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Abstract
Emergency department (ED) overcrowding is a persistent global challenge associated with adverse patient outcomes and 
system inefficiencies. Boarding and access block, which delay the transfer of admitted patients to inpatient beds, represent 
its most critical manifestations. While overcrowding has traditionally been attributed to rising demand and ED inefficiencies, 
growing evidence identifies downstream constraints in hospital capacity and patient flow as major drivers. A non-systematic 
literature search was conducted using PubMed and Web of Science focusing on studies published between January 1990 
and December 2025 related to ED overcrowding, boarding, hospital overcrowding, access block, patient flow, and hospital 
capacity. The literature was narratively synthesized and organized according to the input–throughput–output framework to 
examine system-level determinants and interventions and to explore overcrowding as a hospital-wide phenomenon. Interven-
tions targeting input and throughput processes improve local ED performance metrics but often fail to reduce overcrowding 
when output capacity remains constrained. Conversely, high inpatient-bed occupancy, delayed discharge processes, and inef-
ficient hospital-wide patient flow are frequently associated with access block and boarding. Overall, the literature supports 
the interpretation of ED overcrowding as a manifestation of hospital-wide dysfunction. High-performing hospitals prioritize 
patient flow as an institutional focus and adopt a system-level approach, characterized by executive leadership involvement, 
real-time data monitoring, and shared accountability across departments. Boarding may be better understood as the clinical 
manifestation of system-level failure in hospital patient flow rather than an ED-specific issue. The way out requires a shift 
from ED-centered interventions to coordinated, hospital-wide strategies, recognizing that the responsibility for timely and 
safe patient flow lies with the entire organization.
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Background

Emergency department (ED) overcrowding has been rec-
ognized as a critical issue in healthcare systems since the 
1980s. Despite growing attention over the past two dec-
ades, both in research and policy initiatives, it remains a 

widespread and often underestimated crisis affecting public 
hospitals worldwide [1].

Central to this phenomenon are two interconnected 
issues: boarding, defined as the prolonged stay of admitted 
patients in the ED due to a lack of available inpatient beds 
[2], and access block, a systemic barrier that prevents the 
timely transfer of these patients to appropriate wards [3].

Together, these conditions transform the ED into a de 
facto holding area for admitted patients, diverting staff time 
and attention away from newly arriving emergencies [4].

The clinical consequences of ED overcrowding and 
boarding are well established. Delays in time-sensitive care, 
increased risk of medical errors, and worse patient outcomes 
have been consistently reported, with several studies dem-
onstrating an association with increased mortality. Beyond 
clinical outcomes, overcrowding also impacts staff well-
being, training environments, and overall healthcare costs, 
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reflecting a multidimensional burden that extends far beyond 
the ED itself [5–7].

The causes of ED overcrowding have traditionally been 
interpreted through the input–throughput–output model, 
which links demand for ED care, internal processes, and 
downstream hospital capacity [8]. While this framework 
describes ED-level dynamics, it also provides insight into 
broader hospital and health system functioning.

Initially, boarding was largely attributed to rising vol-
umes of nonurgent visits and internal inefficiencies within 
ED operations. However, emerging evidence increasingly 
points toward more systemic dysfunctions, particularly in 
the output domain.

Despite multiple interventions targeting triage, workflow 
redesign, and nonurgent attendances, durable improvements 
have been limited, suggesting that a key bottleneck lies 
downstream, in bed allocation, inpatient flow, and discharge 
processes.

This narrative review examines the role of output-related 
factors as major drivers of boarding and ED overcrowding, 
supporting the interpretation of overcrowding as a whole-
hospital phenomenon rather than an ED-contained issue. We 
narratively summarize conceptual and empirical evidence 
published between 1990 and December 2025, and propose 
reframing boarding as a manifestation of hospital-wide 
flow dysfunction. Rethinking this framework may facili-
tate a shift toward organizational and governance strategies 
capable of improving patient flow, safety, and overall system 
performance.

Materials and methods

This narrative review synthesizes current evidence on the 
determinants of boarding and hospital overcrowding, with 
a particular focus on output factors.

A non-systematic literature search was conducted using 
PubMed and Web of Science, focusing on studies pub-
lished between January 1990 and December 2025 related 
to emergency department overcrowding, boarding, access 
block, patient flow, hospital capacity, and hospital-level 
interventions.

