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Abstract

Background: Emergency departments (EDs) must balance timely
care, safety, and resource utilization. Emergency department length of
stay (EDLOS) is widely used as a proxy for ED performance, yet it pri-
marily reflects elapsed time whose clinical meaningfulness depends
on patient case-mix and context. Aim: The overall aim was to develop
a deeper understanding of patient flow in Swedish EDs, with particu-
lar focus on process determinants of EDLOS and on patient groups at
greatest risk of poor outcomes. Methods: Four studies were under-
taken. Study I was a concept analysis of “long EDLOS”. Study II was a
retrospective observational study of 222,047 ED visits from two hospi-
tals, estimating the impact of input-, throughput and output factors
on EDLOS. Study III examined high-frequency ED users (HEDU) at a
university hospital (121,403 visits), assessing prevalence, costs, and
process outcomes. Study IV linked national registries across 5,049,641
ED visits from 15 sites (2015-2023) to analyse associations between
EDLOS and adverse outcomes. Results: Long EDLOS is often used as
a proxy for other phenomena. Throughput processes were the domi-
nant factors impacting EDLOS. HEDU comprised 6.1% of patients
but accounted for 22.4% of visits and a disproportionate share of
costs. In Study IV, absolute EDLOS displayed a non-linear association
with mortality, with elevated risk at very short stays. Patients with
non-specific complaints were vulnerable to extended EDLOS. Con-
clusions: EDLOS is a useful metric, but when dichotomized, blunt
and imprecise. Patient flow in the ED is not necessarily a reflection of
levels of crowding and access block. Deviations from the expected
EDLOS — whether longer or shorter — better predict adverse out-
comes than absolute duration, highlighting the need for contextual-
ised patient-centred performance metrics.

Keywords: emergency department; patient flow; ED length of stay
(EDLOS); frequent users; mortality; unplanned revisits; registry
linkage



“The two most powerful warriors are patience and time”
Leo Tolstoy
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Introduction

The emergency department (ED) is sometimes portrayed as a danger-
ous place. One that should be avoided at all costs and if unavoidable,
time spent there should be minimized. This view is reinforced by me-
dia reporting anecdotal patient experiences of overcrowded waiting
rooms. It is reinforced by public service announcements from
healthcare professionals trying hard to clarify the cases where you
shouldn’t utilize the ED. It is also reinforced by an overwhelming
body of scientific evidence highlighting the burden of increasing ED
attendance and the consequences of ED crowding,.

However, the ED is also a place where lives are saved, pain and suffer-
ing are alleviated, and comfort and reassurance are given. For many
patients, it represents the only point of access to urgent care, regard-
less of time of day or ability to pay. It is where critical interventions
occur, where uncertainty is managed, and where the healthcare sys-
tem demonstrates its capacity to respond to acute need. Still, discus-
sions about the ED often reduce it to a bottleneck, or just a barrier be-
tween the patient and definitive treatment. This perspective overlooks
its essential role as a dynamic, adaptive environment — staffed by
highly skilled healthcare professionals — who deliver life-saving care
under pressure.

To improve emergency care, we must move beyond this narrow view
and embrace a narrative that recognizes the ED not merely as a point
of delay, but as a cornerstone of modern healthcare systems. Person-
ally, I believe this can only be done if we as healthcare professionals
and researchers turn the lens inward. We must be willing to critically
examine our workflow practices, acknowledge that we do not always
get it right, and commit to doing better where we can. This openness
is essential if we are to deliver care that meets both clinical and hu-
man needs.

8 Jonas Andersson



1 Background

An emergency department (ED) is a specialized hospital unit de-
signed to provide immediate assessment, stabilization, and treatment
for patients with acute illness or injury (1). Ideally, it operates 24
hours a day as the primary point of access for urgent and unscheduled
care, serving individuals across all age groups and clinical presenta-
tions, from minor injuries to life-threatening emergencies (2). The ED
functions as a critical interface between community care and inpa-
tient services, combining rapid diagnostics, multidisciplinary exper-
tise, and time-sensitive interventions in an environment characterized
by unpredictability and high patient turnover (3). Its purpose is not
only to deliver emergency treatment but also to manage uncertainty,
prioritize care based on acuity, and ensure safe transitions within the
broader healthcare system (4).

1.1 Emergency Care in Sweden

Sweden provides emergency care within a tax-funded universal
healthcare system, which guarantees access to emergency services for
all residents at low out-of-pocket cost (5). Compared to most OECD
countries, Sweden has one of the lowest numbers of hospital beds per
capita, a trend that has persisted for decades (6). Emergency medicine
is a relatively young specialty in Sweden, formally recognized as a pri-
mary medical specialty in 2012 (7), and many EDs still operate under
hybrid staffing models where rotating physicians from various special-
ties provide care alongside a limited number of emergency medicine
consultants (8). Emergency nursing is also a young specialization,
only gaining partial formal recognition in 2013, through the addition
of the “certain other orientation” to the list of recognized nursing spe-
cialist degrees (9). To this day, a substantial part of the nursing staff at
Swedish EDs are Registered Nurses, without formal education in
emergency care.

Although Sweden has national laws and regulations governing
healthcare delivery (10, 11), there are no national guidelines specify-
ing how emergency department services should be organised. As a re-
sult, organisational structures and resource allocation vary across
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regions, influenced by local policies, population needs, and hospital
capacity. Urban regions typically have higher patient volumes and
more specialized services, while smaller regions may experience differ-
ent patterns of ED patient flow (8).

In Swedish emergency care, certain patient groups are routinely redi-
rected from the ED based on their presenting complaint. Patients pre-
senting with conditions assessed as psychiatric are, to a large extent,
managed at dedicated psychiatric EDs, which operate 24 hours a day,
seven days a week. Other categories, such as gynaecology, ear-nose-
throat, and paediatrics, may be redirected during specific hours or
days, but are commonly managed in the ED outside regular office
hours. These practices influence the overall case-mix and should be
taken into consideration when interpreting the study findings and as-
sessing their generalizability.

1.2 Quality of Emergency Care

The World Health Organization (WHO) defines quality of care as the
degree to which health services increase the likelihood of desired
health outcomes and are consistent with evidence-based professional
knowledge. According to WHO, quality health services should be ef-
fective, safe, people-centered, timely, equitable, integrated, and effi-
cient (12). Sweden spends approximately 60,000 SEK per capita annu-
ally on healthcare, 11% of GDP, placing it among the top five OECD
countries in health expenditure (13). With 86% of costs financed
through regional and municipal taxes, monitoring efficiency and
quality is essential (14). Among the many indicators of ED perfor-
mance, one stands out: ED length of stay (EDLOS), the interval be-
tween arrival and departure (15). On the surface, EDLOS appears to
reflect only the timeliness dimension of quality, but extensive re-
search shows it is also linked to safety and efficiency (16-18). By virtue
of its simplicity and availability, this makes EDLOS a powerful proxy
for overall quality of care. EDLOS is not just an isolated metric of du-
ration: it reflects the tempo of patient flow through the emergency
department — an important but sometimes vilified aspect of ED op-
erations (19).

10 Jonas Andersson



1.3 Patient Flow

Patient flow ultimately unfolds as time: every interaction, delay, and
intervention is experienced and recorded in minutes and hours. To
understand flow, this fundamental dimension must be explored —
not only as an objective measure, but as something perceived and felt
by patients and clinicians alike.

1.3.1 Time

Time is often treated as an objective, measurable entity: seconds,
minutes, and hours ticking away at a constant pace. From a physical
perspective, this uniformity is foundational to how we structure pro-
cesses and measure efficiency. A minute is sixty seconds, neither more
nor less. However, human experience reveals a different truth: time is
profoundly relative. Psychological research shows that our perception
of time is shaped by attention, emotion, and context; moments of en-
gagement or comfort can feel fleeting, while states of uncertainty or
discomfort make even minutes seem like an eternity (20). This subjec-
tive relativity becomes especially relevant in healthcare settings,
where episodes of pain or severe illness can make time feel as though
it slows down or even stands still. The perceived acuity and demands
of a health condition, can exacerbate consciousness of the passage of
time (21). In the ED, patients rarely perceive time as neutral; instead,
they experience waiting in sterile examination rooms as isolating and
timeless. The lack of sensory stimulation and uncertainty about when
care will resume can heighten feelings of abandonment and anxiety,
and the absence of information amplifies frustration and distress (22).

1.3.2 Waiting

Waiting can be defined as a stationary, and unspecified time frame
phenomenon, characterized by an uncertainty regarding personal out-
comes, but for the definite purpose of something expected (23). This
expectation gives waiting its purpose, yet also its tension: the individ-
ual is suspended between the present and an uncertain future. Unlike
active engagement, waiting often involves diminished agency, where
control over timing or outcome lies elsewhere. It is a state character-
ized by vulnerability, shaped by context and perception rather than

Emergency department flow 11



by the actual passage of clock time (24). The experience of waiting
can therefore vary dramatically; what is objectively brief may feel
never-ending when coupled with anxiety or discomfort. Understand-
ing waiting as both a temporal and experiential phenomenon is essen-
tial before considering its specific manifestations in healthcare set-
tings such as the ED (25).

Even though time spent in the ED can be filled with active treatment
and care, the full passage of time between arrival and departure has
often been referred to as ‘waiting’. This has been done both by media
and in scientific research (26-28). However, in most of the recent sci-
entific publications there is a tendency to use more specific time in-
tervals in reference to waiting, such as door-to-provider: reflecting the
time between patient arrival and the first assessment by a physician,
or disposition-to-departure: measuring the interval between disposi-
tion decision and when the patient physically leaves the ED (29).

Regardless of definition, the concept of waiting inevitably accompa-
nies ED length of stay — and the inherent passiveness and uncer-
tainty that waiting implies, makes increased EDLOS a convenient
proxy for inefficiency and reduced quality of care. Research suggests
that prolonged EDLOS can negatively influence patient satisfaction,
not only because of the physical discomfort associated with extended
stays but also due to the psychological burden of uncertainty and per-
ceived neglect (17, 22, 30). Patients frequently interpret longer stays
as a sign of systemic inefficiency or low prioritization, which can
erode trust in the healthcare system. Conversely, shorter EDLOS is
generally associated with higher satisfaction scores, which can be
clearly visible by comparing publicly reported data on EDLOS and
wait times (31) to patient satisfaction surveys performed at the same
sites (32) (Figure 1). While patient satisfaction is not necessarily the
most comprehensive indicator of quality of care, it has been shown to
correlate closely with other established measures of quality and safety
(33).
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Figure 1 — Each dot on the graphs represents an individual Swedish ED, its re-
spective median waiting time on the x-axis and the rate of positive responses
according to the National Patient Satisfaction Survey on the y-axis.

1.3.3 Crowding

ED crowding is a pervasive and complex issue that significantly im-
pacts patient flow and the overall quality of care. It occurs when the
demand for ED services exceeds the department's capacity to provide
timely care (34), leading to increased waiting, prolonged patient stays,
and compromised patient outcomes, such as increased morbidity and
mortality (35). Crowding is often the result of various factors, includ-
ing surges in patient volumes, a shortage of available treatment
spaces, and challenges in discharging admitted patients to inpatient
units. This phenomenon not only poses risks to patient safety but also
strains healthcare resources and staff, potentially affecting the ED's
ability to respond efficiently to emergencies (36).

In multiple systematic reviews, EDLOS was found to be one of the
most utilized measures of crowding, due to its availability and its po-
tential to be generalized across different sites. It was also concluded to
be a useful measure, due to the close relationship between patient
flow and crowding (37, 38). A series of studies conducted in Sweden
recently found that ED crowding was associated with increased mor-
tality, when adjusted for baseline co-morbidity (39). The association
was more prominent in sub-group analysis of admitted patients in
counties with high average hospital bed occupancy (40).
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1.4 Patient Flow Dichotomized

Efficiency and timeliness are critical factors in emergency care, where
swift interventions can significantly impact patient outcomes (17).
With the aim to ensure that patients receive timely care, many EDs
globally have implemented time-targets (41). These time-targets are
specific benchmarks or goals that healthcare providers strive to
achieve at various stages of the patient journey within the ED. Time-
targets in the ED are designed to optimize patient flow, improve re-
source allocation, and enhance the overall quality of care (42-44).

Since the earliest implementations of time-targets in the UK in 2001
(42), they have been both questioned and praised, and in a recent sys-
tematic review it was concluded that they had both negative and posi-
tive effects on the timeliness and quality of emergency care (45). In
Sweden, a national time target for EDLOS has never been imple-
mented. However, the Swedish National Board of Health and Welfare
used the 4-hour benchmark, reported as proportion of visits with an
EDLOS below 4 hours, from the beginning of EDLOS monitoring in
2010 through 2015 (46, 47). The Swedish Association of Local Au-
thorities and Regions (SKR) still use this benchmark today (48).

