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“The cost of a thing is the amount of what I will call life
which is required to be exchanged for it, immediately
or in the long run.”
- Henry David Thoreau, Walden
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Abstract
Background Acute stroke carries a high risk of morbidity and death, but early
treatment can improve outcomes. Intravenous stroke thrombolysis (IVT) is one
such treatment, it is however time-sensitive and show better outcomes the sooner
it is given. Most studies on time to IVT so far have looked at fixed time-intervals,
and studies of short delays in clinical practice are relatively scarce. Another wellestablished treatment is managing acute stroke patients in stroke units (SU).
Admission rates to a SU as first destination of hospital care have improved over
time in Sweden. In the past decade however, the rates have leveled out at around
75-80% without further improvement. A hypothesis is that in-hospital
overcrowding contributes. Previous studies have shown that outcomes after
stroke differ between hospital types, and also vary depending on time of
admission, with higher mortality seen for off-hours, weekend and winter
admissions. The reasons behind temporal variations are not fully understood, but
it has been proposed that environmental, patient-related and organizational
factors contribute. The overall aim of this thesis was to study the effect of
organizational factors on quality of care and outcomes after stroke, primarily
focusing on the role of in-hospital overcrowding, in-hospital time to IVT and time
of admission, while also studying differences between hospitals.
Methods All papers in this thesis were based on data from the Swedish stroke
register (Riksstroke), a national quality register that holds data on patient related
factors, acute care and outcomes. Paper I included 13,955 patient admissions
from 14 hospitals in Region Norrbotten and Region Skåne from 2011-2014,
enriched with data on in-hospital bed occupancy. Papers II-IV included all 72
Swedish hospitals caring for patients with acute stroke. Paper II included data
from 2011-2015 (N=113,862), paper III from 2011-2016 (N=132,744) and paper
IV from 2010-2017 (N=14,132). Analyses included descriptive statistics,
unadjusted analyses and multivariable adjusted analyses.
Results We found that each percent increase in in-hospital bed occupancy above
85% decreased admission rates to a SU as first destination of hospital care by 1.5%
(odds ratio (OR) 0.985, 95% confidence interval (CI) 0.978-0.992), with
significant differences between hospitals. Admission rates were also lower offhours, compared to on-hours (OR 0.73, 95% CI 0.70-0.75). Over time, admission
rates to a SU as first destination of hospital care decreased in university hospitals,
while they increased in specialized non-university hospitals and community
hospitals. Each minute delay in door-to-needle time (DNT) decreased the odds of
90-day survival by 0.6% (OR 0.994, 95% CI 0.992-0.996), increased the odds of
ICH within 36 hours by 0.3% (OR 1.003, 95% CI 1.000-1.006), and led to
significantly higher odds of a worsening in functional outcomes at 3 months by
iii

0.3-0.4%. DNT within 30 minutes was most likely daytime, and varied between
hospital types. 90-day survival was lowest for patients admitted in January
(81.5%), and highest for those admitted in May (84.1%) (OR 1.28, 95% CI 1.171.40).
Conclusion We found that in-hospital overcrowding decrease admission rates
to a SU as first destination of hospital care, and that even short delays in DNT
decreases survival, increases ICH complications and leads to a worsening in
functional outcomes in routine clinical practice. We also found that quality of care
varied depending on time of admission and between hospitals, indicating unequal
care. Organizational differences should be accessible through quality
improvement efforts aiming to implement robust local guidelines for in-hospital
stroke treatment.
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Original papers
This thesis is based on the following papers
I

II
III
IV

Darehed D, Norrving B, Stegmayr B, Zingmark K, Blom M. Patients
with acute stroke are less likely to be admitted directly to a stroke
unit when hospital beds are scarce: A Swedish multicenter register
study. European Stroke Journal. 2017;2:178-186.
Darehed D, Blom M, Glader E-L, Niklasson J, Norrving B, Bray BD,
Eriksson M. Diurnal Variations in the quality of stroke care in
Sweden. Acta Neurologica Scandinavica. 2019; 140: 123-130.
Darehed D, Blom M, Glader E-L, Niklasson J, Norrving B, Eriksson
M. Time Trends and Monthly Variation in Swedish Acute Stroke
Care. Frontiers in Neurology. 2019;10(1177).
Darehed D, Blom M, Glader E-L, Niklasson J, Norrving B, Eriksson
M. In-hospital delays in stroke thrombolysis – Every minute counts.
Submitted.

The papers are referred to in the text by their roman numerals (I-IV) and
appended in the end of this thesis. Papers I-III were reproduced with permission
from the publishers.
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Abbreviations
ADL

Activities of daily living

AF

Atrial fibrillation

IS

Ischemic stroke

CI

Confidence interval

CT

Computed tomography

DAG

Directed acyclic graph

DNT

Door-to-needle time

ED

Emergency department

EMS

Emergency medical services

ICD

International Classification of Diseases

ICH

Intracerebral hemorrhage

IVT

Intravenous stroke thrombolysis

MRI

Magnetic resonance imaging

NIHSS

National Institutes of Health Stroke Scale

NPR

National patient register

ODT

Onset-to-door time

OECD

Organisation for Economic Co-operation and Development

ONT

Onset-to-needle time

OR

Odds ratio

RLS

Reaction level scale

SEK

Swedish krona

SU

Stroke unit

TIA

Transient ischemic attack

QALY

Quality adjusted life year
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Populärvetenskaplig sammanfattning
Bakgrund
Akut stroke kan leda till bestående funktionsnedsättning och död. Man kan
minska risken att drabbas av stroke, bland annat genom förändringar i livsstil och
genom läkemedelsbehandling. Antalet som drabbas av stroke i Sverige har
minskat från ca 30 000 till ca 25 000 per år från 2010 till 2017. För de som
drabbas av stroke finns det effektiv behandling.
En sådan behandling är vård på en så kallad strokeenhet, vilket har visats ge
minskad dödlighet, ökad funktionsnivå samt minskat behov av institutionsvård
efter stroke. En strokeenhet är en organiserad slutenvårdsenhet som helt, eller
nästintill helt och hållet, tar hand om patienter med stroke. Denna
slutenvårdsenhet sköts av ett multidisciplinärt team speciellt kunniga inom
strokevård. Socialstyrelsen rekommenderar att alla patienter som drabbas av
stroke ska vårdas på en strokeenhet som första vårdenhet på sjukhuset, men
tyvärr får inte alla patienter tillgång till detta. En möjlig orsak till detta kan vara
brist på vårdplatser.
En annan vedertagen behandling vid stroke är att ge ett blodproppslösande
läkemedel, så kallad trombolys, vilket ökar funktionsnivå och överlevnad på lång
sikt efter stroke. En nackdel med trombolys är att det ger en ökad risk för
hjärnblödning och tidig död. Effekten av behandlingen är bättre ju snabbare den
ges, och patienter som behandlas inom 3 timmar får bättre effekt än de som
behandlas senare. Efter 4,5 timmar är trombolys inte rekommenderad då de
positiva effekterna inte bedöms överväga riskerna. De flesta studier har bedömt
effekten av behandlingen utifrån fasta tidsgränser, så som 3 eller 4,5 timmar, och
endast ett mindre antal studier har studerat kortare tidsintervall.
Tidigare studier har visat att kvaliteten på vården, samt hur bra det går för
strokepatienter, kan bero på tidpunkten när patienten inkommer till sjukhuset.
Bland annat har man i vissa studier sett en ökad dödlighet om man inkommer
jourtid och under helger, samt om man insjuknar på vintern. Även
organisatoriska faktorer kan påverka, i studier från USA och Finland har man sett
att patienter överlever i större utsträckning om de vårdas vid ett sjukhus som är
speciellt certifierat för strokevård, jämfört med om man vårdas vid ett sjukhus
som inte är det.
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Syfte
Det övergripande syftet med denna avhandling var att studera om
organisatoriska faktorer påverkar vårdkvalitet och utfall för strokepatienter, med
ett primärt fokus på överbeläggningar, tid till trombolys, ankomsttid till
sjukhuset samt om det finns skillnader mellan olika typer av sjukhus. De specifika
frågeställningarna var:
•
•

•
•

Har patienter med stroke lägre chans att bli inlagda direkt på en
strokeenhet om det råder vårdplatsbrist på sjukhuset?
Hur påverkas risken för död, hjärnblödning och funktionella utfall av
varje minuts fördröjning från det att patienten inkommer till sjukhuset,
till det att patienten får trombolys?
Hur påverkas överlevnad och vårdkvalitet av tidpunkt då patienten
inkommer till sjukhuset?
Finns det skillnader i vårdkvalitet mellan olika typer av sjukhus?

Material och metoder
Alla ingående delarbeten i denna avhandling baseras på data från det nationella
kvalitetsregistret Riksstroke, där drygt 90 % av alla patienter som vårdas på
sjukhus för akut stroke i Sverige registreras. I registret finns bland annat
information om tid för ankomst till sjukhus, information om patienten, samt
information om vårdprocesser och behandlingar i akutskedet. Registret
innehåller också en uppföljning vid 3 och 12 månader efter stroke. Alla patienter
som studerats i denna avhandling drabbades av stroke mellan 2010 till 2017, med
viss variation mellan de olika studierna.
I den första studien är data endast inhämtad från Region Norrbotten och Region
Skåne, kompletterade med information om vårdplatstillgång i respektive Region.
De övriga studierna är gjorda på nationella data. Totalt inkluderades 13 955
insjuknanden i stroke i den första studien, 113 862 i den andra studien, 132 744 i
den tredje studien och 14 132 i den fjärde studien. Data bearbetades statistiskt
med bland annat multivariabla regressionsmodeller.

Resultat
Andelen patienter som blev inlagda på en strokeenhet som första vårdenhet
minskade med i genomsnitt 1,5 %, för varje procents ökning i beläggningsgrad
över 85 %. Vi såg också en variation mellan olika sjukhus, vilket antyder att
vårdprocesserna för akut stroke inte är lika robusta på alla sjukhus. Andelen
inlagda på en strokeenhet som första vårdenhet varierade även beroende på
ankomsttid till sjukhuset, där bland annat de som inkom jourtid i lägre
utsträckning blev inlagda. Det sågs även en skillnad mellan olika typer av sjukhus,
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där andelen inlagda på universitetssjukhusen minskade över tid, medan andelen
ökade något på mellanstora och små sjukhus.
Varje minuts fördröjning till trombolys på sjukhuset minskade överlevnaden
efter 90 dagar med 0,6 %, ökade risken för hjärnblödning inom 36 timmar med
0,3 %, samt ökade risken för en försämring i självständighet med 0,3 %, rörlighet
med 0,4 % och boende med 0,4 %, 3 månader efter stroke. Från 2011 till 2016
sågs en ökad andel trombolys samt kortare tid till trombolys, vilket indikerar att
vårdprocesserna för akut strokeomhändertagande har mognat över tid. Patienter
som inkom dagtid fick trombolys snabbare, jämfört med de som inkom på kvällen
och natten. Det sågs även skillnader mellan olika typer av sjukhus där flest
patienter fick trombolys snabbt på universitetssjukhusen. Mellan olika månader
sågs störst dödlighet för de patienter som inkom i januari, medan patienter som
inkom i maj överlevde i störst utsträckning.