Relevant original studies, reviews, and conceptual arti-
cles were considered according to their relevance to the 
aims of the review, particularly those addressing clinical, 
organizational, or system-level determinants of boarding 
and hospital overcrowding in adult emergency department 
and hospital settings. Studies focused exclusively on special 
populations or non-hospital settings were not considered. 
Given the narrative design, study selection prioritized con-
ceptual relevance over exhaustive inclusion. The literature 
was narratively synthesized and organized according to 
the input–throughput–output framework, with particular 

attention to output constraints and whole-hospital patient-
flow strategies.

Results and discussion

The Asplin model: input–throughput–output

In 2003, Asplin et al. proposed the input–throughput–output 
model, which remains the main conceptual framework for 
understanding ED overcrowding [8]. The model highlights 
that overcrowding extends beyond ED processes and reflects 
broader imbalances between healthcare demand, hospital 
capacity, and patient flow. This model was designed not only 
to describe operational dynamics within the ED but also to 
provide administrators, researchers, and policymakers with a 
structured framework through which to identify causal path-
ways and develop targeted interventions.

Input factors

Input factors include all determinants of demand for ED ser-
vices. While emergency care represents the core mission of 
the ED, a substantial proportion of visits is related to urgent 
but unscheduled conditions that are not effectively managed 
by other components of the healthcare system. Structural 
barriers such as limited access to primary care, diagnostic 
delays, and fragmentation of outpatient services frequently 
redirect patients toward the ED. The ED also serves as a 
critical safety net for vulnerable populations, including 
individuals with limited access to primary care or, in some 
healthcare systems, without insurance coverage. Patient-
related characteristics further influence resource utilization 
and length of stay [9–11]. Population aging, social isolation, 
and seasonal surges (such as influenza outbreaks) add addi-
tional variability to input demand [12].

Throughput factors

Throughput refers to all internal ED processes from triage 
to final disposition. In the Asplin model, ED length of stay 
(ED LoS) represents a key operational metric within this 
domain [13].

Two major phases can be identified: initial triage and 
clinical assessment. The first phase consists of triage, nurs-
ing assessment, and allocation to a treatment area; the sec-
ond phase consists of medical management, along with 
diagnostic workup, treatment, and decision-making, and 
it is often the longer of the two. Throughput time is influ-
enced by team coordination, physical layout, staffing ratios, 
diagnostic efficiency, access to prior medical information, 
and timely specialty consultations [14]. Workforce-related 
variables also play a substantial role. Staffing shortages, 



Internal and Emergency Medicine	

burnout, excessive workload, and high turnover rates are 
strongly associated with throughput inefficiencies and may 
exacerbate overcrowding [15, 16]. Importantly, although 
these factors manifest within the ED, they are often shaped 
by broader system-level organizational factors [10].

Output factors

Output encompasses all processes occurring after the clini-
cal decision to admit or discharge a patient, including barri-
ers that delay transfer from the ED or impede safe discharge.

Typically, ED patients are either admitted to inpatient 
wards, discharged home with follow-up, transferred to 
another facility, or returned to residential care settings. Mul-
tiple obstacles may disrupt this pathway. One of the most 
frequently cited determinants of persistent ED overcrowding 
is the inability to transfer admitted patients to inpatient beds, 
resulting in boarding [17, 18].

Discharge processes may also generate output strain. 
Discharge-related barriers, such as delayed outpatient fol-
low-up or difficulties in arranging safe discharge, may pro-
long ED LoS or contribute to avoidable admissions. When 
adequate follow-up cannot be guaranteed, especially in vul-
nerable populations, clinicians may opt for hospital admis-
sion, further occupying inpatient beds. Conversely, patients 
discharged without adequate continuity of care may return 
to the ED to complete their diagnostic or therapeutic path-
way or because of persistent or worsening symptoms [19]. 
A similar pattern is observed among individuals who leave 
the ED before completing their evaluation [20].