While dichotomizing continuous measures is often criticized for dis-
carding information and increasing error rates (49), there are prag-
matic reasons to use clear cut-offs in emergency care. Thresholds can
accelerate risk stratification, support standardized protocols and eligi-
bility decisions, and simplify interpretation when rapid action is re-
quired. This is especially relevant when the cut-point corresponds to a
biologically or clinically meaningful threshold (50, 51). At the same
time, methodological cautions are well documented: outcome-based
“optimal” cut-points can inflate type I error, overstate effect sizes, re-
duce statistical power, and fail to replicate across settings (49, 52).
Taken together, these arguments justify the practical use of dichoto-
mization in time-critical contexts while underscoring the need for
transparent justification of thresholds and complementary analyses
that consider the full continuous distribution. The unresolved ques-
tion, however, is whether EDLOS: an aggregate of active care and
waiting, shaped by clinical complexity and organisational processes,
truly lends itself to a single universal cut-off; evidence to date is
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mixed, indicating a knowledge gap about when, and for whom, di-
chotomizing EDLOS is clinically relevant.

1.5 Patient Flow Conceptualized

Although EDLOS has often been employed as a proxy for various as-
pects of emergency care — such as waiting, crowding, and just quality
in general — it is, in its most literal sense, simply a time interval.
Conceptually, however, EDLOS may be most accurately understood
as an indirect measure of patient flow, reflecting one of two key com-
ponents of ED flow, i.e. the dynamics of throughput and system per-
formance within the emergency care system. The other key compo-
nent being ED attendance (53-55) (Figure 2). This interpretation of
EDLOS as a reflection of patient flow aligns closely with the concep-
tual framework proposed by Asplin et al., who describe emergency
department operations through the interconnected domains of input,
throughput, and output (56).

The “Input-Throughput-Output”model is a foundational theoretical
framework widely utilized in ED research, particularly in the study of
ED crowding. This model provides a comprehensive lens through
which one can examine and understand the intricate dynamics of pa-
tient flow within EDs. In essence, the "Input-throughput-output"
model serves as a valuable tool for both researchers and healthcare
practitioners engaged in the study and management of patient flow in
the ED. Its structured approach enables a more comprehensive assess-
ment of ED operations and facilitates evidence-based decision-making
to enhance the overall quality of care provided in this critical
healthcare setting (57).

1.5.1 Input

The input component represents the entry point of patients into the
ED. It encompasses various factors, including the number and acuity
of incoming patients, their demographics, the nature of their medical
conditions, and the timing of their arrivals. Understanding the input
is essential because it sets the stage for the entire patient flow process
within the ED (56). In Sweden, overall ED attendance has remained
stable or even declined in recent years, while average EDLOS has
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gradually increased (58) (Figure 2). This development suggests that
changes in patient characteristics — such as an ageing population and
a higher prevalence of multimorbidity and frailty — may influence
the complexity of care required (59). A further temporary but pro-
nounced shift occurred during the COVID-19 pandemic, when ED
attendance dropped sharply (Figure 2) and case-mix changed ab-
ruptly, with fewer low-acuity presentations and a higher proportion
of severely ill patients (60). Such shifts in case mix can affect diagnos-
tic and treatment processes, even when the total number of arrivals
does not rise (61, 62).

Trends in ED patient flow in Sweden 2016-2024
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Figure 2 — Statistics from the Swedish National Board of Health and Welfare
(58) on yearly attendance (excluding patients aged 18 and younger) and me-
dian EDLOS.

Another possible explanation for prolonged EDLOS is the assump-
tion that an increasing proportion of patients attending EDs have
non-urgent or even inappropriate conditions, meaning their medical
needs are not severe enough to require emergency care (63, 64). Rea-
sons for seeking ED care for non-urgent issues vary and may include
convenience, perceived urgency, fear of serious symptoms, or limited
access to primary healthcare (65). Non-urgent patients often experi-
ence lower quality of care (66) and some develop persistent patterns
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of healthcare-seeking behaviour, classifying them as high-frequency
ED users (67). Numerous interventions aimed at reducing non-urgent
ED visits over the past decades have largely proven ineffective (68).
However, experiences during the COVID-19 pandemic have demon-
strated promising potential for reducing avoidable ED attendance
(69).

International evidence suggests that high-frequency ED users (HEDU)
account for a disproportionate share of visits and costs (67, 70), yet
Swedish research on this topic has been scarce. Previous studies were
limited to a few older investigations (71, 72) and one focusing exclu-
sively on older adults (73), leaving a gap in understanding the charac-
teristics, resource use, and potential impact of HEDU on patient flow
and EDLOS in contemporary Swedish settings. Intervention studies
internationally have largely converged on three approaches: case man-
agement, individualized care plans, and information-sharing systems.
Of these three approaches, case management — utilizing patient cen-
tred solutions focusing on integrating primary care and community
services — has shown the most consistent, though still modest, evi-
dence base (74).

1.5.2 Throughput

The throughput component of the model represents the processes
and activities that occur within the ED to assess, diagnose, treat, and
disposition patients. It includes clinical assessments, diagnostic test-
ing, treatment interventions, and the coordination of care (75).

One fundamental aspect of managing patient flow within the ED is
the process of triage. Triage, derived from the French word "trier"
meaning to sort, is a crucial initial step in assessing and prioritizing
patients based on the severity of their conditions (76). Triage nurses
and other healthcare professionals use standardized assessment tools,
such as the Emergency Severity Index (ESI) (77), the Manchester Tri-
age System (MTS) (78) or the Rapid Emergency Triage and Treatment
System (RETTS) (79), to quickly evaluate patients' vital signs, symp-
toms, and medical histories. This central process aims to ensure that
the most critically ill or injured patients are promptly seen by
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healthcare providers, while those with less severe conditions may ex-
perience longer wait times (80).

In the Swedish ED setting RETTS is widely used. It is a five-level acu-
ity scale, originally inspired by the MTS, that in addition to prioritiz-
ing patients, also offer guidance on patient flow logistics (81). RETTS
offers structured guidance for immediate clinical actions and provides
recommendations that support the organisation of care processes and
patient flow (82). For example, certain chief complaints trigger prede-
fined sets of laboratory analyses, which can be initiated early in the
ED process. This structured approach aims to standardize care and ex-
pedite decision-making, but it also means that triage decisions di-
rectly shape resource allocation and throughput dynamics within the
ED. As a result, concerns have been raised about potential unin-
tended consequences. The American Academy of Emergency Medi-
cine has cautioned that triage-triggered test orders may contribute to
an overall increase in laboratory utilization (83). In addition, simula-
tion modelling has identified over-testing as a potential unintended
consequence of triage standing-order protocols (84), and organisa-
tions such as the Choosing Wisely initiative have highlighted the asso-
ciated risks of patient harm and the cost-driving effects of routine la-
boratory testing (85).

Beyond triage, throughput encompasses the full spectrum of pro-
cesses that occur within the ED to assess, diagnose, and treat patients
before disposition. Among these, diagnostic testing and imaging are
consistently identified as major determinants of EDLOS in interna-
tional research. Studies from North America and Australasia have
shown that laboratory panels and radiologic investigations, particu-
larly computed tomography and ultrasound, add substantial time to
ED encounters (86-88). While point-of-care testing can mitigate some
delays, its adoption remains uneven, and evidence suggests that se-
quencing and prioritization of diagnostics may be as critical as their
availability (89, 90). Few studies have quantified the relative contribu-
tion of diagnostic processes to EDLOS in Sweden. Existing literature
has largely focused on patient characteristics and disposition status as
explanatory factors of prolonged stays (91).
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1.5.3 Output

The output component of the model reflects the outcomes of the ED
visit, including patient dispositions such as admission to inpatient
units, discharge, or transfer to other facilities. The factors studied dur-
ing the output phase include access block, transfers to other facilities
and other potential obstacles to the outflow of patients from the ED
(56).

Access block, a significant challenge within the healthcare system, has
a profound impact on the flow of patients within an ED. This phe-
nomenon occurs when patients who are medically ready for admis-
sion to inpatient units cannot be transferred due to a shortage of
available beds (92), causing a bottleneck within the ED. Access block
serves as a critical determinant of ED patient flow and efficiency, in-
fluencing nearly every aspect of the patient journey (93). Boarding is
another term for the same phenomenon, more commonly used in the
United States (34).

Access block affects patient flow by creating a series of cascading de-
lays and challenges within the ED. When admitted patients occupy
ED treatment spaces for extended periods due to the unavailability of
inpatient beds, it limits the capacity to accommodate incoming pa-
tients efficiently. As a result, incoming patients may experience pro-
longed wait times for initial assessments, diagnostic tests, and treat-
ment, disrupting the flow of care (94, 95). Access block is, of course,
also a concern for the patients waiting for a hospital bed. Several stud-
ies have been able to demonstrate the association between delayed ac-
cess to in-hospital care and poor outcomes (96, 97).

A lack of in-hospital beds has been proposed as the main explanation
for both ED crowding and prolonged EDLOS by several systematic
reviews (36, 98), as well as two separate studies conducted in Sweden
(59, 91). However, there are many processes within the ED settings
that likely contribute to extended EDLOS for patients subsequently
admitted to in-hospital care (87), but these processes have not been
thoroughly explored in the Swedish ED setting.
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1.5.4 Beyond the Linear Model of ED Flow

The input-throughput-output model has been instrumental in struc-
turing operational interventions and performance metrics. However,
its linear logic assumes relatively stable relationships between stages,
which may not reflect the adaptive, non-linear reality of ED patient
flow, where balance between clinical quality and organisational effi-
ciency is delicate (99). Recent work has highlighted that modern
emergency care increasingly departs from this linear sequencing,
shifting toward more flexible, overlapping, and parallel processes
(100). The Emergency Department Benchmarking Alliance (EDBA)
describes this as a movement from traditional step-wise care toward a
model in which evaluation, testing, and treatment may begin simulta-
neously or out of the expected order, reflecting innovations such as
provider-in-triage (101) and triage-initiated protocols (102). This evo-
lution underscores that contemporary ED operations behave less like
a pipeline and more like a dynamic, adaptive workflow (34). The dif-
ference between traditional ED care and the new paradigm is de-
picted in Figure 3.
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Figure 3 — (A) Traditional ED care: sequential events. (B) New paradigm: par-
allel processing and overlapping sub-cycles. Model developed by EDBA (34)
and used with their permission.

Another way of conceptualizing the ED flow, is by applying complex
adaptive system (CAS) theory (103). Seen through this lens, patient
trajectories emerge from interactions among clinicians, technologies,
and organisational structures. CAS theory frames the ED as a network
of agents operating under conditions of uncertainty, with adaptive be-
haviours and feedback loops shaping outcomes. Rather than viewing
integration as a linear “continuity of care” problem, CAS emphasizes
porous boundaries, negotiation, and emergent order. This perspective
accounts for why interventions based on linear models often fail to
scale: they overlook the self-organising, dynamic nature of ED ecosys-
tems (104).
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Rationale

Emergency medicine and emergency care is evolving. An increasingly
complex patient population and a healthcare system with finite re-
sources requires purposeful management of the patient flow within
the emergency department. All patients deserve safe and timely care
and tax-paying citizens deserve cost-efficient resource utilization. To
achieve this, however, has proven difficult in many healthcare sys-
tems, and over many years of research and development. Every
healthcare system has their unique features. The solution proposed in
one setting, is not necessarily the most appropriate for another set-
ting.

There is uncertainty regarding the usefulness of time-based bench-
marking. There is also uncertainty regarding the nature of the prob-
lem that faster flow through the emergency department is supposed
to solve. Furthermore, the factors that shape EDLOS — spanning
from input factors such as case-mix and acuity, throughput processes
including triage and diagnostics, as well as output constraints driven
by access to inpatient beds — all interact in complex ways that remain
underexplored in the Swedish context.

Finally, there is a need for studies that better characterise how recur-
rent and complex patterns of emergency department use shape re-
source demand and patient flow in the Swedish context, and, in paral-
lel, for research that clarifies the consequences of prolonged EDLOS,
particularly for those vulnerable patient groups most at risk of adverse
outcomes.
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2 Aim

The overall aim of this thesis was to develop a deeper understanding
of patient flow in Swedish emergency departments, with particular
focus on process determinants of EDLOS and on patient groups at
greatest risk of poor outcomes.

2.1 Specific Objectives

For the individual studies, the specific objectives were:

I to analyse different uses in the literature of the concept
‘long EDLOS’ in order to clarify its meaning,.

11 to determine the input-, throughput- and output factors
associated with EDLOS, at two urban EDs in Sweden.