Diskussion
Ett försämrat omhändertagande i form av att färre patienter med stroke läggs in
på strokeenhet som första vårdenhet vid ökad beläggningsgrad är negativt, i
synnerhet då denna vårdform så tydligt har visat sig förbättra utfall efter stroke.
Det är dock positivt att vissa sjukhus, trots vårdplatsbrist, är bättre än andra på
att lägga in patienter på strokeenhet. Detta tyder på att det finns lärdomar att dra
från sjukhus med mer robusta vårdprocesser som kan implementeras på sjukhus
där variationen i utfall är större. En framgångsfaktor var enligt det bästa
sjukhuset i studien att man hade ett system med en prioriteringslista, där
patienter som bedömdes kunna gå till en annan avdelning än strokeenhet
flyttades om det var fullt på strokeenheten när en ny patient behövde läggas in.
Att färre patienter får trombolys snabbt under kvällar och nätter jämfört med
dagtid beror sannolikt framförallt på organisatoriska faktorer. En hypotes är att
man har lägre kompetens och lägre bemanning på akutmottagningen under
jourtid, vilket gör att patienter i större utsträckning får vänta. Detta bör vara
möjligt att förbättra genom att se över bemanning och kompetens på
akutmottagningen. Försämringen i utfall per minuts fördröjning till trombolys
låter inte så anmärkningsvärda, men om man tar hänsyn till det stora antalet
personer som drabbas av stroke samt att mediantiden till trombolys minskade
från 65 minuter 2010 till 38 minuter 2017, så blir utfallen stora. En estimering
visar att de kortare tiderna medför att 44 patienter färre dog, 9 patienter färre
drabbades av hjärnblödning, 52 patienter fler bevarade sin ursprungliga
aktivitetsförmåga, 80 patienter fler kunde bo kvar i befintligt boende samt 83
patienter fler bevarade sin rörlighet år 2017 jämfört med år 2010 i Sverige.
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Sammanfattning
Vi har i denna avhandling kunnat visa att andelen patienter med stroke som läggs
in på en strokeenhet som första vårdenhet på sjukhuset minskar vid ökad
beläggningsgrad, och att även väldigt små förseningar i tid till trombolys på
sjukhuset minskar sannolikheten för överlevnad, ökar risken för hjärnblödning
samt försämrar funktionella utfall. Att vårdkvalitén för strokepatienter skiljer sig
beroende på ankomsttid samt mellan olika sjukhus indikerar att det finns en
ojämlikhet i det akuta omhändertagandet. Dessa fynd bör kunna nyttjas i
framtida kvalitetsförbättringsarbeten, med målet att implementera robusta
vårdprocesser för behandling av stroke.
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Introduction
General introduction
A brief history of stroke
A medical condition resembling stroke was first recorded in writings by
Hippocrates almost 2500 years ago, although back then it was described by the
term apoplexy, which translates to “struck with violence”.1 Hippocrates
description of the condition was rather broad and incorporated many aspects of
acute medical conditions with sudden and violent onset, including urinating
without awareness, impaired speech and perception, sudden head pain, paralysis
and even death.2
The modern word stroke was first recorded in 1599 when “an excellent
Cinnamome water” was recommended as a remedy “for the stroke of Gods
hande”.3 This term was however not routinely used until the mid-20th century. In
the 17th century a Swiss physician observed that apoplexy was associated with
intracerebral hemorrhage (ICH).4
Definitions
Since the 17th century, our understanding of stroke have increased. In the last
decades for example, neuroimaging have improved the possibilities to correctly
diagnose and classify a stroke. Strokes can be classified into two main categories,
ICH and ischemic strokes (IS).5 These categories can be further classified into
many more subtypes.6 In this thesis however, further subclassifications are not
used. In the latest iteration of the International Statistical Classification of
Diseases and Related Health Problems (ICD-11) the two main categories are
defined as:
•

•

IS: “Acute focal neurological dysfunction caused by focal infarction at
single or multiple sites of the brain. Evidence of acute infarction may
come either from a) symptom duration lasting more than 24 hours, or b)
neuroimaging or other technique in the clinically relevant area of the
brain. The term does not include infarction of the retina.”7
ICH: “Acute neurological dysfunction caused by hemorrhage within the
brain parenchyma or in the ventricular system.”7

Global and national burden of stroke
In 2016, stroke was the second leading cause of death and disability worldwide.8
The lifetime risk of suffering a stroke is around 25% from the age of 25 and
1

onwards.9 Worldwide, it is estimated that there are around 80 million stroke
survivors. 8
In Sweden, the number of strokes (both first and recurrent) measured as patients
receiving hospital care, have declined from around 29,000 per year in 2010 to
around 23,000 per year in 2017.10 According to the National Swedish Stroke
Register (Riksstroke), ⁓86% of all strokes were ischemic, ⁓13% were hemorrhagic
and ⁓1% undefined in 2017.11
Mortality rates and the rates of dependency in activities of daily living (ADL) (for
previously ADL independent patients), 3 months after the stroke are both
approximately 17%.11 It is estimated that there are around 100,000 stroke
survivors in Sweden today, of whom 20,000 are in some way dependent in help
from others.12
Stroke symptoms and diagnosis
The diagnostic procedure for both IS and ICH is the same. Stroke symptoms
typically presents with a sudden onset of focal neurological deficit, reaching
maximum intensity immediately.13 The most common symptoms of the focal
neurological deficits arising from strokes are arm weakness, leg weakness and
speech disturbances.14
It is clinically impossible to differ between and IS and ICH, and hence there is
need for neuroradiology for correct diagnosis and treatment.15 This most
commonly includes either a computed tomography (CT) scan or magnetic
resonance imaging (MRI). While the primary purpose of neuroimaging is to
distinguish between an IS and ICH, it is also used to rule out other kinds of lesions
(for example tumors) that could mimic or give rise to a stroke.14
Risk factors
Several risk factors for stroke are identified, which can be categorized as either
modifiable or non-modifiable.16 The most common non-modifiable risk factors
are the same for both IS and ICH, including male sex, high age, genetics and
ethnicity.16 For both IS and ICH, a large study from 2016 including 32 countries
found that around 90% of the risk for stroke, in all parts of the world, for men
and women alike, in all ages and in all ethnic groups, could be attributed to just
10 modifiable risk factors.17 These risk factors were:
•
•
•
•

Previous history of hypertension or blood pressure above 140/90
Physical inactivity
Diet
Waist-to-hip ratio
2

•
•
•
•
•
•

Apolipoprotein levels
Alcohol consumption
Current smoking
Diabetes mellitus
Psychosocial factors
Cardiac causes (mostly atrial fibrillation (AF))

Of these, hypertension was the most potent risk factor, especially for the risk of
ICH. Risk factors more associated with IS were diabetes, smoking, cardiac causes
and apolipoprotein levels.17

Stroke prevention and acute care
Primary and secondary prevention
Stroke prevention is, due to the modifiable risk factors, essential in reducing the
number of strokes and improving outcomes. Prevention is subdivided into
primary prevention, which is prevention before a person gets a stroke, and
secondary prevention, which is prevention after a stroke. Some of the most
important preventive strategies are lifestyle changes promoting a healthy diet,
adequate physical activity, smoking cessation, improved waist-to-hip ratio and
psychosocial interventions such as reducing stress.
While lifestyle changes are often enough in primary prevention, secondary
prevention most often requires pharmacotherapy. According to the latest
guidelines in Sweden, antihypertensive treatment should be given to all stroke
patients with high priority. This is supported by a large meta-analysis on the
benefits of blood pressure lowering drugs to patients with a baseline systolic
blood pressure of 130 mmHg or more.18, 19
Treatment for high blood-lipid levels should also be given, and the national
guidelines gives a high priority for so-called statins after IS.19 Another important
therapy is antiplatelet drugs, which inhibits platelets from sticking together to
form a blood-clot. This should be given as a so-called dual antiplatelet therapy
with aspirin and clopidogrel in combination, during the acute phase (which
according to a meta-analysis would be somewhere between 10-21 days) after the
stroke.19, 20 After the acute phase, single platelet therapy is recommended with
either aspirin or clopidogrel.19
Some special cases regarding treatment are embolic IS originating either from the
heart, then most often associated with AF, or from the neck arteries (mainly the
carotids). For an embolic IS originating from the carotid arteries, carotid surgery
3

is recommended within 14 days from stroke onset.19 If a patient suffers from AF,
another kind of blood-clot inhibiting drugs, called anticoagulation drugs, are
recommended.21 However, these drugs carries an increased risk of adverse
bleedings, and should be given only after an assessment of the risk of an IS for
the individual patient, most commonly by the CHA2DS2-VASc risk calculator.21,
22

Stroke unit care
Even though primary and secondary prevention is optimized, the risk of a stroke
can never be eliminated. Hence, acute care is also necessary to optimize outcomes
for patients who suffers from a stroke. It is well established that managing stroke
patients in wards specialized in stroke care, so called stroke units (SU), increase
survival, independence and living at home one year after the stroke.23
Studies of the long-term effect of SU care have also shown that the positive effects
remains up to 10 years after the stroke.24, 25 It should be noted that the evidence
regarding the positive effects of SU care is limited to care at any time during the
hospital stay, i.e. not for admission to a SU as first destination of hospital care.
However, due to the vast amount of evidence supporting the benefits of SU care,
the National Board of Health and Welfare in Sweden gives their highest priority
level for SU care even as first destination of hospital care for stroke patients, while
also stating that caring for stroke patients in a non-SU is against the
recommendations and should be avoided.26
The definition of a SU is subject to some variation globally, although the concept
is the same with a focus on acute care for stroke patients.27, 28 The main features
of a SU is that it consists of a multidisciplinary team with good stroke knowledge
caring for the patients in a special ward.29 The approach to stroke care is also
similar and is often characterized by:29-31
•

•
•

Assessment of medical (CT-scan, ECG, patient history and examination,
blood tests), nursing (general nursing needs, vital signs, testing of
swallowing), rehabilitation (physiotherapy and occupational therapy
assessment) and therapeutic needs (pharmacological, surgical).
Early management policies, for example early rehabilitation, risk factor
optimization and avoidance of possible complications.
Rehabilitation policies including a plan for the acute care and planning
for discharge.
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According to Riksstroke, a SU in Sweden is defined as:
“An organized in-hospital facility that entirely (or next to entirely) is devoted to
care for patients with stroke. It is staffed by a multidisciplinary team with special
knowledge in stroke care”.32
The multidisciplinary team in SU care consists of physicians, nurses, assistant
nurses, physiotherapists, occupational therapists, speech therapists, counselors
and dietitians. Time-wise, all professions except for physicians, nurses and
assistant nurses typically only work regular hours on weekdays, and are not
available during evenings, nights, weekends and holidays.
An overview of the organization of stroke care in Sweden found that in 2016, 63
out of the 72 hospitals that care for acute stroke patients had a ward that entirely
fulfilled the criteria of a SU, while 8 out of 72 had a ward that partly fulfilled the
criteria. Only one hospital did not have a ward that entirely or in part fulfilled the
criteria for SU care.33 Some patients with more severe strokes may need intensive
care or neurosurgical interventions. Hence, according to Riksstroke, care in
intensive care units (ICU) and neurosurgical wards are also regarded as SU care.11
Reperfusion therapies
Apart from SU care, restoring blood flow is essential in achieving good outcomes
for patients suffering from an IS. The most important reperfusion therapy for this
thesis is intravenous stroke thrombolysis (IVT). The two main inclusion criteria’s
for IVT is that the patient has an IS (i.e. an ICH must be excluded through
neuroimaging), and that the time from symptom onset must be less than 4,5
hours.19, 34
IVT is given as an intravenous fluid, and the dosage depends on the weight of the
patient. The mechanism of action is that blood clots (thrombi) are dissolved
(lysed) by activating plasminogen, which in turn forms into plasmin, an enzyme
that breaks down crosslinks in the blood clot, destabilizing the blood clot until it
eventually dissolves.35 However, by being a systemic drug that affects the whole
body, it does not just dissolve the blood clot that caused the stroke, but can also
adversely dissolve other blood clots in the body, increasing the risk of adverse
hemorrhages and early deaths.34
Due to the risk of adverse effects of IVT, not all patients with an IS receives this
treatment. To minimize the risk of a hemorrhage, each patient is assessed
individually for the risk of an adverse event. Some of these risks include severe
uncontrolled hypertension, ongoing anticoagulation treatment, recent and active
hemorrhages and recent major surgery.36 It is the physician that makes the
5