From Asplin model to the funnel model

Subsequent interpretations of the Asplin model, such as the 
funnel model, have further emphasized the structural imbal-
ance between growing input and constrained output capacity. 
In this model, the wide opening of the funnel represents 
input factors, the central body corresponds to throughput 
processes, and the narrow neck symbolizes output factors. 
Under conditions of overcrowding, the metaphor illustrates 
a structural imbalance: the funnel mouth progressively 
expands to accommodate increasing demand, while the neck 
effectively narrows due to processing delays, rising care 
complexity, and insufficient downstream capacity [4]. As 
the hospital’s primary entry point and the interface between 
community care and inpatient services, the ED is uniquely 
exposed to fluctuations and failures in both domains. Con-
sequently, dysfunction in either upstream access to care or 
downstream bed availability inevitably manifests as ED 
overcrowding, regardless of how efficiently the department 
itself is managed.

Access block and the boarding phenomenon  Among out-
put factors, a central one is the inability to admit patients 
who have completed their diagnostic and therapeutic path-
way in the ED and require inpatient care. When no bed 
is available, the emergency physicians are compelled to 
retain admitted patients within the ED, assuming ongo-
ing clinical responsibility until ward placement becomes 
possible. This situation directly compromises both the 
quality of care delivered to boarded patients and the ED’s 
capacity to evaluate and treat newly arriving individuals, 
thereby fueling a self-perpetuating cycle of overcrowding 
and workforce strain.

Access block (Exit block)

Access block refers to the condition in which patients requir-
ing hospital admission from the ED are unable to obtain 
an appropriate inpatient bed within a reasonable timeframe 
[21, 22]. The term exit block, historically used in a similar 
context, emphasizes the obstruction of patient outflow from 
the ED, whereas access block adopts a more patient-centered 
perspective, highlighting the failure to access definitive inpa-
tient care [23].

The definition of a “reasonable timeframe” has been 
debated. Definitions vary across systems, with time-based 
thresholds ranging from 4 to 8 h in the UK, Australasia, and 
Italy [3].

A large Irish university hospital study demonstrated that, 
for patients requiring admission, the single longest interval 
(accounting for approximately 60% of total ED length of 
stay) was the time between bed request and bed allocation 
[24].

Multiple studies have demonstrated a strong relationship 
between access block and inpatient bed shortages. Reduced 
bed availability, combined with delayed acceptance by 
admitting services, appears to be a primary determinant of 
prolonged boarding [4, 23]. Periods of high hospital occu-
pancy are consistently linked to increased ED LoS and 
higher rates of access block [25].

Boarding

Boarding represents the operational manifestation of access 
block. It describes the practice of holding admitted patients 
within the ED after completion of their diagnostic evaluation 
due to insufficient inpatient capacity [2].

This practice reduces ED capacity, diverts staff attention 
away from new patients, and exposes admitted patients to an 
environment not designed for ongoing inpatient care [26]. 
In large EDs, more than 40% of the medical and nursing 
workload may be devoted to managing admitted patients 
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awaiting beds, significantly reducing the ability to care for 
new arrivals [4].

Boarding, therefore, constitutes not merely a logistical 
inconvenience but a structural distortion of the ED’s func-
tion, transforming it from a rapid-assessment and stabiliza-
tion unit into an involuntary holding area [27]. The system-
wide consequences of boarding are summarized in Fig. 1.

Quantitative impact of boarding and overcrowding

The magnitude of these effects is evident in quantitative 
studies. In a cohort of more than 41,000 admitted patients, 
in-hospital mortality increased from 2.5% among those 
boarded for less than 2 h to 4.5% among those remaining 
in the ED for 12 h or longer. Hospital length of stay also 
increased, from an average of 5.6 days in patients boarded 
for less than 2 h to 8.7 days in those boarded for at least 
24 h [7].

The impact is not confined to patients directly experi-
encing boarding. In an analysis of more than 466,000 ED 
encounters across two hospitals, each additional boarded 
patient was associated with approximately 12–14 extra min-
utes in the median ED LoS of all admitted patients [26]. A 
similar spillover effect was observed among patients who 
were ultimately discharged. In a retrospective study of nearly 

180,000 discharged patients, median ED LoS increased by 
approximately 10% across increasing levels of boarder bur-
den. The greatest effect was observed among medium-acu-
ity patients presenting between 11:00 a.m. and 11:00 p.m., 
whose median stay was 57 min longer [28].

