thrombolysis and 1 (0–4) at discharge. Median time from admission to CT was 28 minutes
(22–46), including perfusion scanning 48 minutes (40–63).
Thrombolytic therapy was started in 27 patients, representing 49% of patients with out-of-hospital ischaemic stroke
and presentation within 4.5 hours. Median door-to-needle
time was 55 minutes (40–67). Door-to-needle time was
within 60 minutes in 16 (59%) of patients.

Figure 1: Bar plot of time from beginning of symptoms in groups to
presentation in the emergency unit. The group “unknown” represents cases, where group assignment was not possible (e.g.,
wake-up stroke).

Follow up
The median hospital length of stay of treated patients treated in-house was 7.6 days (IQR 4.3–12.5) days. In-hospital
mortality rate was 11%, corresponding to 28 patients. Half
of them had ischaemic strokes and the other half intracranial bleeding. Figure 3 shows the mRS scores for all patients before stroke and at discharge. Median mRS score
Table 1: Patient characteristics in our study grouped as ischaemic strokes, transient ischaemic attacks and intracranial bleedings.
Ischaemic stroke
No. of patients

TIA

Intracranial bleeding

All
patients

Undiagnosed comorbidity

166 (64)

46 (18)

49 (19)

261 (100)

78 (67–85)

78 (73–83)

79 (68–84)

78 (68–85)

Female

76 (46)

26 (57)

19 (39)

121 (46)

In-hospital stroke

17 (10)

1 (2)

0 (0)

18 (7)

Arterial hypertension

127 (77)

36 (78)

32 (65)

195 (75)

10 (5)

Dyslipidaemia

88 (53)

24 (52)

12 (24)

124 (48)

47 (38)

Overweight

73 (44)

16 (35)

13 (27)

102 (39)

0 (0)

Prior ischaemic stroke

49 (30)

16 (35)

5 (10)

70 (27)

9 (13)

Chronic kidney disease

44 (27)

8 (17)

8 (16)

60 (23)

2 (3)

Atrial fibrillation/flutter

46 (28)

7 (15)

6 (12)

59 (23)

16 (27)

Smoking

31 (19)

8 (17)

15 (31)

54 (21)

0 (0)

Alcohol consumption

31 (19)

14 (30)

6 (12)

51 (20)

0 (0)

Diabetes mellitus

34 (20)

4 (9)

7 (14)

45 (17)

0 (0)

Family history (ischaemic)

16 (10)

6 (13)

2 (4)

24 (9)

0 (0)

Depression

18 (11)

1 (2)

4 (8)

23 (9)

3 (13)

Sleep apnoea

10 (6)

2 (4)

5 (10)

17 (7)

2 (12)

Acute infection

9 (5)

1 (2)

4 (8)

14 (5)

0 (0)

Migraine with aura

9 (5)

1 (2)

2 (4)

12 (5)

1 (8)

Pregnancy

1 (1)

0 (0)

0 (0)

1 (0)

0 (0)

Hormone therapy

2 (1)

0 (0)

0 (0)

2 (1)

0 (0)

Oral contraception

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Median age in years (IQR)

Comorbidities

IQR = interquartile range; TIA = transient ischaemic attack Categorical variables are presented as n (%). Quantitative variables are presented as median and interquartile range
in parentheses. Undiagnosed comorbidities at admission are presented as count and percentages of patients with the specific risk factor in total.
Table 2: Medication at admission and discharge according to stroke type.
Ischaemic stroke / TIA
(n = 212)

Intracranial bleeding
(n = 49)

Admission

Discharge

Admission

Discharge

All antithrombotics

108 (51)

185 (87)

25 (51)

6 (12)

Antiplatelet agents

80 (38)

141 (67)

16 (33)

6 (12)

Acetylsalicylic acid

65 (31)

99 (47)

16 (33)

6 (12)

P2Y12 antagonist

20 (9)

47 (22)

2 (4)

1 (2)

Anticoagulation

34 (16)

58 (27)

9 (18)

0 (0)

VKA

21 (10)

12 (6)

5 (10)

0 (0)

UFH

1 (0)

0 (0)

0 (0)

0 (0)

LMWH

0 (0)

2 (1)

0 (0)

0 (0)

DOAC

12 (6)