decision whether or not the patient should receive IVT, ideally in compliance with
the patient.
Apart from IVT, another reperfusion therapy available is thrombectomy, which
have emerged mostly since 2015 when three different studies showed that it had
positive effects on mortality and independence.37-39 Thrombectomy is however
not studied in this thesis and will not be covered further.
Time to reperfusion
In an acute IS, it is estimated that approximately 1.9 million neurons die each
minute, highlighting the urgency of the disease.40 Randomized controlled trials
(RCT) of IVT has shown that patients treated within 3 hours benefit substantially
more than those treated later.34 However, as shown by a pooled analysis of nine
RCTs, IVT significantly improved the odds of disability free survival at 3-6
months after the stroke if given within 4,5 hours from symptom onset.41 Although
not yet in routine clinical practice, a relatively recent study have shown that IVT
can be given up to 9 hours after symptom onset in patients with salvageable brain
tissue, measured by a special automated perfusion imaging performed in the CT
scan.42 During the study periods included in this thesis, 4.5 hours from symptom
onset was the upper time-limit for IVT.
Most RCTs so far have looked at fixed time intervals (for example 3 hours, 4,5
hours, 6 hours etc.), and most have looked at time from symptom onset to IVT
(onset-to-needle time (ONT)).34 However, the pooled analysis mentioned above
estimated the effect per minute on good stroke outcome (measured as 0-1 on the
modified Rankin Scale) and found that the effect was better the sooner IVT was
given.41
Observational studies of time to treatment in routine clinical settings have
followed the RCTs, but are mostly relatively small studies. However, a few larger
studies do exist. A good example is a study from the USA that found reduced inhospital mortality, reduced risk of ICH, increased independence and increased
discharges to home for every 15 minute reduction in ONT.43 Another example is
an observational study that quantified the effects of a quality improvement effort,
and found that a reduction in in-hospital delays to IVT (door-to-needle time
(DNT)) from 77 to 67 minutes increased survival and discharge rates to home,
and decreased the risk of ICH.44 A study from Finland and Australia estimated
lifetime benefits per minute reduction in ONT, and found that each minute
reduction granted on average 1.8 days extra of healthy life.45
IVT rates in Sweden have increased from ⁓5 % in 2010, to ⁓14 % in 2018.46
Reperfusion therapy rates is a quality indicator in stroke care, with a national
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target that at least 20 % of all patients receive IVT and/or thrombectomy.46, 47 One
of the most common reasons that the patient is not eligible for IVT is that the
patient arrives too late. In 2018, only 34% of all stroke patients arrived at the
hospital within 3 hours, and only 40% within 4,5 hours.46

Organizational factors
Hospital beds and in-hospital overcrowding
From 2010 to 2017, the number of somatic acute care hospital beds in Sweden
decreased from 2.50 to 2.04 per 1,000 inhabitants, which according to the
Organisation for Economic Co-Operation and Development (OECD) is the lowest
number of all countries in the European Union. The only countries with lower
numbers per capita in 2017 in the whole of OECD were Chile, Canada and Mexico
(respectively 1.99, 1.96 and 1.38 per 1,000 inhabitants).48 According to OECD, the
number of hospital beds provides an indication of the resources available for
delivering services to inpatients.49
If considering all available hospital beds in 2017, the number in Sweden was 2.22,
while across all OECD countries, the average number of beds was 4.7 per 1,000
inhabitants.48, 49 The trend observed from 2010 to 2017 is not new. In 1987 the
number of acute care hospital beds was 6.52 per 1,000 inhabitants, meaning that
in 30 years, approximately two thirds of all acute care beds have disappeared.48
High bed occupancy rates is symptomatic of a health system under pressure, and
can lead to bed shortages.49 A study on the optimal occupancy rate for a hospital
found that an average rate of 85% is a good compromise between resource
utilization and the risk of not having a bed available for a patient requiring
immediate admission if the need for beds suddenly rises, while hospitals with
rates approaching 90% or over can expect regular bed shortages and periodic bed
crises.50
Previous evidence suggest that increased in-hospital occupancy rates leads to an
increased risk of infections, increased mortality, higher number of emergency
department (ED) readmissions and increased delays in the ED.51-54 A systematic
review of hospital capacity strain in high income countries found that hospital
capacity strain was associated with increased mortality and worsened health
outcomes.55
Empirical evidence suggests that hospitals start admitting patients to different
wards than their optimal ward, just to find a bed for them when the hospital is
overcrowded.56 We had a hypothesis that this would impact stroke patients by
having other patients being admitted to SU beds, and hence denying stroke
7

patients access to a SU. However, a search for studies on the effect of in-hospital
overcrowding (excluding ED overcrowding) on quality of care and outcomes
yields relatively few results, and none that we found had studied stroke patients.
An overview of some of these studies are summarized in table 1.
Table 1. A summary of studies of the effect of in-hospital overcrowding on outcomes in adult patients
(ED-overcrowding is excluded).

AUTHOR

TYPE OF
STUDY

NUMBER
OF
PATIENTS

OUTCOMES

MAIN
FINDINGS

AHYOW
(2013)52

Retrospective
multicenter (3
sites)

1,589

Clostridium
difficile
infection

Increased
infection rates

BLOM
(2015)53

Retrospective
single center

32,811

Readmission
to ED within
30 days

Increased risk of
readmission

HOWIE
(2008)57

Retrospective
single center

619

Methicillinresistant
Staph. aureus
incidence

Increased
incidence

KRALL
(2009)58

Retrospective
single center

-

Waiting time
from ED to inhospital ward

Increased
waiting times in
the ED

LAPICHINO
(2004)59

Prospective
multicenter
observational
study

12,615

Mortality in
ICUs

Increased
mortality

MADSEN
(2014)51

Retrospective
nationwide
cohort study

2,651,021

Mortality

Increased
mortality

SCHILLING
(2010)60

Retrospective
regional study

166,920

Mortality

Increased
mortality

SPRIVULIS
(2006)61

Retrospective
multicenter (3
sites)

62,495

Mortality

Increased
mortality

VIRTANEN
(2008)62

Retrospective
multicenter
(16 sites)

7,340

Antidepressant
treatment in
hospital staff

Increased use of
antidepressants
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Hospital level of specialization
Another organizational factor that may impact stroke care is the type of hospital
that the patient is admitted to. An observational study from the USA found that
patients with IS admitted to stroke centers, compared to non-stroke centers,
more frequently received IVT and had lower mortality rates.63 A study from
Finland found lower mortality rates for up to nine years in stroke patients after
admission to comprehensive stroke centers and primary stroke centers,
compared to general hospitals.64 ICH patients also benefit from stroke center
care. A study from the USA found that patients with ICH admitted to
comprehensive stroke centers were more likely to receive neurosurgical and
endovascular treatments compared to those admitted to less specialized
hospitals.65
A Swedish study from 2015 compared quality of care and outcomes for stroke
admissions between university hospitals, specialized non-university hospitals
(hospitals with a wider range of specialties and diagnostic procedures than
community hospitals) and community hospitals (only basic inpatient specialties
like surgery, internal medicine, laboratory, x-ray and anesthesiology).66 This
study found that university hospitals had the shortest median DNT, and the
highest rates of MRI, carotid imaging and thrombectomy. It also showed that
follow-up and secondary prevention with antihypertensive drugs was less
frequent at university hospitals, while community hospitals had the lowest rates
of patients that were dissatisfied with their rehabilitation.66

Temporal factors
Off-hours and weekly variation
A meta-analysis from 2016 found that 20 out of 28 studied diseases showed
significantly higher mortality rates for patients admitted off hours.67 A metaanalysis of off-hour presentations and outcomes in acute myocardial infarctions
also found that quality of care was lower off-hours, by lower odds of percutaneous
intervention within 90 minutes and longer door to balloon times.68
Weekend presentations in different diseases have also been shown to be
associated with higher mortality rates, as found by a meta-analysis including over
50 million patient admissions.69 Although much evidence points towards a
difference, it should be noted that there is heterogeneity between studies, and the
magnitude of the impact on different diseases and outcomes varies.70, 71
Regarding stroke patients, a meta-analysis of 21 studies found that survival and
functional status after the stroke was lower for off-hours presentations, compared
to on-hours presentations.72 There are also some evidence pointing to a weekend
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effect for stroke patients, with lower quality of care and survival for weekend
admissions.73 It has also been shown that holidays are associated with increased
mortality rates.74
To fully understand how time of admission affect stroke patients, both in terms
of quality of care and outcomes, there is a need to study not only on-hours vs offhours, or weekends vs weekdays, but also what happens throughout the whole
week, and preferably also between months and over time. A study from England
that studied the whole week found no less than four different patterns of time
affecting stroke patients throughout the week.75 However, just like hospital
admissions in general, there is also heterogeneity between studies of stroke
care.76, 77
A large study from the USA compared the resilience to temporal variation
between different hospital types for patients with IS, and found no temporal
variation in mortality at comprehensive stroke centers between weekdays and
weekends, while less specialized hospitals showed an increase in mortality for
weekend admissions.78 There are no studies on temporal resilience in stroke care
between hospitals in Sweden that we are aware of.
Monthly variation
Some diseases, including respiratory, cardiovascular, cerebrovascular and
infectious (pneumonia and influenza) diseases, shows a seasonal pattern where
higher mortality rates are observed during the winter in the USA.79 Other types
of diseases do not show this pattern, for example lung cancer.79 Seasonality in
diseases are proposed to be driven by environmental factors, where temperature
is one of the main factors.79, 80
Cold temperature is associated with hemodynamic and hemostatic changes,
including blood viscosity, hemoglobin and platelet count, cortisol levels and
coagulation factors.81 It has also been shown that cold temperature and daylight
hours is associated with blood pressure changes.82 These factors, as well as a
higher risk of post-stroke infections, are proposed to contribute to the increase in
mortality seen in stroke during winter.83
Increased mortality rates during the winter have also been observed in many
other countries in the northern hemisphere, with the same pattern for countries
on the southern hemisphere although in their wintertime.84-86 From Sweden,
there is only one single-center study on seasonality for stroke patients which
showed a peak in mortality rates in the winter.87
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Longitudinal trends
Over time, stroke care in Sweden is dynamic. As mentioned previously, incidence
rates have decreased, as well as the number of hospital beds. This is also true for
SU beds, where a report from Riksstroke found that the number of SU beds had
decreased by approximately 10% from 2010 to 2016.33
Other examples of changes that have happened over time in Sweden is that the
rates of IVT have increased, and DNT have decreased.46 Please see figure 1 for a
summary of some of the longitudinal trends related to this thesis, data are derived
from OECD and Riksstroke.48, 88

Figure 1. Longitudinal trends for some of the variables important in the context of this thesis
(admission to a stroke unit as first destination of hospital care, intravenous stroke thrombolysis
rates, median door-to-needle time in minutes and acute care beds per 10,000 inhabitants in
Sweden).
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Summary of introduction
Here is a summary of the main points of the introduction, which is important for
the context of this thesis and the gaps in knowledge it aims to fill:
















In-hospital bed capacity of acute care beds in general, and SU beds in
particular, have decreased over time in Sweden.
In-hospital overcrowding is associated with higher mortality, more
infections, increased waiting times in the ED and an increase in 30-day
readmission rates. However, we are not aware of any study of how inhospital overcrowding may affect SU admission rates.
IVT is an effective treatment for IS, with better outcomes the sooner it is
given. Most studies so far have looked at fixed time-intervals, or ONT.
A pooled analysis of RCTs have estimated the effect on a good stroke
outcome per minute delay in ONT, and a Finnish and Australian study
estimated lifetime benefits per minute reduction in ONT. We are not
aware of any study that has looked at the effect on outcomes for of each
minute delay in DNT.
Off-hours and weekend presentations affect quality of care and
outcomes for many different diseases.
Variation in quality of care and outcomes for stroke patients show
different patterns depending on time and day of admission, although
there is heterogeneity between studies. We are not aware of any Swedish
study of the effect of time of admission on stroke patients.
Higher mortality rates for different diseases during the winter is seen in
many countries in the northern hemisphere.
A single-center study on seasonal patterns in mortality for stroke
patients in Sweden found higher mortality rates during the winter. We
are not aware of any study on monthly variation in quality of stroke care
in Sweden.
Stroke patients admitted to comprehensive stroke centers seem to do
better than those admitted to general hospitals in some aspects, while
stroke patients admitted to smaller hospitals do better in other aspects.
Comprehensive stroke centers seem to be more resilient to temporal
variation than non-stroke centers in the USA. We are not aware of any
Swedish study of temporal resilience in stroke care between hospital
levels of specialization.
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Aims
The overall aim of this thesis was to study the effect of organizational factors on
quality of care and outcomes after stroke, primarily focusing on the role of inhospital overcrowding, in-hospital time to IVT and time of admission, while also
studying differences between hospitals. The specific aims for the included papers
were:


Paper I: To study possible relationships between in-hospital bed
occupancy and the likelihood for an acute stroke patient to be admitted
to a SU as first destination of hospital care. A secondary aim was to
explore possible differences between hospitals.