At the hospital level, a 10% increase in hospital occu-
pancy was associated with an approximately 18-min increase 
in ED LoS among admitted patients and it appeared to 
increase extensively when hospital occupancy exceeded a 
threshold of 90% [18]. Patients experiencing access block 
also remained in hospital, on average, 0.8 days longer than 
those transferred without delay to an inpatient bed [22]. 
Together, these findings illustrate how boarding generates 
cumulative clinical and operational effects across the entire 
emergency and inpatient system [10].

Interventions targeting input and throughput  Historically, 
strategies aimed at reducing ED overcrowding have primar-
ily focused on input and throughput domains. Early policy 
efforts largely assumed that regulating demand or improv-
ing internal efficiency would substantially mitigate over-
crowding.

Interventions on input factors

Early interventions focused on input factors, including pub-
lic education, improving primary care, and redirecting non-
urgent attendances [1, 29]. However, accumulating evidence 
has challenged the assumption that presentations for non-
urgent complaints are the principal driver of overcrowding. 
Their overall effect appears modest and context-dependent, 
especially when boarding remains unresolved [1]. More 
recent reviews further confirm that while input-focused 
interventions may improve appropriateness of ED use in spe-
cific subgroups, their overall effect on overcrowding remains 
limited and inconsistent across settings [30].

Interventions on throughput factors

Throughput interventions target internal ED processes and 
have been widely implemented due to their direct controlla-
bility. Strategies such as process redesign, streaming models, 
early senior assessment, fast-track pathways, nurse-initiated 
protocols, expanded nursing roles, and advanced practice 
providers consistently improve operational metrics, includ-
ing waiting times, rates of patients leaving without being 
seen (LWBS) and ED LoS. However, despite these local 
gains, their impact on overall overcrowding remains limited 
[1, 30–32].

In the Italian context, the development of Short-Stay 
Observation Units (OBI) represents a structured throughput 
strategy. Designed for patients with moderate complexity or 
diagnostic uncertainty, OBI allows for extended evaluation 

Fig. 1   System-wide consequences of ED boarding. Boarding in 
the ED affects multiple domains of healthcare performance. At the 
clinical level, it is associated with delayed treatment, medical errors, 
adverse events, and worse patient outcomes. At the organizational 
level, boarding compromises access to care, quality of care, opera-
tional performance, and ED throughput. At the system level, it also 
impacts patient experience, medical education, staff burnout, and the 
financial sustainability of healthcare systems
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and stabilization under ED supervision. Studies suggest that 
this model can reduce unnecessary admissions, potentially 
alleviating downstream demand on inpatient beds [33]. 
Point-of-care testing and other diagnostic acceleration tools 
demonstrate benefit primarily when laboratory turnaround 
time is the true rate-limiting step; otherwise, their effect on 
global overcrowding metrics remains limited [10, 32].

Taken together, these findings highlight a fundamental 
limitation of ED-centered interventions: efficiency improve-
ments within ED may not generate durable reductions in 
overcrowding when substantial downstream output con-
straints remain unresolved.

From microcosm to macrocosm: beyond the ED  The input–
throughput–output model provides a framework for inter-
preting patient flow both within the ED and across the wider 
healthcare system, with access block and boarding repre-
senting the critical interface between these levels. Although 
overcrowding results from factors across all three domains, 
many influential determinants, particularly those related to 
output, remain beyond the direct control of the ED [34].

A consistent finding across the literature is the mis-
match between the most frequently identified determinants 
of ED overcrowding and the interventions most frequently 
implemented. While output constraints appear to account 
for a substantial proportion of the structural drivers, most 
strategies have historically focused on input and throughput 
processes. This misalignment may explain why improve-
ments in triage, streaming, or internal ED workflow do not 
necessarily translate into sustained reductions in overcrowd-
ing when inpatient bed allocation and discharge processes 
remain constrained [10, 35, 36]. Nevertheless, high-quality 
evidence on sustainable macro-level solutions remains lim-
ited, underscoring the need for further research and manage-
rial engagement.