11 to determine the prevalence and costs of high-fre-
quency ED users (HEDU) (>4 visits/year) compared to
non-HEDU and to determine the factors and outcomes
associated with being a HEDU using the electronic
health record.

vV to investigate the association between EDLOS and poor
outcomes, identify vulnerable sub-populations and ex-
amine the impact of EDLOS on mortality before, dur-
ing, and after the COVID-19 pandemic.
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3 Materials and Methods

This thesis comprises four studies that together address the overarch-
ing aim of improving the understanding of patient flow in Swedish
emergency departments. The four studies differ in design but comple-
ment each other methodologically. An overview of designs and meth-
ods are presented in Table 1. Study I differs fundamentally from the
other studies as it is a literature-based concept analysis, while studies
II-IV are quantitative observational studies. Therefore, its methods are
described separately in section 3.1, followed by a description of the
methods and materials used in studies II-IV, highlighting their simi-
larities and differences.

Table 1. Overview of the thesis.

Study # Design Materials Analysis

| Qualitative Concept 17 scientific articles = 8-step approach by

analysis + grey literature Walker & Avant
(105)
Il Retrospective obser- = Electronic health Multivariable linear
vational study record data from regression
222,047 ED visits
1 Retrospective obser- = Electronic health Descriptive statis-
vational study record data from tics, multivariable
121,403 ED visits logistic regression
and regional cost and case costing
ledger data
1\ Population epidemi- = Registry data from Predictive model-
ology approach us- 5,049,641 ED visits,  ling and linear re-
ing registry linkage connecting 15 EDs gression

3.1 Study |

The concept analysis was conducted using the eight-step approach de-
scribed by Walker and Avant (105). The first two steps: (1) selecting
the concept and (2) determining the aim of the analysis, are similar to
any approach to a scientific query, regardless of method. Step three
(3): identifying all uses of the concept, involved an extensive literature
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review which is described in section 3.1.1. Step four (4): determining
the defining attributes, considered by Walker and Avant as the “heart
of concept analysis,” (105, p. 162) required analysing the descriptions
of identified uses to extract recurring characteristics. Steps five and six
included constructing and presenting cases to illustrate the concept. A
model case was developed to demonstrate all defining attributes, and
a borderline case was included to clarify what the concept is not. Step
seven (7): identifying antecedents and consequences, described the
conditions necessary for the concept to occur and the outcomes asso-
ciated with its presence. Finally, step eight (8): defining empirical ref-
erents, aimed to specify how the concept could be measured in prac-
tice, particularly when defining attributes are abstract.

3.1.1 Literature Review

A comprehensive literature search was conducted in the PubMed and
CINAHL databases to identify all uses of the concept “long emer-
gency department length of stay (EDLOS)”. Synonyms for long (pro-
longed, extended, protracted) and alternative terms for the setting
(emergency department, emergency room) were included. Reference
lists of relevant articles were screened for additional studies, reports
and other types of grey literature. Dictionaries were consulted to clar-
ify the meaning of the term ‘long’. No restrictions were applied re-
garding publication date; however, the search was limited to English
and Swedish language publications. A research librarian supported
the literature search to ensure methodological rigor.

The aim of the literature review was not only to identify explicit defi-
nitions of “long emergency department length of stay (EDLOS)” but
also to capture implicit uses of the concept in broader contexts. This
included studies where “long EDLOS” appeared as a proxy or second-
ary measure for other phenomena — such as crowding, boarding, or
quality of care — even when the authors did not consciously define
or analyse the concept itself. This approach reflects Walker and
Avant’s recommendation to identify all uses of the concept, ensuring
that the analysis considers both deliberate and incidental applications
in the literature. Although this was not a systematic review, the litera-
ture search and selection process were documented and presented
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using PRISMA principles to enhance transparency and reproducibil-
ity (see Figure 4).

g Records identified through Records identified through
'ﬁ CINAHL searching PubMed searching
£ (n=1337) (n=873)
£ —
=
T Duplicates removed
" '
E Records screened after duplicates A Records excdluded
x5 removed - (n=1017)
S {n=1112)
) |
Abstracts read Record.s excluded due to
(n=095) irrelevance
= (n = 84}
E
& 3
ﬁ Additional ds identified
Full text assessed for eligibility ftional records | er.1t| ©
(n=11) through reference lists
_— (n=11)
3 3
-
& Sources included: n = 22
‘_3_, Scientific journal articles: n =17
I= Grey literature:n =5

Figure 4 — PRISMA flow chart, describing the literature review and inclusion of
data process.
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3.2 Studies Il through IV

While the specific research questions differed — ranging from deter-
minants of EDLOS (Study II) to characteristics and costs of high-fre-
quency ED users (Study III) and associations between EDLOS and pa-
tient outcomes (Study IV) — Studies II through IV share common
methodological principles. To avoid redundancy and to highlight
these shared foundations, the methodology for Studies II-1V is pre-
sented together below, using a consistent set of subheadings.

3.2.1 Design

Studies II-IV employed retrospective observational designs enabling
analysis of operational factors and patient outcomes under real-world
conditions using routinely collected ED data, without introducing ex-
perimental interventions. Retrospective observational studies are well
suited for health services research because they allow inclusion of
large, unselected populations, supporting external validity and reflect-
ing the complexity of emergency care systems (106).

Study II examined determinants of emergency department length of
stay (EDLOS) by applying the input—throughput—output framework
to two hospitals in central Sweden. All adult and paediatric ED visits
during a two-year period (January 1, 2018-December 31, 2019) were
included, except those with incomplete records or patients who left
without being seen. The rationale for this design was to identify fac-
tors influencing EDLOS across the entire patient flow, using opera-
tional and clinical data routinely documented in electronic health rec-
ords.

Study III focused on high-frequency ED users (HEDU) at a single uni-
versity hospital during the same two-year period (January 1, 2018-De-
cember 31, 2019). The study aimed to determine the prevalence, costs,
and characteristics of patients with repeated ED visits, defined as >4
visits within the preceding 12 months. To apply this definition accu-
rately, each patient required a full 365-day retrospective assessment.
For example, to classify a patient as a HEDU on January 1, 2019, it
was necessary to verify all ED visits during the previous year. There-
fore, a two-year data collection period was essential to ensure
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complete look-back coverage for every patient while also capturing
seasonal variations in ED utilization.

Study IV investigated associations between EDLOS and patient out-
comes across multiple hospitals and administrative regions in Swe-
den. This study utilized all available data from the Swedish National
Emergency Registry (SVAR) for the period 2015-2023, encompassing
millions of ED visits. The extended timeframe was necessary to
achieve sufficient statistical power for rare outcomes such as short-
term mortality and to enable sub-group analysis, but also to analyse
the possible effect of the COVID-19 pandemic on the relationship be-
tween EDLOS and patient outcomes. The registry-based design ena-
bled linkage to national mortality data and allowed for adjustment of
patient-level and hospital-level confounders.

3.2.2 Setting

Study Il was conducted in two EDs located in central Sweden: Orebro
University Hospital (OUH) and Malarsjukhuset Eskilstuna (MSE).
OUH is a tertiary care university hospital and level 1 trauma centre
with approximately 402 inpatient beds and an annual ED volume ex-
ceeding 60,000 visits. It serves a catchment area of roughly 300,000 in-
habitants and provides comprehensive emergency services, including
trauma, stroke, and interventional cardiology care. MSE is the largest
hospital in its administrative region, with approximately 240 inpa-
tient beds and an annual ED volume of 50,000-65,000 visits. At the
time of data collection for both studies I and III, both hospitals used
the Rapid Emergency Triage and Treatment System (RETTS), a five-
level acuity scale widely implemented in Swedish EDs. Patients pre-
senting with psychiatric, gynaecological, or certain minor orthopae-
dic complaints are redirected to specialty-specific units outside the
ED.

Study III was restricted to OUH, which was selected for its high pa-
tient volume and availability of detailed administrative and cost data,
enabling robust analysis of high-frequency ED users.

Study IV included all hospitals participating in the Swedish Emer-
gency Registry (SVAR) from January 2015 to May 2023. SVAR is a
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national quality registry that collects standardized data on ED visits
across multiple administrative regions, including patient de-
mographics, triage priority, chief complaint, and timestamps for arri-
val and discharge. The registry covers a mix of university hospitals, re-
gional hospitals, and smaller community EDs, providing a
heterogeneous sample representative of Swedish emergency care
(107). This multi-centre design allowed for the examination of ED pa-
tient flow and outcomes across diverse organisational contexts and a
wide array of patient subpopulations.

3.2.3 Study Population

Study II examined visits to two urban EDs in central Sweden, repre-
senting different organisational structures but similar patient flow
models. All registered visits during the study period were included,
except those where patients left without being seen. Transfers be-
tween specialty zones were merged into single encounters to reflect
continuous ED stays. The population encompassed all age groups and
a broad case-mix.

Study III focused on high-frequency ED users (HEDU) at a single aca-
demic hospital. All ED visits over two years were considered, with ex-
clusions for duplicate records, incomplete cost data, and non-index
registrations generated by intra-ED zone transfers. Patients were cate-
gorized by visit frequency into predefined groups of Repeat (4-7 vis-
its), High (8-18 visits) and Super (19 or more visits).

Study IV utilized a national emergency care registry linked to multi-
ple Swedish healthcare registries, covering ED visits across 15 separate
hospitals before, during, and after the COVID-19 pandemic. Patients
who left before disposition and implausible EDLOS outliers were ex-
cluded. Subgroup analyses were based on age, disposition, and chief
complaint categories.

Common principles across studies II-IV included consecutive inclu-
sion of eligible visits, exclusion of patients having left without being
seen, and removal of implausible EDLOS values. All studies used
RETTS for triage and captured specialty zoning and time markers
from ED registries.
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3.2.4 Data Sources

Data for studies II-IV were obtained from routinely collected elec-
tronic health records and administrative registries, supplemented by
relevant national datasets. For Studies II and III, information was ex-
tracted from local ED registries at the participating hospitals, includ-
ing demographic details, triage assessments, timestamps, and disposi-
tion data. Laboratory and imaging records were retrieved from
hospital department databases and linked to ED encounters using
unique patient identifiers. Cost data for Study III were obtained from
the regional healthcare costing ledger, which applies standardized na-
tional methods for calculating patient-level costs.

Study IV utilized the Swedish National Emergency Registry (SVAR),
which automatically captures ED visit data from electronic health rec-
ords at participating hospitals (107). SVAR was linked to multiple na-
tional registrie to obtain mortality outcomes, comorbidity profiles,
and hospital length of stay. The Swedish Population Registry pro-
vided date of death, while the National Patient Registry (NPR) sup-
plied diagnostic codes for calculating comorbidity index. All linkages
were performed using the unique personal identification number as-
signed to all residents in Sweden, ensuring comprehensive coverage
and accurate matching across data sources.

Across all studies, registry linkage and hospital-level data integration
enabled robust ascertainment of exposures, covariates, and outcomes.
Data quality was assessed prior to analysis, and exclusions were ap-
plied where reporting was incomplete or implausible values were

identified.

3.2.5 Variables and Measures

Variables were selected to reflect patient characteristics, clinical pro-
cesses, and outcomes relevant to ED operations and patient flow (II
and III) as well as patient safety and quality of care (study IV). Defini-
tions and categorizations were aligned with established standards and
adapted to the context of Swedish ED care.

Study II examined factors associated with ED length of stay (EDLOS)
using the input-throughput—output conceptual model. Input
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variables included demographic characteristics (age, sex), referral sta-
tus, mode and time of arrival. Age was categorized into clinically
meaningful groups, and arrival time was grouped according to staff-
ing shifts. Throughput variables encompassed triage level, time-to-
physician, diagnostic testing, imaging, and intra-ED zone transfers.
Output variables included patient disposition and hospital bed occu-
pancy, categorized into predefined levels. The primary outcome was
EDLOS, measured in minutes from arrival to departure.

Study III focused on high-frequency ED use. The primary exposure
was visit frequency, categorized into HEDU and non-HEDU, with
subgroups defined by increasing visit counts. Additional variables in-
cluded demographic characteristics, triage level (RETTS), referral
source, arrival mode and time, presenting complaint, assigned ED
zone, zone transfers, radiology use, and disposition. Cost measures
were derived from standardized regional costing systems and reported
at both visit and patient level. Three separate analyses were con-
ducted, the first using mean cost per patient as primary outcome, the
second using HEDU category as outcome measure. The third and fi-
nal analysis used a selection of patient outcomes, primarily adherence
to the 4-hour target for EDLOS.

Study IV investigated associations between EDLOS and adverse out-
comes across different phases of the COVID-19 pandemic. The pri-
mary exposure was EDLOS, analysed both as absolute time and as de-
viation from expected values predicted from triage level and chief
complaint. Outcomes included short-term (0-48 hours) and long-term
(30 days) mortality, unplanned return visits within 72 hours, and hos-
pital length of stay. Subgroup analyses were conducted by age, dispo-
sition, and chief complaint categories. Comorbidity burden was
quantified using the Charlson Comorbidity Index, calculated from
national inpatient and outpatient records prior to the index ED visit.