Paper II: To study possible differences in survival and quality of stroke
care, depending on time and day of admission to a hospital. A secondary
aim was to explore possible differences in temporal resilience between
hospital levels of specialization.



Paper III: To study possible differences in survival and quality of
stroke care, depending on month and year of admission, and to explore
whether there were any longitudinal trends. A secondary aim was to
explore possible differences in temporal resilience between hospital
levels of specialization.



Paper IV: To study the effect of each minute delay in DNT on 90-day
survival. Secondary outcomes included the risk of ICH complication
within 36 hours, and a worsening in functional outcomes at 3 months. A
secondary exposure was ONT.
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Materials and Methods
Brief overview
A brief overview of the papers are provided in table 2.
Table 2. A brief overview of the papers included in this thesis.

PAPER

I

II

III

IV

TYPE OF
STUDY

Retrospective
register study

Retrospective
register study

Retrospective
register study

Retrospective
register study

DATA
SOURCES

Riksstroke +
regional
administrative
databases

Riksstroke

Riksstroke

Riksstroke

SCOPE

Multicenter
(14 hospitals)

National (72
hospitals)

National (72
hospitals)

National (72
hospitals)

INCLUSION
CRITERIAS

ICH, IS and
undefined
strokes in
adult patients

ICH, IS and
undefined
strokes in
adult patients

ICH and IS in
adult patients

IS in adult
patients
receiving IVT
<4,5 hours

EXCLUSION
CRITERIAS

Already
admitted at
stroke onset

Already
admitted at
stroke onset

Already
admitted at
stroke onset

Already
admitted,
missing data
on time, DNT
<10 minutes

PERIOD

2011 to 2014

2011 to 2015

2011 to 2016

2010 to 2017

FOLLOW-UP
TIME

Acute care

Acute care and
survival up to
90 days

Acute care and
survival up to
90 days

Acute care and
outcomes up
to 3 months

EXPOSURES

In-hospital
bed occupancy

Daily and
weekly
variations in
time of adm.

Monthly and
yearly
variation in
time of adm.

DNT and ONT

OUTCOMES

Admission to
a SU as first
destination of
hospital care.

Quality of care
and survival

Quality of care
and survival

Survival, ICH,
functional
outcomes

14

Setting
Sweden is a country in northern Europe with ⁓10 million inhabitants. Public
healthcare is tax-funded and free of charge, except for a small copayment made
by the patient. From an international perspective, Sweden is relatively sparsely
populated, especially up-country, with only a few densely populated coastal areas.
From a healthcare perspective, this means that patients sometimes have to travel
long distances to reach a hospital.
Within Sweden, healthcare is subdivided into 21 different regions providing
primary and secondary healthcare, with tertiary healthcare available mainly at
university hospitals, or at only one or a few sites nationwide. During most of the
study periods included in the papers, there were 72 hospitals caring for acute
stroke patients in Sweden.11, 33 From 2010 to 2017, acute stroke admissions (both
first and recurrent strokes) registered in Riksstroke have declined from 25,558 to
21,216.11, 89

Data sources: Riksstroke
There are more than 100 different quality registries in Sweden, containing data
about medical interventions, outcomes and procedures.90 Riksstroke is one of
these, with a national coverage on stroke care. It was established in 1994 and is
the longest-running national stroke quality register.91 Since 1998 all Swedish
hospitals that care for acute stroke patients are included in the register. The main
purpose of the register is to support high and consistent quality of care for stroke
patients in Sweden, with secondary aims to work as a follow up tool for national
guidelines on stroke care, and to provide a database for stroke research in a
routine clinical setting.92
As a database for stroke research, Riksstroke contains information about the
patients in the acute phase that is collected by the hospital staff, including
amongst others age, sex, stroke type, stroke severity (measured both by level of
consciousness and by NIHSS points), comorbidity (diabetes, AF, hypertension),
previous TIA and/or stroke, smoking and functional status (including ADL,
mobility
and
living
conditions).93
Riksstroke
also
covers
administrative/organizational data such as registering hospital and region,
hospital level of specialization, date and time of symptom onset and admission to
a hospital, time to IVT, arrival by emergency medical services, first destination of
hospital care etcetera.93
Riksstroke also contains follow-up data at 3 months, which is collected through a
patient questionnaire, by a telephone interview or at a return visit. The 3 month
follow-up questionnaire includes questions on ADL status, living conditions,
mobility, return visits, self-rated depression and health, the need for support and
15

rehabilitation, and the satisfaction with given care.94 There is also a 12 month
follow-up, but data from this was not used in this thesis. Complete information
on date of death is achieved by linkage to the Swedish cause-of-death register by
using personal identification numbers.92

Data sources: Hospital bed occupancy
In paper I, data from Riksstroke were linked with healthcare administrative data
on hospital bed occupancy. This data were retrieved from an administrative
healthcare database used in regional quality assurance in Region Skåne, and from
the regional data warehouse (Datalagret) in Region Norrbotten.

Power calculations
As this thesis is based on already collected data, the need for a power calculation
to determine the study size was of less importance when considering the cost
aspect of making a study unnecessarily large. It was however necessary to
evaluate whether we had sufficient data to actually answer the research questions
before we started the studies, and what resolution (how small difference we could
detect with statistical significance) the data could provide. To do this we used a
power calculator freely available online.95
The anticipated number of patient admissions included in each paper were
calculated using the number of patients registered each year in Riksstroke during
the study period, subtracted by the anticipated numbers of patients excluded due
to the exclusion/inclusion criteria’s. An example of this is from the work-up of
paper III, where we estimated that we would have ⁓11,000 patients admitted each
month. Using this number, together with a 90-day survival rate of ⁓83%, we
calculated that we would be able to detect a difference in 90-day survival as small
as 1.8% in absolute numbers between individual months. We figured this would
be enough to detect a significant difference as a previous study of around 9,3
million deaths in cerebrovascular diseases in the USA suggest a relative difference
of 10-15% difference between seasons, which would be ⁓1,7-2,6% in absolute
numbers considering a mortality rate of ⁓17% at 3 months.79

Variable selection
One of the most important steps in the statistical work-up for the papers was to
determine the variables needed in order to properly study our research question,
and to adjust for possible confounders. In all papers included in this thesis,
variable selection was decided upon before the start of the studies.
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The selection process started by creating a theoretical model of the relationship
between the exposure and outcomes, including possible confounders. The
theoretical causal model was visualized using the directed acyclic graph (DAG)
methodology.96 Please see figure 2 for an example of a visualization, this
particular figure was part of the early planning process for paper II and was
created in a free online tool named DAGitty.97 Once visualized, the final variable
selection was made through discussion between clinicians and Riksstroke
representatives, and ultimately by availability in Riksstroke.93

Figure 2. A visualization of possible confounders in paper II.

Variable definitions and considerations
Organizational and administrative variables
-

Admission to a SU as first destination of hospital care: indicates whether
the patient was admitted to a SU from the ED as first ward of in-hospital
care. In papers I-II this was called “direct SU admission”, but due to
nomenclature change in Riksstroke in 2017, papers III-IV uses
“admission to a SU as first destination of hospital care”. In accordance to
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Riksstrokes definition, ICUs and neurosurgery wards are considered
equal to a SU, and hence also included in this variable.
-

Already admitted to a hospital: indicates whether the patient already
was admitted to a hospital ward receiving treatment for any medical
condition. These patients were excluded in all papers because their
prognosis and causes for the stroke often is different compared to those
suffering from stroke at home.98

-

Arrival by emergency medical services (EMS): indicates whether the
patient arrived by any means of EMS (ambulance, helicopter etc.) to the
hospital. Regarding patients eligible for IVT, this often means that the
hospital gets an IVT alert before the patient arrives.

-

DNT: time from admission to the hospital to the start of the bolus dose
of IVT.

-

In-hospital bed occupancy: calculated by the number of occupied beds at
6.00 a.m. at day of admission, divided by the number of staffed beds at
the same time, in the internal medicine department (including SUs,
cardiology wards, nephrology wards, geriatric wards etc.), ICUs and
neurosurgery wards. The decision to not include for example orthopedic
wards, surgery wards or pediatric wards was because we assumed that a
stroke patient, due to the severity of the disease, seldom are admitted to
these wards even in times of in-hospital overcrowding.

-

Hospital: categorical variable consisting of all 72 hospitals registering
acute stroke patients in Riksstroke.

-

Hospital level of specialization: categorical variable including
community hospitals, specialized non-university hospitals and university
hospitals. The demarcation between community hospitals and
specialized non-university hospitals is that the first only have basic
inpatient specialties (like surgery, x-ray, laboratory, internal medicine
and anesthesiology), while the latter have a wider range of specialties and
diagnostic procedures.66

-

IVT: whether IVT was given or not.

-

IVT alert: is triggered for patients that are potentially eligible for IVT.
The purpose of this is to create a fast-track aiming to minimize delays.

-

Occupational and physiotherapist assessment within 48 hours: this
indicates if the patient have had an initial assessment within 48 hours
from arrival to the hospital.

-

ONT: time from symptom onset to the start of the bolus dose of IVT.
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-

Swallowing test: indicates whether the patient’s ability to swallow have
been tested during the acute care episode.

-

Time and day of admission: the moment when the patient enters the
hospital where it was first treated for the stroke.

-

Time and day of stroke onset: if possible, an exact day and time is
provided. It is not uncommon that patients do not remember the exact
time, and this time is then coded as close to the probable time as possible.

Outcomes
-

ICH complication within 36 hours: this is defined as an ICH with a
clinical worsening of 4 points or more on NIHSS, within 36 hours from
IVT.

-

Survival: Measured as days. The starting point is the day of hospital
admission, not symptom onset, although these most of the time are the
same.

-

Worsening in ADL at 3 months: this is a dichotomous outcome where a
worsening is considered if the patient has moved one or more steps
downward in ADL status compared to their level before the stroke. It
includes the following levels; ADL independent, needs help with toiletry
or clothes, needs help with toiletry and clothes, dead.

-

Worsening in mobility at 3 months: dichotomous and calculated in the
same way as a worsening in ADL, but with the following levels; able to
move independently indoors and outdoors, able to move independently
indoors but not outdoors, needs help with mobility from another person,
dead. A patient is considered to need help if he or she needs help from
another person, i.e. a walker and crutches are considered as independent
movement.

-

Worsening in living conditions at 3 months: dichotomous and calculated
in the same way as a worsening in ADL and mobility, but with the
following levels; living at home without help, living at home with help
(for example home care), special housing, hospital care, dead.

Patient-level variables
-

ADL dependency before the stroke: indicates whether the patient needed
help with toiletry, clothing, or both toiletry and clothing before the
stroke. If the patient needed any help he/she was considered to be ADL
dependent.
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-

Age: measured in years, used both as a categorical and continuous
variable.

-

Atrial fibrillation (AF): diagnosed prior to the stroke, or diagnosed
during the hospital stay. It also includes atrial flutter as well as
intermittent forms of the disease.

-

Diabetes: diagnosed prior to the stroke, or diagnosed during the hospital
stay. It includes all types of diabetes mellitus.

-

Hypertensive treatment: ongoing hypertensive treatment at the time of
stroke.

-

Previous stroke: previously hospitalized because of focal neurological
deficits that have not resolved within 24 hours. Radiological changes
suggesting previous stroke is not considered a previous stroke if the
patient have not experienced any focal neurological deficit.

-

Previous TIA: previous TIA or amaurosis fugax before the stroke.
Transitory global amnesia is not included in this diagnosis.

-

Sex: automatically calculated using the personal identification number
when registering a patient in Riksstroke. If this number is incomplete,
sex is manually inputted.

-

Smoking: current smoking on a daily basis, or quit smoking within 3
months before the current stroke.