44 (21)

4 (8)

0 (0)

Lipid-lowering therapy

61 (29)

142 (67)

12 (24)

6 (12)

DOAC = directly acting oral anticoagulant; LMWH = low-molecular-weight heparin; TIA = transient ischaemic attack; UFH = unfractionated heparin; VKA = vitamin K antagonist
Intracranial bleedings were defined as epidural, subdural, subarachnoid, intracerebral or combined intracranial bleeding according to the radiology report. Results are presented
as no. (%).
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before stroke was 1 (0–3) and at discharge 3 (1–4). The
median difference in mRS score calculated as “mRS before
stroke” − “mRS at discharge” was 0 (0–2), but statistically
significantly higher at discharge than before stroke (p
<0.01). In total, 47 (18%) patients were referred to a tertiary hospital for an intervention or ICU admission, when
in-house capacities were exhausted. The referral rate was
14% (23) for ischaemic strokes, 7% (3) for TIA and 43%
(21) for intracranial bleedings. Follow-up by subgroup is
presented in table 3. Complications were reported in 54
(21%) patients, most commonly aspiration pneumonia in
22 (8%) and urinary tract infection in 14 (5%) (table 4).

Figure 2: Histogram of time from beginning of symptoms to presentation in the emergency unit in early presenting patients (≤4.5
hours of symptom onset). Exact time was available for 60 of 91 patients.

Discussion
Herein we demonstrate that about two thirds of our patients
with stroke symptoms did not arrive in the emergency unit
in a timely manner for thrombolytic therapy. The prevalence of risk factors for stroke that were not known or treated before admission was high for dyslipidaemia and atrial fibrillation, and warrants further actions to reduce stroke
incidence. We showed that a community hospital can deliver thrombolytic therapy in a timely fashion and provide adequate care when stroke management is organised
in close collaboration with a stroke centre.
Despite public information campaigns [23], most people
do not reach a hospital in a timely manner (<4.5 hours) and
are therefore not candidates for thrombolysis. In our cohort, only 37% of patients presented within 4.5 hours. This
Figure 3: Modified Rankin scale (mRS) before stroke and at discharge. Median change in mRS (mRS at discharge – mRS before
stroke) was 0 (interquartile range 0–2), p <0.01. Data were available for 249 patients before stroke and 241 patients at discharge
of total 261 patients.

Table 3: Stroke severity and follow-up in all patients and attributed to ischaemic strokes, transient ischaemic attacks and intracranial bleedings.
Ischaemic stroke

TIA

Intracranial bleeding

Total

Admission (n = 138)

3 (1–8)

0 (0–2)

2 (0–5)

2 (0–6)

Discharge (n = 108)

1 (0–2)

0 (0–0)

0 (0–4)

0 (0–1)

Before stroke (n = 249)

1 (0–2)

1 (0–2)

2 (0–3)

1 (0–3)

Discharge (n = 241)

3 (1–4)

1 (0–2)

4 (3–6)

3 (1–4)

Median hospital LOS in days (IQR)

9 (4–14)

3 (2–6)

2 (0–7)

6 (3–12)

Median ICU LOS in days (IQR)

1 (1–2)

0 (0–0)

1 (0–3)

1 (0–2)

In-hospital mortality

14 (8)

0 (0)

14 (29)

28 (11)

Median NIHSS (IQR)

Median mRS (IQR)

ICU = intensive care unit; IQR = interquartile range; LOS = length of stay; mRS = modified Rankin Scale; NIHSS = National Institutes of Health Stroke Scale; TIA = transient
ischaemic atack Categorical variables are presented as n (%). Quantitative variables are presented as median and interquartile range in parentheses. Missing data occurred for
NIHSS and mRS and led to a reduction of analysed cases (n) for these variables.
Table 4: Incidence of in-hospital complications after stroke.
Complication

No.