Across all studies, variable definitions were standardized where possi-
ble, using the European Society for Emergency Medicine’s Template
for uniform reporting of emergency department measures (15).
Where necessary, categorical groupings were based on clinical rele-
vance and prior literature.
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3.2.6 Statistical Analysis

Study II applied multivariable linear regression to examine associa-
tions between explanatory variables and EDLOS. The model was con-
structed using a stepwise backward elimination procedure to remove
non-significant covariates. Assumptions of linear regression were as-
sessed through residual diagnostics, and multicollinearity was evalu-
ated using variance inflation factors. Statistical significance was de-
fined as a p-value threshold of less than 0.01, and 95% confidence
intervals were reported for all estimates.

Study III employed descriptive statistics to analyse cost and resource
utilization, followed by multivariable logistic regression to estimate
adjusted odds ratios for factors associated with high-frequency ED use
and also to estimate odds ratios for the association between different
HEDU categories and different patient outcome measures. Separate
models were fitted for predefined subgroups of frequent users. Cost
analyses were conducted from a healthcare payer perspective, with
costs aggregated at both visit and patient level. Due to the short time
interval, no inflation calculations were required.

Study IV utilized logistic regression to assess associations between ED-
LOS and binary outcomes, including short-term and long-term mor-
tality and unplanned return visits. For continuous outcomes such as
hospital length of stay, linear regression was applied. EDLOS was ana-
lysed both as an absolute measure and as deviation from expected val-
ues predicted from triage level and chief complaint. Subgroup anal-
yses were conducted by age, disposition, chief complaint, and
pandemic period. Adjustment for comorbidity was achieved using the
Charlson Comorbidity Index. Sensitivity analyses were performed on
complete cases to evaluate the robustness of findings.

Across all studies, analyses were conducted using Stata statistical soft-
ware. Results were reported as effect estimates with corresponding
confidence intervals, and statistical significance was determined using
conventional thresholds.
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3.3 Ethical Considerations

Study I was a literature-based concept analysis using exclusively previ-
ously published data. Studies II-IV were observational studies based
on routinely collected health data, primarily intended for clinical care
but also used for research and quality improvement.

For Study I, issues of plagiarism and correct citation were addressed
by ensuring that all data were obtained from original sources and that
credit was given to the original authors. Presentation of results was
carefully managed to avoid misrepresentation or manipulation of

published findings.

Studies IT and III used hospital-level data containing information clas-
sified as sensitive under the General Data Protection Regulation
(GDPR) (108), which has been incorporated into Swedish law since
2018 (109). All data were stored on secure servers in accordance with
the Orebro University policy on information security. After merging
data from different sources, pseudonymization was applied to protect
individual identities.

Study IV utilized national registry data within the SCIFI-PEARL
framework, which links multiple Swedish health registrie for epide-
miological research. This approach required strict adherence to
GDPR and Swedish legislation governing personal data. Registry link-
age was performed using encrypted identifiers, and all analyses were
conducted on pseudonymized datasets. In Studies II-IV, all analyses
were conducted at group level on large population-based samples,
which made re-identification of individual persons highly unlikely.

The Declaration of Helsinki (110) served as the cornerstone for guid-
ing ethical principles in research involving human subjects. In the
context of these studies, the primary ethical concern was safeguarding
personal information and ensuring confidentiality. Obtaining in-
formed consent from all individuals was deemed impossible or highly
impractical due to the retrospective design and the large, heterogene-
ous study populations. To mitigate these challenges, rigorous
measures were implemented to protect data integrity and confidenti-
ality, including pseudonymization and secure data handling proto-
cols.
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In accordance with the GDPR (108), all processing of personal data
must rest on a lawful basis. The lawful basis for studies II-IV was per-
formance of a task carried out in the public interest, which was con-
firmed by the Swedish Ethical Review Authority under the following
reference numbers:

. Study II: Dnr 2020-01614
e Study III: Dnr 2020-01614
. Study IV: Dnr 2020-01800

The research was conducted in accordance with national regulations
and international ethical standards, balancing individual rights with
the societal benefits of improving patient safety and quality of care in
emergency departments. The thesis was planned, conceptualized,
drafted, revised and edited by the author. Language editing was inter-
mittently supported by a large language model. No data extraction,
statistical analysis or source generation was delegated to Al systems;
all factual claims and references were verified by the author.
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4 Results

The Results section is organised into three parts. First, an overview ta-
ble summarizes the aims and main results of all four studies included
in the thesis (Table 2). Second, the results from each individual study
are reported in separate subsections, providing detailed descriptions
of study-specific analyses and outcomes. Finally, a synthesized analysis
is presented, addressing the overarching aim of the thesis by integrat-
ing findings across studies.

Table 2. Overview of the aims and main results from all studies included in the

thesis

% Aim Main results

to analyse different uses
in the literature of

the concept ‘long ED-
LOS’ in order to clarify
its meaning.

to determine the input-,
throughput- and output
factors associated with
EDLOS, at two urban
EDs in Sweden.

to determine the preva-
lence and costs of high-
frequency ED users
(HEDU) compared to
non-HEDU and to deter-
mine the factors and
outcomes associated
with being a HEDU

to further explore the as-
sociation between ED-
LOS and patient out-
comes, with a focus on
mortality and other im-
portant endpoints

Long EDLOS was primarily used as proxy for
other phenomena, e.g. boarding or crowding.
The definitions included cut-offs ranging be-
tween 4 and 48 h. The attributes defining long
EDLOS were waiting, crowding and ineffi-
ciency.

The most influential factors contributing to in-
creased EDLOS were diagnostic imaging, la-
boratory testing and intra-ED zone transfers.
Arriving during crowding or being admitted
during high hospital bed occupancy had a rel-
atively small effect on EDLOS.

HEDU represent a relatively small proportion
of patients but account for a disproportion-
ately large share of ED visits and costs. HEDU
are unlikely to undergo radiology and to be dis-
charged within 4 hours.

EDLOS demonstrated a non-linear association
with mortality, with peaks at very short stays
and weak association to poor outcomes at ex-
tended stays. Subgroup analyses revealed that
discharged patients and those presenting with
non-specific complaints were most vulnerable
to deviations from expected EDLOS.
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4.1 What is the Meaning of Long EDLOS (Study I)

EDLOS is widely used as a performance indicator in emergency care
research and policy. However, the concept of “long EDLOS” has his-
torically lacked a consistent definition. The concept analysis (Study I)
revealed that the term is often applied as a proxy for other phenom-
ena — such as crowding, boarding, or inefficiency — rather than as a
standalone construct.

“Emergency department (ED) crowding is common and associ-
ated with increased costs and negative patient outcomes. The aim
of this study was to conduct an in-depth analysis to identify the
root causes of an ED length of stay (ED-LOS) of more than six
hours” Driesen et al. (111), problematizing ED Crowding —
but investigating long EDLOS.

The concept analysis indicated that two conditions must be present
for an ED stay to be regarded as “long.” First, there needs to be an ex-
pectation: either from the patient or the healthcare system, that care
will be delivered within a certain timeframe. Second, a defined time
limit must exist, such as a national or local target for EDLOS. With-
out these elements, the notion of “long EDLOS” becomes meaning]ess,
as the duration of stay cannot be evaluated against any benchmark.

The concept analysis showed that published thresholds for defining
“long EDLOS” varied in a wide range, from 4 to 48 hours. Most cut-
offs originated from national or regional time-targets rather than em-
pirical evidence. No single threshold emerged as superior to others in
terms of clinical justification or outcome prediction. This wide varia-
tion underscores the arbitrary nature of existing definitions and sup-
ports the decision to avoid adopting a universal cut-off in this thesis.

“6 b 1s a reasonable amount of time - long enough for good clini-
cal care but not unjustifiably long” New Zealand Ministry of
health (43), justifying the choice of the 6 h cut-off.

Defining attributes. The analysis identified three core attributes that
characterize long EDLOS:

e Waiting: Non-value-adding time during the ED stay, often linked
to delays in diagnostics or disposition.
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e Crowded ED environment: A mismatch between patient demand
and available resources, contributing to long ED stays.

o Inefficient organisation: Structural or process-related bottlenecks,
such as boarding or delayed imaging.

These attributes underscore that long EDLOS is not merely a matter
of elapsed time but reflects system- and operational factors.

Consequences associated with prolonged EDLOS include decreased
patient satisfaction, increased risk of adverse events, and, in specific
subgroups, higher mortality. However, the concept analysis did not
identify a single point in time at which EDLOS could reliably be con-
sidered “long”. In line with Walker and Avant’s terminology, an em-
pirical referent for “long EDLOS” would require determining the du-
ration at which patient safety and satisfaction begin to deteriorate.
This threshold is likely to vary across settings and patient subgroups,
suggesting that any suggested universal time limit might be arbitrary
and potentially misleading.
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Figure 5 — lllustration of the results derived from the concept analysis.
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4.2 From Arrival to Departure: Key Predictors of EDLOS (Study II)

After excluding duplicates, non-index registrations and patients who
left without being seen by a provider (LWBS), 222,047 patient visits
were included. The mean age was 43.5 years, and 110,728 (49.9%) pa-
tients were female. 43,995 patients (19.8%) arrived by ambulance and
58,080 (26.2%) were admitted to in-hospital treatment. For OUH and
MSE, the median EDLOS was 190 and 203 minutes respectively.

The multivariable linear regression models (Tables 3-5) demonstrated
strong overall fit, with R values of 0.60 for OUH and 0.55 for MSE
(p < 0.01 for both sites). At OUH, all included variables showed statis-
tically significant associations with EDLOS in minutes. At MSE, there
were nonsignificant associations for arrival day of week, referral by
general practitioner and for being admitted during low hospital occu-
pancy compared to being discharged home.

The regression analysis identified significant contributors to EDLOS
at both study sites, with patterns broadly consistent across hospitals.
Among input factors, patient characteristics such as age and arrival
mode influenced EDLOS, with ambulance arrivals and older age
groups associated with longer stays. Throughput factors were the
dominant drivers of EDLOS, particularly diagnostic imaging and la-
boratory testing, which added substantial time compared to patients
without these interventions. Intra-ED zone transfers also contributed
markedly to prolonged stays, while crowding had only a modest ef-
fect. Output factors, including admission status and hospital bed oc-
cupancy, were associated with smaller increases in EDLOS relative to
throughputrelated delays. Full estimates for all predictors are presented
in Tables 3-5, grouped by input, throughput, and output categories.

While most patterns were similar across OUH and MSE, some nota-
ble differences emerged. Paediatric patients (<18 years) were disposi-
tioned more quickly than adults at MSE, whereas at OUH they experi-
enced slightly longer stays compared to adults. Intra-ED zone
transfers also had a disproportionate impact at OUH, adding roughly
twice as much time as at MSE. Both discrepancies suggest organisa-
tional or workflow differences between the two hospitals.
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Table 3. Linear regression analysis of input factors associated with EDLOS
(minutes). Estimated coefficients and 95% confidence intervals (Cls). *=
p<0.01. Table adapted from publication of Study Il (112)

Independent variable

Coefficient (95% CI)
MSE

Age 0-17
18-64 (reference)
65-79
80+
Sex, female
Arrival day, Monday
Tuesday-Friday (ref.)
Weekend
Time of day, 8 AM — 4:59 PM (ref.)
5 PM-9:59 PM
10 PM-7:59 AM
Arrival by ambulance
Referral

Coefficient (95% CI)
OUH

11.8(10.6 - 13.0) *
0

7.6(6.3-9.0)*
14.7(13.1 -16.4)*
3.0(21-39)*
11.8(10.6 - 13.0) *
0
-5.2(-6.3--4.2)*
0

-12.6(-13.7 - -11.5) *
-13.8(-15.1 —-12.6) *

19.3(17.9-20.7)*
29(1.1-46)*

-8.3(-10.1--6.6) *

0
10.3(8.6—-12.1)*
11.3(9.2-13.5)*
27(1.4-39)*
-8.3(-10.1--6.6) *
0

0.8(-0.6 —2.3)
0
-6.8(-8.3--5.3)*

-10.2(-11.9--8.5) *
19.8(18.0-21.6) *
5.7(1.3-10.1)

Table 4. Linear regression analysis of throughput factors associated with ED-
LOS (minutes). Estimated coefficients and 95% confidence intervals (Cls). *=
p<0.01, POC = Point of care. Table adapted from publication of Study Il (112)

Independent variable

Crowding, low 0-75% (ref.)
Moderate 76-94%
High 95-100%

Triage level, Red (ref.)
Orange
Yellow
Green
Blue

Time-to-Physician (minutes)

0

54(42-6.6)*
9.8(7.6-11.9)*

0

52.1(49.6 -54.7)*
38.6(36.1-41.2)*
30.0(27.2-32.7)*
19.0(16.0-22.1)*
0.9(0.9,0.9)*

Emergency department flow

‘ Coefficient (95% CI) OUH  Coefficient (95% CI) MSE

0

9.6(8.0-11.1)*
11.5(8.8-14.3)*
0

64.2 (60.0 - 68.4) *
65.8(61.5—-70.0)*
57.7(53.3-62.2)*
52.6 (47.8-57.3)*
0.9(0.9,0.9) *
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Laboratory analysis, no labs (ref.)
excluding Trop-l and D-dimer
incl. Troponins not D-dimer
incl. D-Dimer not Troponins
incl. Troponins & D-Dimer
POC analysis only

Diagnostic imaging, no radiology
(ref.)