Stroke severity and diagnosis
-

Diagnosis: Included are ICH (ICD-10: I61) and IS (ICD-10: I63). For
paper I and II undefined strokes (ICD-10: I64) are also included. These
are classified as strokes based on clinical presentation, but miss data
regarding whether it was an IS or ICH, which is the case for example if
there were no neuroimaging performed, or if the patient died and there
was no autopsy. Other diagnoses, for example subarachnoidal
hemorrhages or hemorrhages in brain tumors are not registered in
Riksstroke.

-

Level of consciousness: A categorical variable with the following three
levels; alert, drowsy and unconscious. Alert corresponds to reaction level
scale (RLS) 1, drowsy corresponds to RLS 2-3 and unconscious
corresponds to RLS 4-8.

-

NIHSS at admission: a continuous variable between 0 to 42 points. This
is the first NIHSS assessment within 24 hours from patient admission to
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the hospital. All values above 24 can be either registered as 24, or as their
exact value. Also included as a categorical variable in paper II.
-

NIHSS before IVT: this is a NIHSS assessed immediately prior to IVT.

Statistical methods
Overview
An overview of the statistical methods are summarized in table 3.
Table 3. An overview of the statistical methods.

PAPER

I

II

III

IV

DATA
PREPARATION

Data linking
and cleaning,
variable
creation,
exclusion
analysis

Data
cleaning,
variable
creation,
exclusion
analysis

Data
cleaning,
variable
creation,
exclusion
analysis

Data
cleaning,
variable
creation,
exclusion
analysis

HANDLING OF
MISSING DATA

Admissions
with missing
data excluded

Some
excluded,
some handled
in separate
categories

Some
excluded,
some handled
in separate
categories

Some
excluded,
others
imputed

PATIENT
CHARACTERISTICS

Absolute
numbers,
mean and
median, Q1Q3,
proportions.

Absolute
numbers,
mean,
proportions.

Absolute
numbers,
mean and
median,
proportions.

Absolute
numbers,
median, Q1Q3,
proportions.

UNADJUSTED
ANALYSES

Absolute
numbers and
proportions

Proportions
and heatmaps

Proportions
and heatmaps

Absolute
numbers and
proportions

ADJUSTED
ANALYSES

Logistic
regression

Logistic
regression

Logistic
regression

Logistic
regression,
estimates of
total numbers

ANALYSES OF
TEMPORAL
RESILIENCE

-

Interaction
terms, logistic
regression

Interaction
terms, logistic
regression

-
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General methods
To isolate the effect of an exposure on an outcome while considering confounders
that may influence the outcome, we used multivariable models. In all papers, the
outcomes were binary (i.e. dead/survived, was admitted/wasn’t admitted etc.)
and hence logistic regression was the method of choice.
Median in-hospital bed occupancy was studied for each hospital separately in
paper I. In this thesis we also analyzed mean in-hospital bed occupancy for all
patient admissions, with the results presented as a heatmap.
For this thesis, a Kaplan-Meier curve on data from paper IV was also made to
visualize the difference in survival between patients who suffered from an ICH
complication compared to those that did not. The survival data from paper II and
III were also re-analyzed using Cox proportional hazard regression, modelling
time to death up to 90 days in different shifts (08:00-16:59, 17:00-22:59 and
23:00-07:59), and months (January and May). The Cox regression analyses
included the following confounders; age (categorical), level of consciousness,
hospital, stroke type (IS, ICH (and undefined for the shifts analysis)), sex, ADL
dependency before admission, previous stroke, AF, diabetes, antihypertensive
treatment, year of admission (in the analyses of month of admission), smoking
and arrival by EMS. The last two included a higher proportion of missing values
(respectively ⁓9% and ⁓7% for smoking and arrival by EMS), and missing was
therefore modeled as a separate category for these variables.
A p-value <0.05 was considered statistically significant. All statistical analyses
were performed in IBM SPSS Statistics 22 (paper I) and 24 (papers II-IV). The
statistical methods for each paper are described in more detail below.
Paper I
All stroke admissions in Region Norrbotten and Region Skåne from 2011-2014,
registered in Riksstroke, were included. A total of 16,182 patient admissions
matched the inclusion criteria. Of these, 1,164 were excluded due to missing data
on in-hospital occupancy level, another 54 were excluded as they were not
admitted to an in-hospital ward from the ED, and finally another 1,009 patients
were excluded as they were already admitted to a ward at stroke onset. The
remaining 13,955 patients were included in the main analysis. A sensitivity
analysis including only first time strokes (N= 12,878) was also performed.
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The exposure was:
-

In-hospital bed occupancy

The outcome was:
-

Admission to a SU as first destination of hospital care

Baseline data and missing data were explored for each of the participating
hospitals (N = 14), and included the following variables; number of admissions
for each region and hospital, admission to a SU as first destination of hospital
care, IVT, IVT alarm, previous stroke, IS, sex and median in-hospital bed
occupancy.
We did unadjusted analyses of the effect of different levels of the exposure (085%, 85-90%, 90-95%, 95-100% and >100%) on the outcome, which was
presented as absolute numbers and proportions. This was followed by the
adjusted multivariable analyses including the following confounders; hospital,
weekend presentation, sex, age, previous stroke, IVT alert, consciousness and
stroke type. The result was presented as a change for each percent increase in inhospital occupancy rate.
Finally, we compared of the odds of admission to a SU as first destination of
hospital care between the participating hospitals using logistic regression. The
reference hospital was chosen due to its large number of patients combined with
low missing data levels, and an average close to the Riksstroke national average.
Paper II
120,792 patient admissions nationwide from 2011 to 2015 were identified in
Riksstroke. Of these, we excluded patients already hospitalized (N = 6,897), and
patients with missing data regarding hospital admission (N = 33), leaving 113,862
patient admissions for inclusion in the main analyses. Furthermore, analyses of
IVT was restricted to patients with IS (N = 98,185), and analyses of DNT was
restricted to patients receiving IVT (N = 9,786).
Exposures were constructed as five different definitions of time of admission:
-

On-hours (Monday-Friday 08:00-16:59 business days, off-hours is the
rest of the time including holidays)

-

Three different work shifts (08:00-16:59, 17:00-22:59 and 23:00-07:59)
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-

Four different 12-hour blocks (Monday-Friday 08:00-19:59 and 20:0007:59, Saturday-Sunday 08:00-19:59 and 20:00-07:59)

-

42 Sequential 4-hour blocks throughout the week (Monday 00:00-03:59,
Monday 04:00-07:59,…, Sunday 20:00-23:59)

-

Day of the week (Monday, Tuesday,…, Sunday)

Outcomes were:
-

IVT

-

DNT <30 and <60 minutes

-

Admission to a SU as first destination of hospital care

-

Swallowing test

-

Occupational and physiotherapist assessment rates within 48 hours

-

Survival at 7, 30 and 90 days

Patient characteristics were studied separately for each work shift. Age and
NIHSS were reported as mean values, and all other variables as absolute numbers
and proportions. Missing data was reported as absolute numbers and
proportions.
We did unadjusted analyses of the outcomes for all exposures, and presented the
results in heatmaps. Adjusted analyses, using multivariable logistic regression,
were performed for on-hours, work shifts and 12-hour blocks. A complete case
approach was applied in the multivariable analyses, and hence all patient
admissions with any missing data were excluded. An exception to this approach
was applied for arrival by EMS and smoking, as both had higher levels of missing
data. Missing data for these were handled by inclusion in a separate category.
Sensitivity analyses were performed by replacing RLS with NIHSS.
We analyzed hospital resilience by introducing interaction terms between level of
hospital specialization and work shifts on all outcomes. References were
specialized non-university hospitals and daytime. Outcomes with a significant
interaction term, defined as p <0.05, were followed by stratified logistic
regression analyses for each hospital type.
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Paper III
140,739 patient admission nationwide from 2011 to 2016 were identified in
Riksstroke. Of these, we excluded patients already admitted to a ward (N = 7,973),
and those with missing data on admission status (N = 22), leaving 132,744 patient
admissions for inclusion in the analyses.
Exposures were:
-

Month of admission (Jan, Feb,…, Dec)

-

Year of admission (2011, 2012,…, 2016)

-

Longitudinal trends (Jan 2011, Feb 2011,…, Dec 2016)

Outcomes were:
-

IVT

-

DNT <30 and <60 minutes

-

Admission to a SU as first destination of hospital care

-

Swallowing test

-

Occupational and physio therapist assessment rates within 48 hours

-

Survival at 7 and 90 days

Patient characteristics were presented as total numbers, proportions, mean and
medians. Missing data was reported in absolute numbers and proportions.
Unadjusted analyses were performed for all exposures and outcomes, and
presented in heatmaps (month of admission, year of admission) and as graphs
with proportions (longitudinal trends). We used logistic regression to analyze the
effect of month of admission and year of admission. Just like in paper II, a
complete case approach was applied in the multivariable analyses, excluding all
patient admissions with missing data on any variable with the exception for
smoking and arrival by EMS, which were handled in the same way as in paper II.
As in paper II, we analyzed hospital resilience by introducing interaction terms
between level of hospital specialization and month and year on all outcomes.
References were specialized non-university hospitals, January and 2011.
Outcomes with a significant interaction term, defined as p <0.05, were followed
by stratified logistic regression analyses for each hospital type.
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Paper IV
16,545 adult patient admissions with an IS receiving IVT from 2010 to 2017 were
identified in Riksstroke. Of these, we excluded patients that were already
admitted (N = 945), patients with missing data on any of the time variables (N =
856), patients with an onset to needle time above 270 minutes (N = 436), and
patients with DNT under 10 minutes (N = 176). The remaining 14,132 patient
admissions were included in the final analyses.
Exposures were:
-

DNT

-

ONT

Outcomes were:
-

Survival at 90 days

-

ICH complication within 36 hours

-

A worsening in ADL at 3 months

-

A worsening in mobility at 3 months

-

A worsening in living conditions at 3 months

Patient characteristics and baseline data were studied for all patient admissions,
and presented as total numbers, proportions, mean and medians. Missing data
was reported in absolute numbers and proportions. In order to reduce potential
bias, we used multiple imputation on missing data before performing the
adjusted analyses. All variables included in the analyses were used to predict the
missing values, while only confounders were imputed.
Multivariable logistic regression analyses were performed for DNT and ONT.
DNT fulfilled the assumption of linearity (checked by introducing quadratic
terms to the model) for all outcomes and was presented as change per minute.
DNT was also categorized into longer time-intervals for visualization purposes.
ONT did not fulfill the assumption of linearity and was categorized into timeintervals.
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Ethical considerations
All patients in this thesis were identified through Riksstroke. Swedish law
requires quality monitoring of the healthcare system, and as the main purpose of
Riksstroke is to support high and consistent quality of care for stroke patients,
Riksstroke works more as a component of the regular healthcare system and not
as a research project. However, it is mandatory to give information about
Riksstroke to all patients. This information includes the purpose of Riksstroke,
information on what data is collected, information that the register is confidential
and that participation is voluntary.92 A patient can after this information choose
to not participate in the register, a so-called opt-out procedure. Patients are also
informed that they have the right to have their data erased at any time. In the case
that the patient is unable to communicate, the information is then given to a nextof-kin instead.92
By using already collected data in the papers included in this thesis, no
intervention or clinical impact were directly transferred to the patients. The
biggest risks as we see it is illegitimate data access, and identification of individual
patients. To minimize these risks, data from Riksstroke were anonymized before
it was delivered to us by replacing the personal identification numbers with a
replacement number to which only Riksstroke holds the key. Still, it could be
possible to back-identify individuals by knowing age, gender, hospital, time of
admission etcetera. This risk was minimized by strict data-handling procedures,
as well as that all results in this thesis are presented only at group level. The data
files were removed from the research computers after the completion of the
analyses, and then stored securely to prevent unauthorized access.
In a world with limited resources, it is important to apply a cost-effective
approach to research. Due to the relatively non-expensive study design, using
already collected data of high quality, combined with potentially clinical
impactful hypotheses, we also argue that the research was justified from a
resource point-of-view. The Regional Ethic Review Board at Umeå University
approved all papers in this thesis (Paper I: 2015-267-32M, Papers II-III:
2016/346-31, Paper IV: 2018/417-31).