%

Aspiration pneumonia

22

8.4

Urinary tract infection

14

5.4

Seizure

10

3.8

Fall

10

3.8

Intracranial bleeding

4

1.5

Ischaemic stroke

4

1.5

Pulmonary embolism

2

0.8

Bedsores

2

0.8

Gastrointestinal bleeding

1

0.4

Other bleeding

1

0.4

Deep venous thrombosis

0

0.0

Any complication

54

20.7
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might be because of the higher median age of this population compared with other populations studied [24]. However, we did not find any difference in age, gender, disability before stroke according to the mRS and residence before
stroke. Factors that are associated with delays in the stroke
pathway are low stroke severity, nonspecific symptoms,
no prior history of stroke and low socioeconomic status
[25]. Awareness of stroke by patients or bystanders is associated with reduced admission delays [25, 26]. Therefore
more effort must be made to educate the general population
to recognise symptoms of stroke early and react appropriately, as thrombolysis, started within 4.5 hours, has been
shown to improve neurological outcome [27, 28]. A qualified hospital in close proximity could improve the care of
stroke and stroke mimics.
Our population was generally older (78 vs 67 years) than
the western population of the Interstroke study [24], which
evaluated modifiable risk factors for ischaemic and haemorrhagic stroke, with a slightly higher proportion of females (46% vs 40%) and a higher proportion of haemorrhagic strokes (19% vs 7%). Sex differences in stroke
prevalence and the associated poorer outcome in females
are poorly examined and understood [29]. In our study, we
found no difference in the characteristics of patients who
presented within or after 4.5 hours from symptom onset.
This might be a result of the small sample size. The rate of
cardiovascular and other modifiable risk factors for stroke
was high compared with the Interstroke Study [24], except for a lower prevalence of diabetes mellitus in our cohort. Dyslipidaemia and atrial fibrillation were frequently undiagnosed at admission (38% and 27%, respectively,
of patients with the diagnosis at discharge). This suggest
that primary prevention, in atrial fibrillation, might further reduce the incidence of stroke in this independent elderly population [30]. Lipid-lowering therapy at admission was often missing, but there is some debate about
cost effectiveness still pending in this elderly population
[31]. Our data indicate that even in a high-income country
like Switzerland, the rates of unrecognised risk factors for
stroke are high. Further efforts must be made by primary
care physicians to screen and treat modifiable risk factors
for stroke [17], because their population attributable risk
for stroke is high [24]. Systematic cardiovascular risk assessment is recommended by the European Society of Cardiology (ESC) in men over 40 years and women over 50
years of age (or post-menopausal), repeated at least every
5 years [32]. Opportunistic screening for atrial fibrillation
with pulse taking or an electrocardiogram rhythm strip is
recommended at an age of 65 years [33]. A summary of
the ESC recommendations regarding arterial hypertension,
atrial fibrillation and dyslipidaemia is presented in table 5.
We reported time-delays in the stroke pathway that are
similar to international data from stroke centres. The median door-to-needle time in our patients was 55 minutes (IQR
40–67). The infusion of intravenous alteplase was started

within 60 minutes of presentation in the emergency unit
in 59% of the patients. A single-centre analysis in another Swiss hospital without a neuro-intensive care unit found
a door-to-needle time of 74 minutes in 2004 [36]. Similar
door-to-needle times were reported previously in the United States and Canada [37–39]. A recently published retrospective cohort study by Man et al. reported a median
door-to-needle time of 65 minutes with a wide variability (IQR 49–88 minutes) and a rate of door-to-needle time
within 60 minutes of 44% [40]. A close collaboration with
an associated stroke centre, the close proximity of the CT
scanner and the constant training could have influenced
the time-delay beneficially, despite the relatively low caseload. A stroke management strategy with telemedical support from a stroke centre resulted in a mortality and functional independence at 3 months similar to stroke centres
in a meta-analysis [41]. Consultation of stroke specialists
recently became more important, as evaluation of reperfusion therapy is getting more complex. We do telemedical consultation with neurological specialists of the stroke
centre, which allows us to treat most of the patients (82%)
if invasive therapies are not indicated. Substantially lower
in-hospital delays in thrombolysis less than 20 minutes
were achieved in prospective study settings in Finland, the
Netherlands and South Korea [42–45]. However, quality
measurements inside study settings may not be comparable to “real-world” data. This might be a strength of our
study, which is retrospective in design, documents the real-world setting in the care of the patients in this hospital.
The current guidelines of the American Heart Association
/ American Stroke Association [46] did not specify time
goals, but rather recommend that eligible patients receive
thrombolysis as soon as possible. Despite an association
between higher centre volume and shorter door-to-needle
time [47], a delay in thrombolytic therapy of a median of
30 minutes is possible in community hospitals [48] and
should be aimed for. We believe that close collaboration of
community hospitals with stroke centres could achieve this
goal, because there is no further delay due to transportation
issues.
In our study, the in-hospital complications during stroke
treatment were less frequent than in other reports [22, 49].
Only a Danish registry study reported similar low rates
of complications [50]. There are several possible reasons
for the differences between complication rates. First, we
have a stroke care unit in our hospital with trained nurses,
physiotherapists and systematic screening for dysphagia,
which has been shown to reduce the incidence of aspiration
pneumonia [51]. Nevertheless, aspiration pneumonia was
the most common complication in our cohort, which underlines the need for further improvement in dysphagia
screening and the need to improve the preventive strategies
to reduce the rate. Second, the retrospective study design
may underreport less severe complications (for example,
minor falls). Third, compared with the multicentre study