X-ray

Ultrasound

Computed tomography
Other examination

Intra-ED zone transfer

0
61.1(59.9-62.4)*
52.8(51.3-54.4)*
83.3(76.9-89.7)*
98.3(93.5-103.1) ¢
38.8(36.5-41.1)*
0

67.7 (66.0 —69.4) *
148.5(145.0 - 152.0) *
131.7(130.3-133.1) *
143.1(132.8 - 153.4) *
93.5(90.9-96.1)*

0

59.6 (58.0 -61.3) *
61.8(59.2 - 64.5)*
68.3(62.7 - 74.0)*
98.7 (92.8 - 104.6) *
26.0(23.3-28.8)*
0

63.8(62.1 —-65.5)*
121.2(117.4-125.1) *
125.3(123.5-127.1) *

46.4 (43.0-49.8)*

Table 5. Linear regression analysis of output factors associated with EDLOS
(minutes). Estimated coefficients and 95% confidence intervals (Cls). *=
p<0.01. Table adapted from publication of Study Il (112)

Independent variable

Disposition, discharged (ref.)
Admitted, <85% occupancy
Admitted, 85-95% occupancy
Admitted, >95% occupancy

Coefficient (95% CI) OUH

0

3.5(1.5-56)*
8.0(6.5-9.4)*
74(0.2-97)*

Coefficient (95% CI) MSE

0

0.7(-3.4-4.7)
45(24-6.7)"
16.5(14.3-18.8) *

4.3 Input Flow Amplification: Prevalence and Characteristics of
High-frequency ED Users (Study lll)

Between January 1, 2018, and December 31, 2019, a total of 132,191
ED visits were recorded at OUH. After excluding non-index registra-
tions (4.4%), duplicate entries (1.9%), and visits with missing cost
data (2.0%), 121,403 index ED visits remained, representing 69,984
unique patients. The mean age was 41.4 years, and 50.9% of patients
were female. Overall, 21.5% of visits were triaged as high acuity
(RETTS 1-2), 19.0% involved arrival by ambulance, and 26.5% re-
sulted in admission to in-hospital care. Median EDLOS was 3.1 hours.
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High-frequency ED use accounted for a small proportion of patients
but a substantial share of visits. Among 69,984 unique patients, 4,242
(6.19%) met the definition of high-frequency use (=4 visits per year),
representing 22.49% of all ED visits during the study period. Within
this group, most were classified as Repeat users (47 visits, 5.3%),
while smaller proportions fell into the High (8-18 visits, 0.7%) and
Super (=19 visits, 0.1%) categories. These findings indicate that a rela-
tively small patient segment contributes disproportionately to overall
ED utilization.

High-frequency users differed from the general ED population in sev-
eral respects. Compared to non-HEDU patients, they were more
likely to be male, present with abdominal pain, and arrive during
evening or night hours. They were also more likely to arrive by ambu-
lance and less likely to arrive on referral from a general practitioner,
compared to non-HEDU. High-frequency users were also to a higher
degree residents of Orebro municipality compared to the general ED
population.

High-frequency users demonstrated distinct patterns in resource utili-
zation and process outcomes. Compared to non-HEDU visits, they
were less likely to undergo radiologic imaging and less likely to meet
the four-hour EDLOS target. They were also more likely to leave the
ED without being seen by a physician (LWBS). In terms of cost, de-
scriptive analysis indicated that the mean cost per visit was slightly
lower, 3,583.19 SEK for HEDU compared to 3,662.94 SEK for non-
HEDU, while the cumulative cost per patient increased substantially
with visit frequency, reaching the highest levels among Super HEDU
patients.

4.4 Understanding Flow Vulnerabilities: EDLOS and Adverse
Outcomes (Study IV)

A total of 5,049,641 ED visits from 15 Swedish EDs were included in
the analysis, covering the period January 2015 to May 2023. The study
population was distributed across the three time periods: pre-pan-
demic (55.4%), pandemic (23.6%), and post-pandemic (21.1%). The
mean ED length of stay (EDLOS) was 276 minutes (median 221
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minutes), with a slight decrease during the pandemic and an increase
post-pandemic.

4.4.1 Association Between EDLOS and Mortality

Both short-term (0-48 hours) and long-term (within 30 days) mortal-
ity demonstrated a non-linear association with absolute EDLOS. Mor-
tality peaked for very short visits in the 30-90-minute range, then de-
clined toward the reference category (3—4 hours). Beyond this point,
long-term mortality showed a modest upward trend, whereas short-term
mortality continued to decline (Figures 6-7).

Short-term mortality (adjusted for co-morbidities) - Odds
ratios for groups based on EDLOS

.
e
b

0-0,5 0,541 1-1,5 1,5-2 2-3 4-5 56 6-8 8-10 10-12 1218 18+

Figure 6 — Adjusted OR for short-term mortality across EDLOS-categories (ED-
LOS in hours)
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Long-term (30 days) mortality (adjusted for co-morbidities) -
Odds ratios for groups based on EDLOS

1.8
1.6

14

0.8
0.6 i
0.4

0.2

0-0,5 0,5-1 1-1,5 1,5-2 23 4-5 5-6 6-8 8-10 10-12  12-18 18+

Figure 7 — Adjusted OR for long-term mortality across EDLOS-categories (ED-
LOS in hours)

When EDLOS was modelled as deviation from expected duration
(based on triage level and chief complaint), the most favourable out-
comes occurred when observed EDLOS remained within +25% of ex-
pected values. Spending substantially less time than expected (<50%)
was associated with increased short-term mortality (adjusted OR 1.59,
95% CI 1.51-1.66), while prolonged stays (>200%) also carried ele-
vated risk (adjusted OR 1.69, 95% CI 1.62-1.76). For long-term mor-
tality, shorter-than-expected EDLOS was generally protective, whereas
longer-than-expected stays were associated with increased risk.

4.4.2 Unplanned Revisits and Hospital Length of Stay

Very short ED visits (<30 minutes) were linked to higher odds of un-
planned 72-hour revisits and longer hospital stays among admitted
patients (figures 8-9). Patients discharged after shorter-than-expected
EDLOS had a modest but significant increase in revisit risk, particu-
larly post-pandemic (OR 1.25, 95% CI 1.22-1.29). Longer-than-ex-
pected EDLOS did not consistently affect revisit risk, but was associ-
ated with slightly reduced hospital LOS during the pandemic.
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Unplanned revisits (within 72h) - Odds ratios for groups
based on EDLOS

1.8
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Figure 8 — Association between EDLOS and unplanned return visit within 72
hours. EDLOS (in hours) on the x-axis and OR (95% CI) on the y-axis.

Estimated hospital LOS (adjusted for co-morbidities) for
groups based on EDLOS

0-0,5 0,5-1 1-1,5 1,5-2 2-3 4-5 5-6 6-8 8-10 10-12  12-18 18+

Figure 9 — Association between EDLOS and hospital length of stay. EDLOS (in
hours) on the x-axis and hospital LOS (in days, with 95% CI) on the y-axis.

44 Jonas Andersson



4.4.3 Subgroup Analyses

The subgroup analyses showed variation in associations between devi-
ation from expected EDLOS and outcomes across different patient
groups. Among discharged patients, both shorter-than-expected and
longer-than-expected EDLOS were associated with increased odds of
short-term mortality, while admitted patients exhibited higher odds
of short-term mortality for shorter-than-expected EDLOS and lower
odds of short-term mortality when EDLOS was longer-than-expected.
For long-term mortality, discharged patients had increased odds at
both extremes of EDLOS deviation, whereas admitted patients had
lower odds for longer-than-expected EDLOS.

Chief complaint categories demonstrated distinct patterns. Patients
presenting with non-specific complaints had a positive linear associa-
tion between deviation from expected EDLOS and both short-term
and long-term mortality. Chest pain showed a similar association for
long-term mortality. Other complaint categories, including ab-
dominal pain and shortness of breath, displayed mixed associations
across deviation categories.

Age-based analyses indicated that deviations from expected EDLOS
were associated with increased odds of mortality in all age groups,
with the highest odds observed in older adults (>65 years) for both
short-term and long-term mortality. Associations for unplanned 72-
hour revisits and hospital length of stay varied across subgroups but
were generally less pronounced.

4.5 Integrating Observations on ED Time and Patient Flow: a
Synthesized Summary of Results

The combined findings from the four studies provide an overall view
of ED flow and ED utilization patterns — as well as a detailed picture
of EDLOS, its determinants, associated outcomes — in Swedish emer-
gency care. Across all datasets, the ED population was characterized
by broad age distributions and diverse presenting complaints. A con-
sistent organisational feature was the routine re-direction of certain
patient groups, such as psychiatric presentations at all hours and, vari-
ably, gynaecology, ENT, and paediatrics during off-office periods.

Emergency department flow 45



These practices shaped the case-mix and should be considered when
interpreting the results and their generalizability.

Analyses of factors influencing EDLOS demonstrated that through-
put-related processes were the most significant contributors to pro-
longed stays. Diagnostic imaging, particularly computed tomography
and non-bedside ultrasound, was associated with the largest absolute
increases in EDLOS. Central laboratory testing also added substantial
time, especially when panels included D-dimer and troponins,
whereas point-of-care testing was linked to smaller increments. These
patterns were consistent across sites and remained robust in complete-
case sensitivity analyses. In addition to diagnostic processes, intra-ED
zone transfers — reflecting reassignment of medical responsibility
within hybrid organisational models — were independently associ-
ated with marked increases in EDLOS, although the magnitude var-
ied between hospitals.

Input factors such as age, sex, arrival mode, arrival time, and referral
status showed statistically significant associations with EDLOS, but
their absolute effects were smaller than those observed for diagnostic
testing and imaging. Output-related factors, including admission dur-
ing periods of varying hospital bed occupancy, also had modest abso-
lute impacts compared to throughput processes. Measures of ED
crowding were associated with longer EDLOS; however, for most pa-
tients, the absolute increments were small, and clinically meaningful
effects were observed only at the highest crowding levels.

High-frequency ED users (HEDU), defined as patients with four or
more visits per year, represented a small proportion of the population
but accounted for a disproportionately large share of visits and total
ED-related costs. HEDU visits were less likely to involve radiology
and less likely to meet the four-hour EDLOS target, and they more of-
ten ended in leaving without being seen. These utilization features —
many brief, repeated encounters with limited imaging — suggest a
pattern that can amplify input pressure and contribute to operational
volatility, even if individual visits did not always entail prolonged ED-
LOS. From a flow perspective, HEDU represent a concentrated source

46 Jonas Andersson



of demand whose cumulative impact makes them a substantial com-
ponent of the overall patient inflow.

The national registry analysis revealed important associations between
EDLOS and adverse outcomes across pre-pandemic, pandemic, and
post-pandemic periods. Both short-term and long-term mortality
showed non-linear relationships with absolute EDLOS, with elevated
risk at very short stays and lower risk among patients whose EDLOS
was close to the median. When EDLOS was modelled as deviation
from expected values — predicted from triage level and chief com-
plaint — outcomes were most favourable within +25% of expected
EDLOS. Deviations, shorter or longer than expected, were associated
with increased mortality risk. Shorter-than-expected EDLOS was also
linked to higher odds of unplanned 72-hour revisits, an association
that became more pronounced in the post-pandemic period. Among
admitted patients, shorter-than-expected EDLOS was associated with
longer inpatient length of stay, while associations for longer-than-ex-
pected EDLOS varied by time-period and subgroup. Subgroup anal-
yses indicated that discharged patients and those presenting with non-
specific complaints were most sensitive to exceeding the expected ED-
LOS, showing positive linear associations with mortality. Patients pre-
senting with shortness of breath and visits ending in admission
demonstrated reversed patterns for short-term mortality, consistent
with expedited disposition to inpatient care for clinically severe cases.