27

Results
Patient characteristics
A summary of the included patients and baseline data are provided in table 4.
Table 4. A summary of patient characteristics and baseline data. All numbers are % unless otherwise
specified.

PAPER

I

II

III

IV

ADMISSIONS (N)

13,955

113,862

132,744

14,132

AGE (MEAN)

75.2

75.5

75.5

72.6

FEMALE SEX

47

48

48

44

ADL DEPENDENCY

-

12

12

6

PREV. STROKE

25

24

24

18

AF

-

29

29

27

DIABETES

-

21

21

18

HYPERTENSION

-

62

62

59

ARRIVAL BY EMS

-

76

76

92

SMOKING

-

14

14

15

ALERT

83

83

84

86

DROWSY

12

12

12

13

UNCONSCIOUS

5

5

5

1

NIHSS (MEDIAN)

-

3

3

8

IVT

10

10

10

100

RLS

The most notable differences are that the patients in paper IV were younger,
consisted of more males, had less comorbidity, higher NIHSS points and more
often arrived by EMS, compared to papers I-III.
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Missing data
The proportion of missing data was generally low (<3%) in all papers, except for
a few variables (NIHSS, arrival by EMS and smoking). For a summary of missing
data on the most common confounders please see table 5.
Table 5. Missing data. Absolute numbers and percentages of total.

PAPER

I

II

III

IV

ADL PRE ADM

-

2,886 (3%)

3,995 (3%)

269 (2%)

AGE

0 (0%)

2 (0%)

0 (0%)

0 (0%)

AF

-

746 (1%)

622 (0%)

89 (1%)

ARRIVAL BY EMS

-

8,223 (7%)

8,817 (7%)

1,276 (9%)

DIABETES

-

441 (0%)

470 (0%)

26 (0%)

HOSPITAL

0 (0%)

0 (0%)

0 (0%)

0 (0%)

HYPERTENSION

-

743 (1%)

805 (1%)

55 (0%)

NIHSS

-

59,036 (52%)

67,326 (51%)

1,088 (8%)

PREV. STROKE

69 (0%)

676 (1%)

716 (1%)

38 (0%)

RLS

189 (1%)

1,286 (1%)

1,450 (1%)

93 (1%)

SEX

0 (0%)

0 (0%)

0 (0%)

0 (0%)

SMOKING

-

10,161 (9%)

12,890 (10%)

1,311 (9%)

In-hospital bed occupancy (Paper I)
Mean in-hospital bed occupancy in paper I was 93%. Analyses of in-hospital bed
occupancy per weekday, and week of the year, showed a weekly variation where
Mondays had the highest mean occupancy rates, and Saturdays had had the
lowest. There was also a flow pattern throughout the week where in-hospital bed
occupancy rates gradually decreased during weekdays, and then gradually
increased over the weekend. No apparent changes were seen between months.
Holidays like midsummer, Christmas and to some extent also Easter seemed to
have somewhat lower occupancy rates. For a visualization of the patterns please
see figure 3.
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Figure 3. Heatmap of mean in-hospital bed occupancy levels faced by the patients from paper I,
measured at 6.00 AM each day, combined for internal medicine wards, ICUs and neurosurgery
units, in Region Norrbotten and Region Skåne combined for 2011-2014. Darker blue color indicates
higher in-hospital bed occupancy levels, with the actual percentages in each cell.

Admission to a SU as first destination of hospital care (Papers
I-IV)
In the first paper we found a decrease in the odds of admission to a SU as first
destination of hospital care by 1.5%, for each percent increase in in-hospital bed
occupancy above 85% (adjusted odds ratio (OR) 0.985, 95% confidence interval
(CI) 0.978-0.992). We also found significant differences between hospitals,
where the best performing hospital exhibited an OR of 3.8 for admission to a SU
as first destination of hospital care compared to the reference hospital, even after
adjusting for in-hospital bed occupancy.
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In the second paper we found that admission rates showed a pronounced
sequential pattern across both time of day and day of week. Drops in admission
rates were observed during evenings and nights, and we also found a weekly flow
where admission rates peaked on Fridays (83.3%), to be at the lowest on Sundays
(74.5%). Off-hour admission rates were significantly lower compared to on-hour
admissions (adjusted OR 0.73, 95% CI 0.70-0.75). Significant differences in
temporal resilience were seen between different levels of hospital specializations,
where university hospitals, compared to specialized non-university hospitals,
showed significantly less temporal variation for evening admissions compared to
daytime admissions (adjusted OR 0.82 vs 0.72, 95% CI 0.76-0.89 vs 0.68-0.75).
Community hospitals showed the highest admission rates altogether.
In the third paper we found a monthly variation with the lowest admission rates
in January (78.3%) and the highest in June (80.5%, adjusted OR 1.17, 95% CI
1.09-1.26). We also found that the admission rates to a SU as first destination of
hospital care decreased over time, from 78.8% in 2011 to 78.1% in 2016 (adjusted
OR 0.88, 95% CI 0.84-0.93). When stratifying for hospitals we found that this
decrease was driven by university hospitals alone, with admission rates dropping
from 83.4% in 2011 to 73.9% in 2016 (adjusted OR 0.53, 95% CI 0.47-0.59).
Meanwhile, specialized non-university hospitals and community hospitals shown
minor non-significant improvements in their rates (respectively 74.4% to 75.7%,
and 82.0% to 84.2%).
In the final paper, we did not study admission rates to a SU as first destination of
hospital care as a separate outcome, but in the baseline data we found that 94.8%
of all patients receiving IVT were admitted. In papers I-III this level was
respectively 79.6%, 79.4% and 79.5%.

Care during the hospital stay (papers II-III)
Analyses of swallowing test rates showed that 87.9% of all patients admitted was
assessed in paper II, and 88.0% in paper III. When studying time and day of
admission, we found only relatively small fluctuations with the largest differences
seen between daytime admissions and evening admissions, where the latter had
significantly lower assessment rates (88.4% vs 87.3%, adjusted OR 0.91, 95% CI
0.87-0.95). No significant differences were seen between months. Between years,
we found some fluctuations with the lowest rates during 2014-2015 (respectively
86.2% and 86.1%) and the highest rate in 2012 (89.7%).
Regarding physiotherapist and occupational therapist assessment rates within 48
hours, the patterns were similar with no major differences seen intra-day. Large
differences where however seen within the week, where Thursdays to Saturdays
had lower levels compared to the rest of the week, with the lowest rates seen on
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Fridays (respectively 36.9% and 32.6% for physiotherapist and occupational
therapist assessment) and the highest rates on Tuesdays (respectively 77.5% and
72.4% for physiotherapist and occupational therapist assessment). Between
months, we found drops in assessment rates in April, June and December, where
December showed the lowest rates (respectively 65.2% and 60.9% for
physiotherapist and occupational therapist assessment). This was significantly
lower compared to the reference month being January (respectively 68.4% and
63.5%, adjusted OR 0.83 and 0.85, 95% CI 0.77-0.88 and 0.80-0.91, for
physiotherapist and occupational therapist assessment).

IVT rates (Papers II-III)
In paper II we found lower IVT rates for daytime admissions compared to evening
and nighttime admissions (9.3%, vs 11.5% and 11.9%). There was also a weekly
variation where Mondays had the lowest rates (9.1%) while the highest rates were
seen towards the end of the week (Friday to Sunday, 10.4%). The adjusted
analyses revealed that the biggest difference was seen between daytime and
evening admissions (adjusted OR 1.19, 95% CI 1.13-1.25). It should be noted that
patients arriving at evenings and nights were generally younger (mean age
respectively 75.4 and 74 years) and had more severe strokes (NIHSS points
respectively 6.1 and 6.4), compared to daytime admissions (mean age and NIHSS
points respectively 76.1 and 5.5).
In paper III we found a significant difference between months, where IVT rates
successively increased throughout the year from 9.8% in January to 11.4% in
December (adjusted OR 1.19, 95% CI 1.08-1.31). Looking at longitudinal trends,
we found an increased IVT rate for each year from 7.3% in 2011, to 12.8% in 2016
(adjusted OR 1.70, 95% CI 1.58-1.83). The analyses of hospital level of
specialization revealed that university hospitals had the highest rates during the
study period, with an increase from 10.2% in 2011 to 14.7% in 2016, while
community hospitals had the lowest, although increasing, rates during the study
period (from 6.9% in 2011 to 11.6% in 2016). Specialized non-university hospitals
showed the biggest increase with a doubling of the rates, from 6.4% in 2011 to
12.9% in 2016 (adjusted OR 1.89, 95% CI 1.69-2.11).

DNT (Papers II-IV)
In paper II we found that the proportion of patients receiving IVT within 30 and
60 minutes from hospital admission was highest for daytime admissions
(respectively 23.1% and 69.6%), and then decreased for evening admissions to be
lowest at night (respectively 15.6% and 58.5%, adjusted OR compared to daytime
0.50 and 0.57, 95% CI 0.41-0.60 and 0.50-0.66). Between days of the week,
Thursday showed the highest rates of DNT within 30 minutes (22.3%) and
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Wednesday showed the highest rates of DNT within 60 minutes (69.8%), while
Sundays showed the lowest rates for both, respectively 16.9% and 62.6%.
Interaction terms between shifts and hospital level of specialization revealed a
significant difference for DNT within 30 minutes, where the stratified analyses
revealed that university hospitals were more resilient to temporal variation,
compared to specialized-non university hospitals, for nighttime admissions
compared to daytime admissions (adjusted OR respectively 0.83 and 0.46, 95%
CI respectively 0.61-1.12 and 0.35-0.60). We also found that the proportion of
patients receiving IVT within 30 minutes differed between levels of hospital
specialization, where university hospitals had the highest rates and community
hospitals had the lowest rates.
In paper III we found some fluctuations between months for DNT, ranging from
19.9% in June and November, to 24.9% in December for DNT within 30 minutes.
Compared to January, the only slightly significant difference seen was in
November for DNT within 60 minutes (adjusted OR 1.24, 95% CI 1.00-1.53). In
the longitudinal analyses, DNT showed large improvements from 2011 to 2016,
both within 30 minutes (from 7.7% to 28.7%, adjusted OR 5.81, 95% CI 4.57-7.39)
and 60 minutes (from 46.3% to 74.5%, adjusted OR 3.80, 95% CI 3.24-4.44).
Between different levels of hospital specialization, community hospitals had the
lowest rates altogether, and specialized non-university hospitals increased their
rates the most, especially for DNT within 30 minutes (from 5.2% in 2011, to 31.6%
in 2016).
Although DNT was studied as an exposure rather than outcome in paper IV, some
noteworthy insights come from this study. Firstly, DNT were inversely related to
age, ODT and NIHSS points (i.e. longer delays for younger patients, for those with
less severe strokes and for those arriving rapidly at the hospital). Secondly, DNT
was linearly associated with survival at 90 days, the risk of intracerebral
hemorrhagic transformation within 36 hours from IVT and functional outcomes
at 3 months. Thirdly, median DNT decreased from 65 minutes in 2010, to 38
minutes in 2017.

Survival (Papers II-IV)
In paper II we found the largest effect of work shifts on survival at 7 days.
Nighttime admissions showed the lowest survival rates compared to daytime,
respectively 90.2% and 93.4% (adjusted OR 0.86, 95% CI 0.78-0.93). Absolute
survival rates were slightly lower in the evening (92.7%) compared to daytime
shifts, but after adjustment in the multivariable models no significant difference
in survival was seen. Survival at 30 and 90 days showed similar but less
pronounced patterns compared to survival at 7 days, where no significant
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difference were seen at 90 days, indicating that the effect was strongest for early
deaths. Weekends (vs weekdays) and off-hours (vs on-hours) also showed lower
survival rates, although less pronounced than for nighttime admissions. No
differences in temporal resilience regarding survival were seen between different
levels of hospital specialization.
The Cox regression analysis of survival for the first 90 days after stroke showed
no significant difference between daytime compared to evening (Hazard ratio
(HR) 1,00, 95% CI 0,97-1,04) or nighttime admissions (HR 1,04, 95% CI 1.001,09). See figure 4 for a survival plot from the Cox regression analysis.