Table 5: Screening recommendations of the European Society of Cardiology for dyslipidaemia, arterial hypertension and atrial fibrillation.
Cardiovascular risk factor

ESC screening recommendation

Dyslipidaemia

Men >40 years and women >50 years (or post-menopausal) [34]

Arterial hypertension

All adults, repeated at least every 5 years when blood pressure is optimal (<120/80 mm Hg), every 3 years
when blood pressure is normal (120–129/80–84 mm Hg) or annually when blood pressure is high-normal
(130–139/85–89 mm Hg) [35]

Atrial fibrillation

Opportunistic screening in adults ≥ 65 years of age with pulse taking or electrocardiogram rhythm strip [33]
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of Langhorne et al. [22], we generally discharged patients
early into a rehabilitation facility, after a median of 7.4
days, and there was no systematic follow-up after discharge. Finally, the complication rate after stroke seems
to decline with improvement of medical care [49], which
makes comparisons with older studies difficult.
We showed that more than half of the patients with intracranial bleeding were managed conservatively, and the
rate of referral to a clinic with neurosurgical resources was
43%. We have no data about the treatment after referral. At
our institution, we obtain a standardised neurosurgical consultation about all intracranial bleedings for further treatment decisions.
In our population, over 60% of patients had no significant
disability before the onset of the stroke, according to the
modified Rankin Scale (mRS 0–1). At discharge we observed a high rate of disability according to the mRS (fig.
3). Mortality was mainly driven by death after intracranial
bleeding. Many of these patients received palliative therapy in accordance with an advanced care plan. This study
did not aim to investigate stroke outcomes, because of the
short follow-up until discharge and early referral to a rehabilitation facility. Mortality and complications may be
higher during and after rehabilitation. Furthermore, functional recovery can continue for 3 to 18 months after the
onset of stroke [52, 53].
The study has several additional limitations. It is retrospective in design and the absence of standardised reporting
forms makes the results susceptible to underreporting, misclassification and selection bias. We had some missing data that could influence the results. Additional data about
risk factors (e.g., antihypertensive therapy, physical activity) and stroke management (e.g., glucose measurements,
blood pressure, temperature management, fluid administration) were not collected, but are important in the evaluation of quality of care. The number of patients was relatively small, which makes subgroup analyses difficult,
especially for the analyses of patients who presented within 4.5 hours. As mentioned before, the short follow-up
time, especially the absence of 3-month outcome data limits the validity. The treatment should be evaluated prospectively to further improve stroke care in community hospitals and evaluate the cost of care in comparison with
stroke centres. The generalisability of the results is limited
owing to the specific setting of this single-centre survey.
First, probably not all patients with symptoms of stroke
were admitted to our hospital. Although the emergency
medical service that is affiliated to the study centre does
not use triage criteria, direct admission to a stroke centre
will be more likely in parts of the area that are close to
the stroke centre, especially for patients with severe symptoms or suspected of intracranial bleeding. Second, results
may not be comparable with other hospitals that do not use
telemedical consultation with a stroke centre.

Conclusion
Our findings support further education of the population in
recognition of stroke symptoms and assessment of cardiovascular risk factors according to guidelines. Telemedical
cooperation with a local stroke can result in adequate quality of care and collaboration with a stroke centre is crucial
for evaluation of reperfusion therapy.
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