Across all studies, data underwent rigorous quality checks, and find-
ings regarding the dominance of throughput factors, the limited abso-
lute effect of crowding at the patient level, the disproportionate utili-
zation by high-frequency users, and the predictive value of deviation-
based EDLOS were consistent across sensitivity analyses. Taken to-
gether, these results highlight that diagnostic processes and organisa-
tional flow exert the largest measurable effects on EDLOS; while
crowding and access block contribute less at the individual level.
High-frequency use concentrates visits and costs among a small subset
of patients with distinctive utilization patterns, and modelling ED-
LOS relative to clinically expected duration provides clearer associa-
tions with mortality, revisits, and inpatient length of stay, particularly
for vulnerable subgroups.
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5 Discussion

The overall aim of this thesis was to develop a deeper understanding
of patient flow in Swedish EDs, with particular focus on process de-
terminants of EDLOS and on patient groups at greatest risk of poor
outcomes. To address this aim, the problem was approached from
multiple perspectives and using complementary methods. Study I
provided a conceptual lens by clarifying how “long EDLOS” has been
defined and interpreted in the literature, revealing its role as a proxy
for waiting, crowding, and inefficiency. Studies II and III shifted the
focus to operational and behavioural dimensions, quantifying the de-
terminants of EDLOS and exploring the characteristics of high-fre-
quency ED users as amplifiers of input pressure. Finally, Study IV ex-
amined the clinical consequences of EDLOS across millions of visits,
applying predictive modelling to uncover non-linear associations with
mortality and other adverse outcomes.

5.1 What is the Nature of ED Flow?

Across this thesis, ED flow appears as the ordered progression of as-
sessment, investigation, consultation, decision-making and transfer
that a patient experiences from ED arrival to departure. Study I shows
that the literature often uses “long EDLOS” as shorthand for waiting,
crowding, and organisational inefficiency — i.e., the convenient
time-based patient flow measure that is EDLOS, was used to represent
a comprehensive statement about quality or safety. Even if empirical
evidence sometimes is provided to support this use (113, 114), it leads
to a problematic conclusion: less time equals better quality. The ex-
treme interpretation of this conclusion would be that the best out-
comes for acutely ill patients would arise from not spending any time
in the ED at all. Furthermore, in Study I it was impossible to identify
a cut-off in the other end of the EDLOS spectrum: a duration limit to
separate safe EDLOS from harmful EDLOS. The range of different
cut-offs used indicates that the distinction between safe and unsafe
EDLOS is highly context dependent. This aligns with recent reviews
urging caution about absolute cut-offs (45) and recommending that
ED performance be judged by a broader set of outcomes rather than a
single time standard (115, 116). Methodologically, it is well
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established that dichotomizing continuous variables should be
avoided whenever possible, even though clinical practice sometimes
requires threshold-based decisions (49). However, Study I demon-
strated that, in the context of emergency care, it is difficult to identify
practical or clinically meaningful justification for dichotomizing ED-
LOS.

Previous research tends to emphasize the adverse effects of longer ED-
LOS, implying that the flow of patients should be as fast as possible to
avoid poor outcomes (16-18). In Study IV, modelling EDLOS relative
to clinical expectation (conditioned on triage and chief complaint) re-
vealed that adverse outcomes were lowest within +25% of expected
EDLOS, whereas both shorter-than-expected and longer-than-ex-
pected durations carried increased risk when viewing the entire ED
population. This pattern is in agreement with a prior study conducted
in Sweden, where both short and prolonged EDLOS was found asso-
ciated with higher mortality, depending on triage category (117). This
challenges the assumption of linear association between EDLOS and
adverse outcomes.

Our findings show that EDLOS is highly predictable when modelled
against patient and process variables. In Study II, multivariable regres-
sion analyses explained a substantial proportion of EDLOS variation,
and nearly all included factors were statistically significant. This indi-
cates that ED flow follows a structured logic rather than a random
pattern. Comparable results have been reported in large-scale anal-
yses: for example, a national study using data from over 1,000 emer-
gency departments in the United States found that regression models
explained two thirds of the variation in EDLOS for admitted patients
and more than half of the variation for discharged patients (86).

At the same time, ED flow is influenceable because the largest incre-
ments of added time arise from throughput factors — laboratory test-
ing, imaging, and intra-ED transfers, i.e. processes that, to a certain
degree can be controllable on a clinician level — rather than pro-
cesses that require system-level changes to be affected, like primary
healthcare or hospital bed availability. These throughput factors are
workflow elements: they can be redesigned, sequenced differently, or
supported by technology and staffing strategies. Evidence from
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interventional studies demonstrates that such changes produce meas-
urable effects. For example, fast-track pathways can be implemented
both for low-acuity patients (118) as well as time-sensitive conditions
such as stroke (119). Alternatives to diagnostic investigations such as
point-of-care testing (89) and ultrasound (90, 120) can be considered.
Furthermore, several studies have been able to show that a substantial
amount of diagnostic imaging is deemed inappropriate (121-123).
Taken together, this makes a case for critically evaluating the necessity
and timing of certain diagnostic investigations: considering whether
they should be deferred, omitted, or performed outside the bounda-
ries of the ED visit when clinically appropriate.

Our results show that ED flow cannot be reduced to a linear sequence
of tasks; it behaves as a complex adaptive system (CAS): a dynamic
network in which individuals and teams perceive, act, react, com-
municate, adapt, learn, and self-organise over time. Actions are inter-
connected so that one component’s behaviour changes the context for
others, and the system’s performance is influenced by signals from
surrounding systems such as inpatient capacity, radiology, and labora-
tory services (124, 125). Resilience is critical in such settings. Defined
as the ability to adjust functioning before, during, and after disturb-
ances to maintain performance under expected and unexpected con-
ditions, resilience is not static but shaped by local context (124). In
Study II, the minimal effect of crowding on EDLOS can be inter-
preted through this lens. Our crowding measure was designed to cap-
ture genuine high-pressure conditions, yet throughput times re-
mained largely stable. This suggests that the ED system may have
absorbed the disturbance by redistributing tasks, reprioritizing re-
sources, and adapting workflows in real time: hallmarks of resilient
performance.

The same adaptive capacity was evident during the COVID-19 pan-
demic, when the healthcare system faced unprecedented operational
stressors that demanded dynamic capabilities at the organisational
level (126). During this time, all EDs experienced a surge in high-acu-
ity presentations and were required to implement extensive infec-
tion-control measures, including isolation protocols and personal
protective equipment, while simultaneously managing a
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fundamentally altered case-mix (60). Within this context, Study IV
found that the relationship between EDLOS and adverse outcomes re-
mained remarkably stable across pre-, pandemic, and post-pandemic
periods. The protective window around expected EDLOS (+£25%) per-
sisted, and deviations from expected time continued to predict risk in
similar ways. In other words, the pandemic did not appear to alter the
association between EDLOS and adverse outcomes. This resilience re-
flects the EDs’ ability to reconfigure processes under systemic pres-
sure, while preserving core performance patterns. It underscores that
emergency departments are not passive victims of external strain, but
dynamic systems capable of maintaining tempo and safety through
adaptive strategies — even under conditions that radically reshape the
healthcare environment.

Overall, the results of this thesis demonstrate that small, local process
disturbances (diagnostics, transfers) and heterogeneous demand (fre-
quent users, non-specific complaints) interacted to produce non-lin-
ear outcomes. This fits the CAS view of EDs: a network of agents
(nurses, physicians, radiology, laboratory, transport) operating under
uncertainty, with feedback and interdependencies shaping emergent
behaviour (127).

In summary, ED flow is predictable and influenceable, but funda-
mentally complex. It emerges from the interaction of multiple agents
and subsystems, shaped by feedback loops and contextual constraints
rather than linear cause—effect chains. This complexity means that
managing flow is not a matter of applying isolated fixes; it requires
continuous sense-making, coordination, and adaptive capacity from
clinicians and leaders. The task of managing ED flow is cognitively
demanding and operationally intricate, as interventions in one area
can ripple across the system, producing trade-offs and emergent ef-
fects.

5.2 How do Patterns of ED Flow Arise?

The patterns that define the nature of ED flow — predictability yet

variability, influenceability yet complexity — do not occur by chance.
They arise from the interaction of structural design, clinical processes,
and adaptive behaviours within a system that is both highly organised
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and inherently dynamic. In the preceding section, ED flow was char-
acterised as a sequence of interdependent tasks shaped by diagnostic
work, organisational rules, and real-time prioritisation, but also as a
complex adaptive system where feedback loops and contextual con-
straints govern performance. Understanding how these patterns
emerge requires examining how performance indicators, patient flow
bottlenecks, organisational structures, heterogeneous demand, and
clinical uncertainty combine to produce the observed configurations
of time, risk, and resource use.

One mechanism behind the patterns observed in this thesis, is the
way EDLOS is used as a performance proxy. When time is treated as
an absolute benchmark, it compresses diverse processes — waiting,
crowding, diagnostic work — into a single metric. This framing of
EDLOS drives uniform expectations even though clinical needs vary.
In Study I, the defining attributes of “long EDLOS” emerged along-
side an antecedent that is often overlooked: a predefined limit or im-
plicit promise about how long care ought to take — whether codified
by formal time-targets or communicated informally. Without such a
frame of reference, “long” has no meaning; with it, every minute is
judged against an expected tempo. However, eliminating expectations
does not solve the issues of extended waiting. Dahlén et al. (24) de-
scribed the experience of low-priority patients waiting in Swedish
EDs as one of diminished agency and uncertain temporality — a “be-
ing put on hold”, where information is sparse and the grounds for
prioritisation are opaque. In such circumstances, expectations are
unanchored, and time expands subjectively: patients report feelings of
abandonment even when the objective waiting time is not extreme
(24). Swancutt et al. (25) showed that not all waits are equal: patients
traversing different pathways interpret similar durations differently
depending on communication, milestones, and visible progress (e.g.,
bloods drawn, imaging requested). Where there are clear markers of
forward motion, patients “lend” more time to the system; where
markers are absent, the same time feels like neglect (21). The implica-
tion is that expectation-management, informational signalling, and
pathway transparency are primary determinants of how ED time is
perceived and tolerated. These practices should therefore receive
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increased focus within emergency care delivery and professional de-
velopment.

The results from study II show that diagnostic imaging and laboratory
testing exert the largest absolute influence on EDLOS — adding in-
crements measured in hours — while output factors such as hospital
bed occupancy contribute only modestly. This contrasts sharply with
the prevailing assumption, reinforced by multiple studies, that access
block and admission delays are the primary drivers of prolonged ED
stays (91, 128, 129). The difference is partly methodological: Study II
explicitly included diagnostic imaging and testing as explanatory vari-
ables, whereas many earlier studies did not. For example, Perdahl
etal. (91) concluded that older patients and patients admitted to in-
hospital care were more likely to experience long EDLOS, but did not
examine whether these groups underwent more extensive diagnostics
compared to discharged patients: a plausible mechanism behind their
observed association. By incorporating throughput processes, our
models explained a substantial proportion of EDLOS variation, simi-
lar to Canellas et al. (86) and far exceeding the explanatory power re-
ported by Wu etal. (130) and Sompie et al. (131), whose models omit-
ted imaging and achieved markedly lower R? values. These
comparisons suggest that an accurate explanation of ED flow is in-
complete without accounting for diagnostic workup: what appears as
an age or disposition effect may, in reality, be a proxy for the fre-
quency and complexity of investigations. Recognising this, can shift
the focus from bed availability alone to the design and prioritisation
of diagnostic pathways as a central lever for improving ED flow.

Study I revealed that high-frequency ED users (HEDU), patients
with four or more visits per year, constitute only a small fraction of
the ED population yet account for almost a fourth of all visits and
roughly the same proportion of ED-related costs. Our findings align
with international evidence showing that frequent ED use is a global
phenomenon, with approximately 5 % of patients typically account-
ing for 21-28% of all visits (67). A contributing factor may be patient
convenience. Geographical proximity as a driving force for increased
ED attendance has been identified in several studies (132, 133). Study
III revealed that a disproportionately high share of HEDU resided in
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Orebro municipality, suggesting that convenient distance to the ED
may reinforce patterns of repeated use for issues that could otherwise
be managed in other parts of the healthcare system.

While our analysis could not fully determine the underlying drivers
of these repeated visits, international evidence suggests that frequent
ED use often reflects chronic illness, mental health needs, and social
vulnerability (67, 134) — domains poorly served by episodic, frag-
mented care. In Sweden, the ED is not structurally optimized for such
cases: rotating physicians, limited integration with primary care, and
absence of embedded case management create a continuity gap that
forces patients to re-enter the ED for issues that might otherwise be
managed longitudinally (8, 74). This mismatch between patient tra-
jectory and ED design suggests that certain competencies are absent
in the current emergency care system, which may explain why HEDU
exert disproportionate pressure on ED flow and why interventions fo-
cused solely on reducing EDLOS will fail to address the systemic chal-
lenge.