Figure 4. Survival proportions between shifts (left) and months (right) from the Cox regression
analysis.

In paper III we found more pronounced differences in survival between months
at 90 days, compared to survival at 7 days. January showed the lowest 90-day
survival rate (81.5%), while the highest survival rates were seen from April to
October, with a peak rate for admissions in May (84.1%, adjusted OR 1.28, 95%
CI 1.17-1.40, compared to January). The Cox regression analysis also revealed a
significant difference between January and May, with higher mortality in January
(HR 1.21, 95% CI 1.13-1.29). See figure 4 for a survival plot from the Cox
regression analysis.
90-day survival increased from 82.7% in 2011, to 83.3% in 2016 (adjusted OR
1.13, 95% CI 1.06-1.21). No significant change was seen over time for 7-day
survival, and no differences in temporal resilience regarding survival were seen
between different levels of hospital specialization.
In paper IV we found a linear relationship between delays in DNT and the odds
of 90-day survival. The impact on survival for each minute delay in DNT in the
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unadjusted analyses showed no significant effect. However, when adjusting for
NIHSS, age, sex and ODT, we found that each minute delay in DNT decreased the
odds of survival by 0.5%, and by adding the rest of the confounders we found that
the odds of survival decreased by 0.6% for each minute delay (adjusted OR 0.994,
95% CI 0.992-0.996). Delays in ONT was also associated with lower odds of
survival (figure 5). Overall survival at 90 days was 88% in paper IV, compared to
around 83% in papers II and III.

Figure 5. Adjusted analysis of the impact of delays in onset-to-needle time on 90-day survival. OR
with 95% CI from the logistic regression model. *Reference category.

ICH complication within 36 hours (Paper IV)
We found that every minute delay in DNT increased the odds for ICH by 0.3%
(adjusted OR 1.003, 95% CI 1.000-1.006). Within 90 days, 44.7% (N = 297/665)
of the patients suffering from an ICH complication died, compared to 9.8% (N =
1,291/13,238) of those who did not. A Kaplan-Meier curve visualizes this (figure
6). ONT showed a non-significant trend for an increased risk of ICH complication
(figure 7).
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Figure 6. Kaplan-Meier survival plot for ICH complication within 36 hours.

Functional outcomes at 3 months (paper IV)
In paper IV we found that each minute delay in DNT increased the odds of a
worsening in ADL by 0.3% (adjusted OR 1.003, 95% CI 1.001-1.005), a worsening
in living conditions by 0.4% (adjusted OR 1.004, 95% CI 1.002-1.005) and a
worsening in mobility by 0.4% (adjusted OR 1.004, 95% CI 1.003-1.006). In total,
respectively 30%, 34% and 35% of the patients suffered from a worsening in ADL,
living conditions and mobility at 3 months. Delays in ONT was also significantly
associated with a worsening in these outcomes (figure 7).
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Figure 7. Adjusted analyses of the impact of delays in onset-to-needle time on ICH complication
within 36 hours and functional outcomes at 3 months. OR with 95% CI from the logistic regression
model. *Reference category.

37

Discussion
Methodological considerations
Data sources and internal validity
One of the major advantages of Riksstroke is the high coverage. Through crossvalidations towards the Swedish national patient register (NPR), Riksstroke has
been found to have a consistent coverage of approximately 90% of all stroke
patients that are admitted to a hospital in Sweden.99 It has also been found that
there is a slight over-diagnosis in acute stroke patients in NPR, and if these are
considered the actual coverage is well in excess of 90%, with estimates of up to
95% of all hospitalized strokes.99, 100 The participation rate for the 3-month
follow-up questionnaire is also good, including around 90% of all patients
registered in the acute phase.92 Inclusion in Riksstroke is not restricted in any
way (for example by sex, age, comorbidity, region etcetera), which minimizes
selection bias.
A caveat regarding the coverage is that Riksstroke does not cover out-of-hospital
events (i.e. patients that never seek medical attention). A Swedish study from
2003 found that the proportion of in-hospital treated stroke patients was 92%,
and another Swedish study from 2007 found that 84% of all strokes were
hospitalized within 14 days from stroke onset.101, 102 The latter study found two
main groups of patients that were often not hospitalized; elderly women at
nursing homes with high case fatality that were never sent to a hospital (solely
managed by primary care), and male patients with milder strokes and low case
fatality that were examined at the hospital, but then sent home.102 Patients treated
in a non-SU are also less likely to be registered in Riksstroke, compared to those
treated at a SU, hence introducing selection bias.101 As found by a study from
Örebro, patients registered in Riksstroke were younger, had lower NIHSS and
lower case fatality at 28 days (compared to all stroke patients at the hospital).101
Another study from the same hospital also concluded that patients with fatal
strokes were underreported to Riksstroke.103
Another major advantage of Riksstroke is the quality of the data collected. Data
entry errors are minor, with quality assurance by automatic controls when the
data is being entered into Riksstrokes web module, and statistical process control
where outliers are found and then checked.92, 99 Validations through studies
comparing conformity between journal entries and data entries in Riksstroke
found these to be around 95%.92 Validations of inter-hospital reliability have also
shown good results, with over 85% conformity in variable coding between
different hospitals for 77 out of 81 variables in the acute care form of
38

Riksstroke.104 This, together with the national scope and good coverage, makes
comparisons over time and between hospitals possible. Hence, despite some
selection bias at inclusion, the data quality must be considered good. As one of
the studies validating the data in Riksstroke put it: “Riksstroke can be maintained
with sufficient data quality to permit monitoring of the quality of care and
benchmarking between hospitals. Thus, completeness and content validity are
very satisfactory, and inter-hospital reliability is high.”104
The in-hospital bed occupancy data retrieved from the healthcare administrative
databases in Region Norrbotten and Region Skåne was of good quality, although
missing data decreased the number of included patients somewhat in paper I.
Adjusting for confounders
A confounder is an independent variable that has a relationship or is associated
in some way with the exposure and the outcome. Hence, confounders can
introduce bias, and need to be adjusted for. Choosing which confounders to
adjust for is essential, and yet even if we adjust for possible and available
confounders, there is always a risk of residual confounding (i.e. a confounder that
is not adjusted for). If we know which residual confounders we have, we can at
least discuss them and estimate impacts, even if we cannot adjust for them.
However, there are certainly also unknown residual confounders which poses an
even bigger challenge, as we are unaware of these and how they might impact the
effect of the exposure on the outcome.
Correctly specified, the DAG methodology mentioned in the methods section can
provide a model where bias is reduced by not including more confounders than
necessary. 96 We used the DAG for visualization of associations, and the decision
on variable inclusion was made through discussion between clinicians and
Riksstroke representatives, with the final choice ultimately also depending on
variable availability in Riksstroke.93
One example on possible effects of confounding is that previous studies of
weekday and weekend admissions points to differences in case-mix as the cause
of differences in mortality.73, 105 In the papers included in this thesis we used
regression models to adjust for the effects of confounders. In all papers the final
models included many of the most common and probable confounders available,
for example sex, age, diagnosis, proxies for stroke severity, comorbidity and
organizational factors. Residual confounding after this extensive adjustment is of
course still possible. One example is a previous study which found that basic
blood tests could explain a large part of an increase in mortality seen in patients
admitted on weekends compared to weekdays in a general emergency setting.106
This is something we didn’t have access to in our papers. However, as seen in
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paper IV, adding additional confounders to sex, NIHSS, age and ODT did not alter
the results much, indicating that the results are robust.
A special consideration regarding confounders in papers I-III is that we used RLS
as a proxy for stroke severity. This may seem rather blunt, and one could argue
that more sophisticated measures of stroke severity should have been used, for
example NIHSS which is commonly used to measure stroke severity while also
being a strong predictor of outcomes after stroke.107, 108 While it was possible to
use NIHSS as a proxy for stroke severity in paper IV, this was not possible in
papers I-III due to the large proportion of missing cases (⁓50%). However, level
of consciousness has been found to be a good proxy for mortality prediction in
settings where the full NIHSS is not available.109 Another measure of stroke
severity, which also holds prognostic value, would be stroke localization and
volume.110, 111 This was however not available in Riksstroke.
Choice of regression model
Logistic regression was used since all outcomes were binary. Cox regression
would have been a good alternative for survival in papers II-III, but requires
additional assumptions of proportional hazard (i.e. constant hazard over time).
In this thesis, survival data from these papers were re-analyzed comparing shifts,
and January and May (the months with lowest and highest 90-day survival).
Missing data and information bias
Missing data can be either “missing completely at random” or “missing at
random”. The former indicates that there is no relationship between whether a
point of data is missing and any other values in the dataset, hence not including
any bias. The latter indicates that missing data is not random, but instead related
to some of the observed data. This form of missing data is more problematic as it
introduces bias.112
We handled missing data a bit different between papers I-IV. In paper I we aimed
for a complete-cases approach, hence excluding all registrations with any missing
data point. In papers II-III we used the same approach, except for missing data
for smoking and arrival by EMS which were included in separate categories due
to the higher proportions of missing data. In paper IV, missing data was handled
by imputation as a way to minimize bias, with multiple imputation being the
method of choice. This method have been proven to be a good approach to handle
missing data in large samples, which we considered this to be.113
A similar problem is information bias, or misclassification, which arises from
faulty registrations or measurements. In other words, there is a data point, but it
is not accurate. This is one of the most common sources of bias that affects the
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validity of health research.114 Misclassifications can be either differential or nondifferential. The former selectively misclassifies a subgroup and thereby
introduces bias, while the latter is random in all subgroups and only reduces
precision. However, the high data quality of Riksstroke, together with the mostly
low levels of missing data (<3%), makes it unlikely that misclassifications and
missing data would impose any major influence on the overall results.
External validity of the results
The external validity (generalizability), of RCTs is a known problem as
participants in these trials often differ significantly from the population where
the new drug or new finding is intended to be used.115 This disparity in
populations can lead to false conclusions of the effect of the treatment. The
problem can arise from lack of specification of a target population, or difficulties
recruiting a representative sample.
Observational studies can also have problems with external validity, where the
most common would be from selection bias.116 An example on this would be that
the patient sample is only recruited from a specific age group, or a specific
hospital. As papers II-IV in this thesis are based on all stroke admissions
nationally, the external validity in Sweden must be considered to be good.
Regarding paper I the use of two separate regions with a total of 14 hospitals also
vouch for high external validity of the results. Considering our findings in an
international perspective, we think that the external validity is high, at least in
countries with similar organizations of stroke care, and the results should be
applicable in these settings too.