5.3 Why Does ED Flow Matter?

The consequences of a disrupted ED flow — or more specifically,
long EDLOS — known prior to this thesis work, were underscored in
Study I. The concept analysis identified several potential outcomes as-
sociated with long EDLOS: decreased patient satisfaction and de-
creased patient safety, including increased mortality, higher risk of ad-
verse events, and poor adherence to clinical guidelines. These
consequences position EDLOS not merely as an operational metric
but as a proxy for quality and safety. They also frame the rationale for
subsequent analyses in this thesis: if extended EDLOS signal vulnera-
bility, then understanding the mechanisms behind EDLOS and its re-
lationship to outcomes becomes essential for improving emergency
care.

Study III showed that 6% of patients generated over one-fifth of ED
visits and costs at OUH, with “Super” users accruing per-patient ex-
penditures up to 27 times higher than non-HEDU. Redirecting a sub-
stantial share of these encounters to coordinated, continuity-based
pathways — either within the ED through embedded case
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management (135) or outside the ED via primary care linkage or com-
munity services (136, 137) — is not only more cost-effective but also
better for patients (138). However, strategies that simply redirect
high-frequency users away from the ED risk being superficial. While
transferring these patients to other services may reduce ED visit
counts in the short term, it often fails to address the underlying driv-
ers of repeated attendance — such as unmet medical, psychosocial, or
continuity needs. Evidence from systematic reviews suggests that in-
terventions focused solely on diversion or referral have limited effec-
tiveness and may lead to fragmented care (68, 139). Study III did not
permit evaluation of the clinical appropriateness of ED visits among
high-frequency users. However, a study from the same region of Swe-
den, conducted in the years directly following our study period, ob-
served that frequent users of the ambulance services were more likely
to be transported to the ED, whereas non-conveyance was more com-
mon among the general population (140). This indicates that fre-
quent emergency care use in our setting was not predominantly
driven by clearly non-urgent needs.

Study IV used several approaches to examine the impact of deviations
in ED flow patterns on patient outcomes. Across absolute EDLOS cat-
egories, the associations with short-term mortality, 72-hour revisits,
and inpatient length of stay (IPLOS) were predominantly negative —
meaning that as EDLOS increased, risks for these outcomes generally
decreased. These results remained stable even when the risk of both
mortality and IPLOS was studied using models adjusted to co-mor-
bidities. To contextualise the strength of this evidence, it is important
to consider the scale of the available literature: a 2022 systematic re-
view included 2,308,840 ED visits (16), and a meta-analysis published
the same year included 1,718,518 (141). By contrast, Study IV ana-
lysed 5,049,641 ED visits with linked EDLOS and outcome data —
making it, to our knowledge, the largest investigation of these associa-
tions to date.

Evaluating the association between EDLOS and mortality is inher-
ently challenging because study designs vary widely in both exposure
and outcome definitions. Many investigations dichotomize EDLOS
using different thresholds, ranging from 3 hours to 24 hours or more
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— while follow-up windows for mortality span from “in-hospital” to
30-day or even longer — making direct comparisons problematic.
The systematic review by Burgess (16) characterized the evidence as
“variable”, noting that some studies reported prolonged EDLOS as
harmful, others found no association, and yet others observed an in-
verse relationship. Similarly, the meta-analysis by Lauque (141) tested
a broad range of EDLOS cut-offs without identifying consistent evi-
dence of harm; however, two exceptions emerged: patients admitted
to ICU with EDLOS > 24 hours had significantly higher odds of in-
hospital mortality, and non-ICU patients with EDLOS < 3 hours also
showed increased mortality risk.

This complexity is further illustrated by Wessman etal. (117), whose
Swedish cohort analysis revealed a pattern strikingly similar to the
findings in Study IV when admitted and discharged patients were ex-
amined separately. For admitted patients, shorter EDLOS was associ-
ated with worse outcomes, whereas for discharged patients, the associ-
ation was reversed - longer EDLOS predicted higher short-term
mortality. This suggests that Swedish EDs are generally effective at
rapidly identifying patients at greatest risk of dying and prioritizing
them for inpatient care, resulting in very short ED stays for the sickest
individuals. Conversely, uncomplicated patients who are treated
quickly and discharged home from the ED typically have an ex-
tremely low risk of death, so prolonged EDLOS in this group may sig-
nal diagnostic complexity rather than causal association with mortal-

ity.

Interestingly, another Swedish study by af Ugglas et al. (39), using the
same national registry as Study IV, reported partly conflicting find-
ings when admitted patients were analysed separately. In their work,
the effect of ED crowding on mortality was more pronounced among
admitted patients, and this association strengthened in counties with
high average inpatient bed occupancy. This suggests that crowding —
but not prolonged EDLOS — was the key contributor to mortality in
that context. It also underscores an important methodological point:
boarding time and EDLOS for admitted patients are not interchange-
able exposures. While EDLOS captures total time in the ED, boarding
time specifically reflects delays after the decision to admit, which may
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be more sensitive to bed availability and system strain. Taken to-
gether, the observations made throughout this thesis highlight the
need for future research to disentangle crowding- and boarding com-
ponents from EDLOS — and to consider system-level factors when in-
terpreting EDLOS—outcome relationships.

The role of crowding versus EDLOS in driving mortality has been de-
bated. Gabayan etal. (113) tested a wide array of crowding indicators
— including occupancy, waiting times, and boarding — but found
that none were associated with 7-day or in-hospital mortality except
total EDLOS. This contrasts sharply with both Study IV and af Ugglas
(39), where the crowding measures — but not EDLOS — predicted
mortality. From a causal perspective, it is more plausible that an im-
balance between demand and available resources (crowding), rather
than the mere time spent in the ED, contributes to excess mortality.
This suggests that the crowding metric used by af Ugglas (39, 40) and
later in Study II: captures the true system-level risk more effectively
than the proxies tested by Gabayan (113). It also reinforces the need
to distinguish boarding time and crowding pressure from overall ED-
LOS when evaluating quality and safety.

Study IV also revealed that long-term mortality correlated with devia-
tion from expected EDLOS, following a pattern where shorter-than-
expected stays were associated with better outcomes and longer-than-
expected stays with worse outcomes. Interestingly, this effect did not
appear in the subgroups where one might anticipate it: such as older
patients or those admitted to hospital. Instead, it was partly explained
by chief complaint-level analyses. Patients presenting with chest pain
and those with non-specific complaints exhibited the same directional
pattern. In Sweden, ambulances equipped with pre-hospital electro-
cardiography (ECG) can diagnose many cases of myocardial infarc-
tions in the field, allowing paramedics to bypass the ED and transport
patients directly to primary percutaneous coronary intervention (PCI)
(142). This means that patients presenting to the ED with chest pain
many times lack signs of acute coronary syndrome. Even though
Study IV identified an increased risk of death in relation to time spent
in the ED; it also estimated a very low base odds of mortality in this
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sub-population: about half the base odds compared to the general
population.

Patients presenting with a non-specific chief complaint, meaning they
underwent triage without being able to articulate a clear main symp-
tom, constituted a sizeable subgroup of almost 300,000 individuals.
They had more than twice the baseline odds of mortality compared to
the general ED population and showed a more pronounced associa-
tion with prolonged EDLOS than patients presenting with chest pain.
The vulnerability of this sub-population has been identified in many
other studies, both internationally (143, 144) and in the Swedish set-
ting (145, 146) and a systematic review described these patients as
mostly older, often triaged as less urgent and with a significantly in-
creased risk of mortality, compared to patients with specific present-
ing complaints (147). It has been argued that the term non-specific
functions as a residual category that clinicians use in ED practice
when a case does not clearly fit specific categories — a practice that
constitutes a patient safety concern (148). The results of study IV pro-
vide further evidence in support of prioritizing this sub-population,
either by improved communication between patient and clinician or
by refined triage and diagnostic protocols.

5.4 Methodological Considerations

This chapter critically examines the strengths and limitations inherent
in the designs, data sources, and analytic strategies applied across the
four studies. Each study employed approaches suited to its specific
aims — ranging from a qualitative concept analysis to large-scale reg-
istry-based regression analysis — yet all were subject to constraints
typical of observational research and administrative data.

5.4.1 Concept Analysis of “Long EDLOS”

Study I employed Walker and Avant’s (105) eight-step concept analy-
sis to clarify the meaning and empirical referents of long EDLOS.
This approach was appropriate given the widespread but inconsistent
use of the term in research and policy. However, critique has been
raised against concept analysis as a method. Draper (149) argues that
concept analysis can lack philosophical rigor and practical utility,
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often producing definitions detached from empirical application.
These concerns are relevant, but in this context, the method served a
necessary role: it exposed the arbitrary nature of time thresholds and
identified core attributes — waiting, crowding, and organisational in-
efficiency — that underpin the construct.

Limitations include the use of a purposeful literature review rather
than a systematic review, which may have introduced selection bias
and omitted relevant sources. The reliance on textual interpretation
rather than quantitative synthesis also restricts reproducibility. Fur-
thermore, the absence of empirical testing means that proposed at-
tributes and referents remain theoretical. Despite these limitations,
the analysis provided a conceptual foundation for subsequent empiri-
cal studies, informing the decision to move beyond arbitrary time cut-
offs toward continuous and context specific measures.

5.4.2 Determinants of EDLOS: Input, Throughput, and Output
Factors

The second study analysed EDLOS determinants using retrospective
data from two Swedish hospitals. Strengths include large sample size,
integration of multiple data sources, and the use of reliable time-
stamps for precise measurement of EDLOS as well as other automati-
cally collected clinical data.

Several limitations must be acknowledged. First, the observational de-
sign precludes causal inference; associations may reflect underlying
patient complexity rather than process inefficiency. Second, residual
confounding is likely, as clinical severity beyond triage and diagnostic
orders was not fully captured. Third, the choice of OLS regression,
while justified for interpretability, assumes linearity and normality
despite EDLOS being right-skewed. Although post-estimation diag-
nostics supported model adequacy, alternative approaches such as
generalized linear models could have strengthened robustness. Miss-
ing data for key variables (time-to-physician, triage level) required im-
putation, introducing potential bias if missingness was not random.
However, a sensitivity analysis was performed without revealing any
signs of systematic patterns in cases with missing data — nor any
signs of selection bias in the complete cases analysis.
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Although Study II was technically a multi-centre analysis, the two par-
ticipating emergency departments were similar in size and opera-
tional structure, each reporting a median EDLOS of approximately
three hours. This throughput pace is somewhat faster than the na-
tional average for Swedish EDs and markedly faster than median ED-
LOS observed in more densely populated regions (58). These contex-
tual factors limit external validity. International generalization should
be approached with caution, not only because of the relatively rapid
patient flow but also due to organisational characteristics such as hy-
brid authority models and specialty-based zoning, which differ sub-
stantially from configurations common in other healthcare systems.
These features may influence both process efficiency and resource al-
location, making direct extrapolation of effect sizes or intervention
implications problematic.

5.4.3 High-Frequency ED Users and Cost Analysis

Study IIT combined descriptive statistics with regression modelling to
characterize high-frequency ED users. While the adjusted analyses
confirmed and sharpened some patterns, such as the distinct profile
of “Super” HEDU, they added little explanatory depth beyond what
was evident in the descriptive results. The models were cross-sec-
tional, based on administrative data, and lacked key covariates such as
mental health and social determinants, limiting their ability to iden-
tify mechanisms or actionable predictors. Consequently, the regres-
sion served primarily as a confirmatory tool rather than advancing
causal understanding or informing intervention design.

Study III quantified the costs associated with high-frequency ED users
but did not incorporate a formal health economic evaluation frame-
work. This limits the ability to assess whether interventions targeting
this population would be cost-effective. The analysis was restricted to
descriptive costing, omitting patient-centred outcomes such as health-
related quality of life, thus failing to calculate incremental cost-effec-
tiveness ratios (ICERs). Without linking costs to outcomes, the find-
ings cannot inform resource allocation decisions or policy regarding
intervention implementation. Additionally, the single-site design and
exclusion of certain cost components — such as ambulance services
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— further constrain the comprehensiveness of the economic perspec-
tive. However, the scope of the study design was that of a pilot study;
its purpose was to provide an initial overview and to direct future re-
search rather than to achieve large-scale clinical implications.

5.4.4 Evaluating EDLOS and Patient Outcomes Using Registry
Linkage

Study IV utilized the combined power of several national patient and
quality registries to examine associations between EDLOS and adverse
outcomes before, during, and after the COVID-19 pandemic. Large-
scale data and robust linkage across SVAR, NPR, and the Swedish
Population Registry enhanced statistical power and completeness. In
addition to using absolute EDLOS as the exposure, Study IV mod-
elled deviation from an expected EDLOS: predicted from triage level
and chief complaint. This approach is unproven and should therefore
be interpreted cautiously, but it is logically defensible. Absolute time
in the ED does not always signal inefficiency. As shown in Study II,
diagnostic testing and imaging were major drivers of EDLOS — and
these processes are often clinically necessary for safe care. By bench-
marking EDLOS against what is expected for a given presentation, the
deviation-based metric aims to distinguish appropriate time use from
potential delays. This reduces indication bias and provides a context-
sensitive measure that better reflects operational performance.

Despite these strengths, several limitations warrant discussion. First,
the observational design limits causal interpretation; deviations from
expected EDLOS may reflect unmeasured severity or operational deci-
sions rather than inefficiency or premature discharge. Second, rare
outcomes such as short-term mortality pose methodological chal-
lenges. Low base rates increase susceptibility to random error and am-
plify the impact of coding inconsistencies. The choice of follow-up
windows — 1 calendar day (0-48 hours) for short-term mortality and
30 days for long-term mortality — balances clinical relevance with
statistical feasibility, but influences interpretation. The decision to use
a 1 calendar-day window for short-term mortality introduces im-
portant methodological considerations. First, mortality data were
only available with date-level resolution, meaning the exact time of
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death within the day was unknown. When follow-up windows are
very short, this lack of precision amplifies starting-time bias, as the
unknown interval constitutes a larger proportion of the observation
period. This can distort risk estimates and reduce interpretability for
outcomes intended to reflect immediate ED-related effects.

Second, and more critically, confounding by resuscitation may occur.
In emergency care, patients with severe acute illness are often treated
aggressively at presentation to allow clinicians time to gather diagnos-
tic information and evaluate treatment response. Decisions to con-
tinue or withdraw life-sustaining measures are frequently made
within the first 24-48 hours, once prognostic clarity emerges. Conse-
quently, deaths occurring after initial stabilization may reflect these
complex clinical judgments rather than the quality or timeliness of
ED processes. This dynamic introduces competing risks: patients who
survive the first hours may later die following a deliberate transition
to palliative care, which is not attributable to ED inefficiency.

Taken together, these factors suggest that extremely short windows
(e.g., <24 hours) may overemphasize timing artifacts and ethical deci-
sion-making rather than operational performance. Longer windows,
such as 3-day mortality, as argued by Malmer (150), can mitigate these
biases by reducing the proportional impact of unknown time inter-
vals and capturing the period during which critical decisions about
ongoing care are made. However, longer windows also risk diluting
ED-specific effects by incorporating outcomes influenced by inpatient
care. Sensitivity analyses across multiple horizons (e.g. 1 and 3 days)
and explicit reporting of absolute risks alongside adjusted estimates
can therefore strengthen validity and interpretability.

Outcome selection in emergency care is inherently complex. A recent
systematic review by Toukola et al. (115) demonstrates the lack of
consensus on which outcome metrics adequately represent overall ED
performance and shows wide heterogeneity in indicator sets across ju-
risdictions and study aims. The outcome metrics used commonly
cluster into five dimensions: reattendances, mortality, diagnostic/pro-
cedural errors and complications, diagnosis-specific survival, and pa-
tient experience (115). Notably, many frameworks conflate process
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measures (e.g., EDLOS or disposition) with outcomes, complicating
benchmarking and interpretation. In studies relying on administra-
tive data, this distinction is crucial: process indicators are often easier
to capture but do not, by themselves, reflect clinical benefit or harm.
Austin et al. (116), in their scoping review of strategies to measure
and improve ED performance, revealed that while time-based
measures such as EDLOS and waiting times are commonly reported
— clinical outcomes and revisit rates are often neglected, despite their
importance for evaluating patient safety and quality of care. The au-
thors conclude that the complexity of ED performance measurement
necessitates a multidimensional approach; relying on a single metric
risks an incomplete understanding of ED performance and interven-
tion effectiveness. In line with these findings, Study IV adopted multi-
ple outcome measures — short- and long-term mortality, 72-hour un-
planned revisit, and hospital length of stay — to capture the potential
impact of EDLOS on both short-term and longer-term patient out-
comes. This comprehensive approach aligns with best practice recom-
mendations for robust performance evaluation in complex healthcare
systems.

Restricted by the retrospective design, Study IV failed to capture two
of the five dimensions described by Toukola et al. (115): diagnos-
tic/procedural errors and complications and, perhaps even more im-
portantly, patient experience. Patient-reported outcome measures
(PROMEs) are increasingly recognized as central to evaluating patient-
centred benefits of care (symptoms, function, quality-of-life), comple-
menting traditional administrative outcomes (151). However, ED use
of PROM:s is constrained by measurement and operational barriers:
many instruments are designed for chronic outpatient care with recall
periods (7-14 days) misaligned with the minutes-to-hours timescale of
ED encounters; instruments are frequently unidimensional and in-
crease respondent burden when multiple domains matter; and few
PROMs are validated in ED populations with diverse literacy, lan-
guage, and technology access (152, 153).

Reliable outcome assessment depends on standardized operational
definitions and time stamps. Throughout this thesis, definitions and
measurement guidance from the Emergency Department
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Benchmarking Alliance (EDBA) were used to structure exposures and
outcomes, including EDLOS, time-to-physician and categories for in-
complete encounters (LWBS) (34). These measures were applied
when available and appropriate to ensure consistency and to enhance
generalizability. In addition, context-sensitive metrics of crowding
(40) and a relative EDLOS construct inspired by classical epidemio-
logical approaches were incorporated where the relation between the
observed and the expected values were used to capture system-level
performance.

5.5 Clinical and Policy Implications

In two average-sized Swedish EDs, throughput factors, particularly di-
agnostic testing, imaging, and intra-department transfers, had the
largest impact on EDLOS. In similar settings, interventions to im-
prove ED flow should therefore target internal organisational pro-
cesses and the sequencing of diagnostics rather than external factors
alone. In other contexts, these determinants should be measured and
evaluated comprehensively before implementing change, as local
drivers of EDLOS may differ. Arbitrary time-targets applied to the
general ED population should be avoided; they risk oversimplifying
performance and may incentivize unsafe shortcuts. Instead, real-time
patient-level EDLOS prognostics could be integrated into existing
workflow systems to manage patient expectations and support timely
clinical decision-making. From a safety perspective, deviation from
expected EDLOS was associated with increased risk, particularly
among discharged patients and those presenting with non-specific
complaints. This underscores the need for safety-net checklists before
discharge home when EDLOS is markedly longer than expected, and
for structured pathways for non-specific complaints including senior
review and targeted assessment.

5.6 Future Research

Several areas warrant further investigation. First, outcome assessment
should move beyond time-based metrics to include measures that bet-
ter reflect patient safety and quality, such as functional outcomes, pa-
tient-reported experience, and long-term morbidity. Second, high-
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frequency ED users require deeper study to understand drivers of re-
peated attendance and to evaluate targeted interventions that inte-
grate medical, mental health, and social care. Third, the health eco-
nomic impact of diagnostic imaging availability should be examined,
including cost-effectiveness analyses of point-of-care testing and prior-
itized imaging pathways in relation to EDLOS and downstream re-
source use. Finally, patients presenting with non-specific complaints
remain a high-risk group; future work should explore structured as-
sessment bundles, senior review strategies, and post-discharge follow-
up models to reduce missed pathology and improve outcomes. This
also includes refining triage instruments to better identify underlying
problems in patients currently classified as “non-specific,” ensuring
that risk stratification and diagnostic prioritization are more accurate
and responsive.
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6 Conclusions

The combined findings from Studies I-IV provide a nuanced under-
standing of the nature of ED patient flow. Rather than viewing ED-
LOS solely as a time-based measure or a direct indicator of quality,
the results suggest that EDLOS often functions as a proxy for multiple
operational and clinical processes. Attempts to define the concept re-
vealed that long EDLOS may reflect diverse phenomena — such as di-
agnostic complexity, organisational structure, and resource utilization
— rather than a single dimension of performance. This underscores
the need to consider supplementary operational metrics that capture
these underlying factors more directly. In this sense, EDLOS is best
understood as a measurement of the flow’s tempo rather than its es-
sence.

Analyses of the determinants of EDLOS demonstrated that through-
put-related processes, particularly diagnostic imaging and laboratory
testing, exert a far greater influence on EDLOS than input or output
factors. These findings challenge the prevailing assumption that ac-
cess block is the primary driver of prolonged EDLOS and problema-
tize the use of EDLOS as a proxy for crowding. While crowding was
associated with EDLOS at extreme levels, its effect on individual pa-
tient stays was modest and unlikely to be clinically meaningful for
most encounters.

Further, the thesis brought attention to patient groups whose care tra-
jectories are shaped by organisational and flow-management prac-
tices, both at system- and department level. High-frequency ED users
and patients presenting with non-specific complaints both under-
scores how structural factors can influence both health-economic out-
comes and patient safety. Finally, modelling EDLOS relative to ex-
pected values revealed that both shorter- and longer-than-expected
stays — rather than absolute duration — provides greater explanatory
power for adverse outcomes, reinforcing the importance of contextu-
alised performance metrics and a patient centred view on EDLOS.
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Svensk sammanfattning

Bakgrund: Akutmottagningen ar en central del av hilso- och sjukvir-
den dir patientfloden och tidsaspekter paverkar bade sikerhet, upple-
velse och resursutnyttjande. Total vistelsetid anvands ofta som indika-
tor for generell kvalitet men fangar i grunden ett tidsintervall vars
betydelse varierar med kontext och patientgrupp.

Syfte: Det 6vergripande syftet med avhandlingen var att bidra till
fordjupad forstielse for patientfloden pé svenska akutmottagningar,
med sirskilt fokus pa processdeterminanter for vistelsetid och patient-
grupper med hogst risk for ogynnsamma utfall.

Material och metoder: Avhandlingen omfattar fyra delstudier. Stu-
die I ar en begreppsanalys av “lang vistelsetid pa akutmottagning”.
Studie II ar en retrospektiv observationsstudie med 222 047 akutbesok
fran tva sjukhus, dar inflodes-, genomflodes- och utflodesfaktorer mo-
delleras mot vistelsetid. Studie III analyserar mangbesokare pé akut-
mottagningen vid ett universitetssjukhus (121 403 besok) avseende
prevalens, kostnader och utfall. Studie IV dr en multicenterstudie
som, med hjalp av registerlinkning inkluderar 5 049 641 patientbesok
fran 15 akutmottagningar (2015-2023) och analyserar samband mel-
lan vistelsetid (absolut och relativt férvantad tid) och mortalitet, opla-
nerade aterbesok samt sjukhusvardtid.

Resultat: Lang vistelsetid anvinds ofta som surrogatmatt for vantetid,
overbelastning och ineffektivitet. Genomflodesprocesser, sisom radio-
logi, laboratorieanalyser och interna klinikoverflyttningar bidrog star-
kast till forlangd vistelsetid. Overbelastning pa akutmottagningen och
hog belaggningsgrad pa sjukhusens vardavdelningar hade mindre ef-
fekt. Mangbesokare utgjorde 6,1 % av patienterna men stod for 22,4 %
av besoken och en oproportionerlig andel av kostnaderna; deras be-
sok hade lagre sannolikhet for radiologi och ledde oftare till att pati-
enten laimnade akutmottagningen utan likarbedomning. Studie IV vi-
sade ett icke-linjart samband mellan vistelsetid och mortalitet, med
forhojd risk vid mycket korta vistelser. Lagst risk sags vid en observe-
rad vistelsetid inom +25 % av forvantad vistelsetid; bade kortare och
lingre vistelsetid an forvantat var associerat med okad risk. Patienter
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som inte skrevs in till slutenvard och patienter med ospecifika kon-
taktorsaker framstod som sérskilt sarbara for langa vistelsetider.

Slutsatser: Total vistelsetid ar en vardefull kvalitetsindikator pa akut-
mottagningens verksamhet, men nar den reduceras till en binar tros-
kel blir den trubbig och oprecis. Patientflodet formas framst av in-
terna diagnostiska och organisatoriska processer och speglar inte pa
ett tillforlitligt satt graden av overbelastning eller vardplatsbrist. Avvi-
kelser fran forviantad vistelsetid — bade kortare och lingre — forutsa-
ger ogynnsamma utfall bittre dn vad total vistelsetid gor, vilket un-
derstryker behovet av kontextanpassade och patientcentrerade
kvalitetsindikatorer i stillet for universella tidsgranser.

Nyckelord: akutmottagning; patientfloden; vistelsetid; EDLOS;
mangbesokare; mortalitet; oplanerade aterbesok; registerlankning.
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