General discussion
Hospital bed occupancy and its effect on admission rates
The finding that admission rates to a SU as first destination of hospital care
decrease, as in-hospital bed occupancy increase, adds to the list of adverse effects
of in-hospital overcrowding.
It is troublesome that stroke patients are denied access to SU care when inhospital bed occupancy increases, considering the vast evidence of the benefits of
this kind of care.23 The mean in-hospital bed occupancy of 93% is well above the
90% mark, meaning that we could expect regular bed shortages and crises, an
increased risk of denying patients admittance to in-hospital care, and an
increased risk of outlier care (i.e. patients admitted to wards other than the wards
they primarily should be in).50, 61 A previous study found a negative correlation
between in-hospital bed occupancy and the probability of patients being admitted
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from the ED.117 Hopefully, due to the severity of the disease, stroke patients are
not sent home, although we cannot know for sure.
Apart from those possibly sent home, what our results also show is that as
patients are not admitted to a SU, they are admitted to a non-stroke ward. These
wards are not designed for the special type of care that a stroke patient need to
optimize the probability of favorable outcomes. Previous studies on the effects of
outlier care have shown that it is associated with increased length of stay, which
in turn is associated with increased healthcare costs, worse quality of care and
higher likelihood of complications.56, 118
Our results also suggest that physicians in times of in-hospital overcrowding, to
a larger extent act against the national stroke guidelines in Sweden.119 Apart from
denying stroke patients evidence based care, physicians that have to make
decisions based upon organizational shortcomings instead of best possible care
for patients may also suffer negative consequences. A hypothesis strengthened by
reports of ethical stress related to such decisions, as well as the increase in
antidepressant use seen in hospital staff working in overcrowded wards.62, 120
Since our study, including data from 2011-2014, in-hospital beds have continued
to decrease. At the same time, statistics from the Swedish Association of Local
Authorities and Regions show that from 2014 to 2019, the number of outliers
have increased from 1.3 to 2.1, and in-hospital overcrowding (measured as
admissions beyond capacity) have increased from 2.9 to 5.0 per 100 somatic
hospital beds in Sweden.121 As overcrowding have increased, there is also a
possibility that even fewer stroke patients are admitted to as SU. Luckily, this
seems not to be the case, as the 2018 yearly report from Riksstroke found that
80% of all patients are admitted to a SU as first destination of hospital care.46
One explanation that the admission rates haven’t decreased could be that
hospitals over time have implemented more robust guidelines, prioritizing stroke
patients for SU care. Another explanation could be the decrease in the number of
strokes over time, which if it is in line with the decrease in in-hospital bed
capacity, would be rational use of available resources. However, this would only
be rational if the admission rates to a SU as first destination of hospital care were
closer to 100%. But with the current rates of only around 80%, and as in-hospital
bed shortages seem to contribute, the decrease in bed capacity may have inhibited
the admission rates from increasing further. This, together with the new
recommendations on stroke care from the National Board of Health and Welfare,
stating that as the guidelines have been updated more resources are needed in
stroke care for example by an increase in SU bed capacity, support the need of
more SU beds.26
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A Swedish study found that in 2012 and 2013, university hospitals had the lowest
number of SU beds per 100,000 inhabitants, with a mean of 8.8 beds, while
specialized non-university hospitals and community hospitals had respectively
13.5 and 17.8 beds per 100,000 inhabitants.66 Our finding that university
hospitals alone drove the decrease in the admission rates to a SU as first
destination of care, by almost a 10% decrease from 2011 to 2016, shows that these
hospitals in particular seem to struggle with bed shortages and in-hospital
overcrowding.
The differences in admission rates to a SU as first destination of hospital care,
depending on time of admission to the hospital as found in papers II and III, are
troublesome by showing that quality of care is unequal depending on when the
patient arrives at the hospital. A Swedish study on readmissions after hospital
discharge analyzed mean in-hospital bed occupancy rates per hour, and found the
highest rates just before lunchtime (100% at 10-11 a.m.) which then decreased to
be at the lowest rate during late afternoon (91% at 4-6 p.m.), and then again
progressively increasing until 10-11 a.m.53 Combining these patterns with our
results on weekly patterns, we can get a good sense of the hourly variation in inhospital bed occupancy rates over an entire week. This variation corresponds to
the admission rates to a SU as first destination of hospital care, especially if
considering a few hours delay in the ED.
Finally, our findings in paper I gives hope that by implementing good local
routines, it is possible to maintain a high level of admission rates to a SU as first
destination of hospital care, even when facing challenging bed shortages. Officials
from the best performing hospital in the study had a system where they optimized
SU availability by prioritizing patients already admitted, if their medical
condition allowed, to a “ready to transfer” list. Patients on this list was the first to
be transferred to another medical ward in case a new patient with acute stroke
would need the SU bed. Although this could increase admission rates to a SU, the
solution is probably multifactorial and also requires a sufficient number of beds.
DNT and the effect on outcomes
As found in paper IV, even very short delays in DNT have a negative impact on
survival at 90 days, ICH transformation within 36 hours, and functional
outcomes at 3 months.
These findings are troublesome when considered together with the findings from
paper II, where we found that the proportions of patients with DNT within 30
and 60 minutes were lower for evening and nighttime admissions compared to
daytime admissions, and that there was a weekly pattern with the lowest rates
seen on Sundays. It is also troublesome that the total DNT rates within 30
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minutes, as well as the magnitude of the temporal variation, differs between levels
of hospital specialization. This reveals an inequality in care that should not exist
both in terms of when, and to what type of hospital, the patient arrives.
Achieving fast DNT requires that the whole pathway from patient admission to
IVT works fluently. This pathway includes logistics (physical distance from ED to
X-ray department, time for special stroke teams to arrive etc.), diagnostics
(symptom assessment, neuroimaging etc.), decision making (assess risks,
comorbidities that needs to be treated, IVT or not) and treatment (where to treat,
by who). To achieve the best possible results, this pathway put high demands on
the healthcare organization, and every part of it must work perfectly to avoid
unnecessary delays.
A part of the explanation as to why there are more delays during evenings and
nights could be that patients arriving at these times are younger, as found in
paper II, and hence have a tendency towards longer DNT, as found in paper IV.
On the other hand, patients arriving at evenings and at night also have more
severe strokes compared to daytime admissions, which we found in paper IV was
associated to shorter DNT. One could argue that patient level factors such as age
should not impact DNT, as this should not be a determinant whether you get
thrombolysis or not. However, in routine clinical practice it is important to assess
the risk of adverse outcomes of IVT for every individual patient, and age is one of
the factors that influences the total assessment. Because of this, age will probably
always matter in the decision-making process, and if there were no differences
seen, it would be worrisome as this could point to incautious decisions of IVT.
Other patient level factors such as comorbidities that are relative
contraindications for IVT should of course also be assessed thoroughly, and as
such, I argue that patient level factors will always play a role in DNT. However,
the point is that assessment should be done as quickly as possible, without
jeopardizing patient safety.
Apart from patient level factors, which can partly explain the differences in DNT
between different times of admission, organizational factors probably also impact
the results. One hypothesis could be delays to neuroimaging during evenings and
nighttime, creating additional delays in DNT. This hypothesis is supported by a
study from England, as well as a Swedish report.75, 122 The English study also
states that interventions like DNT requires a “rapid, coordinated system response
with on-site presence of key decision makers”.75 Another hypothesis for the delays
in DNT during evenings and night would hence be that these “key decision
makers” are not available at these times. This is supported by a Swedish report
on ED care from 2018, which shows that many hospitals during daytime have
access to specialists in emergency medicine, while at night this proportion
decreases.123 This report also shows that EDs in smaller hospitals more often were
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staffed by less experienced physicians at night, and that it was more common that
specialists were on call at home during off-hours in these hospitals, compared to
more specialized hospitals.123
It is good to see the shorter DNT achieved in Sweden during the study period,
with almost half an hour shorter median times in 2017, compared to 2010. In
Sweden alone, we estimate that this decrease in DNT have saved 44 more lives at
90 days, 9 fewer ICH complications within 36 hours, and respectively 52, 80 and
83 patients with a worsening in ADL, living conditions and mobility in 2017.
Robust routines for the in-hospital pathway from patient admission to IVT is a
key factor in achieving good outcomes in acute stroke care, and healthcare
organizations should have a continued focus on reducing DNT.
Cost effectiveness of SU care and IVT
Studies of the cost effectiveness, in terms of quality adjusted life years (QALY, i.e.
one year with full health for a patient) saved, have shown that SU care is cost
effective.124 The National Board of Health and Welfare estimates that the cost per
won QALY is ⁓38,000 Swedish Krona (SEK) for SU care, which is considered to
be a low cost.125 To put this in perspective, the National Board of Health and
Welfare considers the cost of a QALY to be low if it the cost is below 100,000 SEK,
whereas a cost between 100,000-500,000 SEK is considered moderate, a cost
between 500,000-1,000,000 SEK is considered high, and a cost above 1,000,000
SEK is considered very high.126
Just like SU care, IVT has also shown good cost effectiveness, and the National
Board of Health and Welfare estimates that the cost per won QALY for IVT given
within 3 hours is between (depending on study) 25,000 SEK to 122,000 SEK,
while the cost within 4.5 hours is between 53,000 to 185,000 SEK.125 Hence, the
cost increases with delays, which means that apart from the benefits for the
patients, the decreased cost of shorter times to IVT is another important aspect
to consider when deciding upon resource allocation in healthcare organizations.
Quality of care and survival in relation to time of admission
As shown in papers II and III, quality of care and survival varies depending on
time, day and month of admission, with trends over years. To say that there is an
off-hours effect, a weekend effect or seasonal effects, is to make a simplification
of reality. As shown by these studies, reality is complex with many patterns of
time interwoven, where every aspect of time is connected and at the same time
dynamic. For example, survival at night is not the same every night, but differs
also depending on day of the week, month and year of admission.
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As shown in paper II-III, quality of care regarding physiotherapist assessment
and occupational therapist assessment within 48 hours differed mainly between
weekdays, where patients admitted on Fridays had the lowest rates. This most
likely reflects staffing practices, since physiotherapists and occupational
therapists generally only work during office hours on weekdays. To speed up
assessment and hence improving early rehabilitation efforts, one possible
solution could be to change staffing practices in SUs by having physiotherapists
and occupational therapists also available during weekends. The last quality of
care measure that we studied was the swallowing test. The small dip that we found
for evening admissions compared to daytime admissions, as well as the dip in
2014 and 2015 are hard to explain. Nevertheless, assessment rates were overall
relatively stable around 88% of all patients being assessed. It should be possible
to improve these rates further, for example by targeted quality improvement
efforts including implementing local routines and through educational efforts.
Survival is a complex outcome which can be attributed to many different
determining factors. The decrease in survival rates seen for evening and night
admissions, during weekends and wintertime, probably mostly reflect differences
in case mix and environmental factors such as infectious diseases. However,
organizational factors probably also contribute to some extent, and the two most
important factors related to survival in this thesis, from a quality improvement
point-of-view, would be to minimize delays in DNT and to improve admission
rates to SU as first destination of hospital care.
To summarize, the reasons behind temporal variation is undoubtedly
multifactorial. As described in the introduction, environmental factors such as
cold temperature leads to several changes in hemodynamics and hemostasis,
which could impact incidence rates and severity of strokes. Many of these
environmental factors are probably difficult to eliminate, for example the effects
of weather. Patient level factors also contribute as we found that patients
admitted during evenings and nights have more severe strokes. This pattern
could possibly be altered to some extent by educational efforts to the public
regarding the importance of seeking medical attention immediately if they suffer
stroke symptoms, hence somewhat increasing the number of patients with milder
strokes that seek medical attention also during off-hours. However, it has proven
difficult to decrease patient delays to hospitals, with little improvements in ODT
over the past two decades, compared to the relatively large in-hospital
improvements.127, 128 Finally, organizational factors certainly also contribute and
should be possible to target by the healthcare organization through quality
improvement efforts aiming to implement robust local guidelines for in-hospital
treatment pathways, through educational efforts and staffing practices, and
through good bed management routines and sufficient in-hospital bed capacity.
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Conclusions







Each percent increase in in-hospital bed occupancy above 85% decreased
admission rates to a SU as first destination of hospital care by 1,5%.
Admission rates differed significantly between hospitals, where the best
performing hospital used a patient priority list for transfer to other
wards.
Each minute delay in DNT in routine clinical practice was associated with
a decrease in 90-day survival, an increase in ICH complications within
36 hours, and a worsening in functional outcomes at 3 months.
Quality of care varied depending on time of admission, as well as between
different levels of hospital specialization, indicating unequal care.
Organizational differences should be accessible through quality
improvement efforts aiming to implement robust local guidelines for inhospital stroke treatment.
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Personal reflections and future
perspectives
For me as a clinician, this thesis has provided valuable insights of how
organizational and temporal factors impact stroke care and related outcomes.
Some factors can probably not be influenced in any major way, like the change of
seasons and the effect on mortality that this exerts. Other factors that are more
or less strictly organizational should however be modifiable. The two most
important factors in regard to this thesis are admission to a SU as first destination
of hospital care and DNT.
For me as a research student, I have learnt a great deal of the importance of
research in general, and observational studies in particular. I have learnt about
pitfalls and advantages of different methods, and that results should be
interpreted with some caution and humbleness. It is important to reflect on where
clinical evidence comes from, how well the studies are conducted, and how well
the results of the studies apply to your own patients.
A future research question is if, and how, the continued decrease in acute care
bed capacity in Sweden have influenced stroke care during the last five years.
Finally, since thrombectomy have become more available during the last years, it
would be interesting to study how time to thrombectomy impact outcomes in a
routine clinical setting.
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