ED as the epicenter of systemic failure

ED overcrowding is increasingly recognized as the surface 
expression of a broader phenomenon: hospital overcrowd-
ing. The ED may therefore act as a sentinel of hospital-wide 
flow dysfunction, where downstream capacity constraints 
become clinically visible through access block and boarding 
[35]. The interaction between ED and hospital-wide patient 
flow is illustrated in Fig. 2.

Some authors have described access block as a “theory 
of everything” in emergency medicine, emphasizing its 
pervasive and integrative nature [3]. A persistent obstacle 
to systemic understanding has been the enduring myth of 
inappropriate ED use. Available evidence suggests that low-
acuity patients may contribute less substantially to overall 
resource consumption and sustained overcrowding than is 
commonly assumed. Although their impact varies across 

settings and periods of demand, they generally account for 
a small proportion of admissions and exert less influence 
on the ED’s ability to manage critically ill patients in many 
large EDs. The continued focus on “inappropriate attend-
ers” may divert attention from the structural determinants 
of overcrowding [37].

More broadly, prolonged ED stays may also arise from 
organizational bottlenecks across the acute-care pathway, 
rather than from ED processes alone. In a root-cause analysis 
of patients with an ED LoS exceeding 6 h, 78% of the identi-
fied causes were organizational, and 95% of these were out-
side the direct control of the ED. Frequent causes included 
delays in admission or interhospital transfer, radiological 
waiting and reporting times, and sequential specialist con-
sultations [34].

Among these organizational constraints, boarding of 
admitted patients has been consistently identified as one of 
the principal contributors to sustained overcrowding.[38] Its 
effects propagate across the acute-care system, increasing 
ambulance holding times, delaying diagnostic assessment 
and definitive treatment, and disrupting transfers to inpatient 
wards and intensive care units [3].

Interventions targeting output factors

Interventions targeting output factors may provide critical 
leverage points for meaningful and sustained improvement 
[10, 30].

A first group of interventions focuses on optimizing the 
dynamic use of existing capacity through coordinated bed 
management. This usually involves structured patient-flow 
systems led by dedicated roles (e.g., bed managers or patient 
flow managers) with the authority to coordinate admissions 
and balance elective and emergency demand. When sup-
ported by effective hospital-level decision-making power, 
such models can improve bed allocation, anticipate bottle-
necks, and better synchronize urgent admissions with dis-
charge processes. In this way, the benefit derives not from an 
absolute increase in the number of inpatient beds, but from 
improved management of bed resources, with a reduction 
in organizational inefficiencies that sustain chronically high 
occupancy levels [39].

A second core domain is discharge optimization, includ-
ing early discharge strategies, proactive discharge planning, 
and strengthening weekend discharges [40]. Delays in dis-
charge are often driven by organizational rather than clinical 
factors, and targeted interventions are frequently associated 
with reduced inpatient occupancy and increased bed avail-
ability for ED admissions. In addition, discharge lounges 
(dedicated areas for patients who have been discharged 
but are awaiting transportation) may facilitate earlier bed 
release. These structures have been linked to reduced trans-
fer delays, shorter overall hospital length of stay, and, in 
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some contexts, cost savings without increased readmissions. 
However, the limited available evidence indicates wide vari-
ation in discharge lounge design across sites and offers little 
generalizable insight regarding their performance [41].

A further output strategy involves smoothing elective 
admissions, as elective admissions clustered on specific 
weekdays can saturate inpatient wards and reduce surge 
capacity for unscheduled ED demand. Literature also 
describes potential benefits from creating medical assess-
ment units and short-stay units managed by inpatient ser-
vices, which can physically and functionally separate 
patients awaiting admission from critical ED flows and act 
as a “decompression buffer” for urgent admissions [42, 43].

Finally, broader macro-level initiatives, including 
enhanced transitional care pathways and home-based care 
models (e.g., hospital-at-home), aim to support timely dis-
charge once patients are stabilized, thereby increasing effec-
tive output capacity.

Evidence suggests that delays in discharge and ineffi-
cient inpatient flow, more than bed scarcity alone, are key 

determinants of access block and boarding. Accordingly, 
interventions that enhance hospital-wide coordination and 
prioritize patient flow across the entire admission–discharge 
continuum may have a substantial impact [44].

The continuous flow model

Recent developments in the debate on output interventions 
have clarified that the core issue is not merely the static 
availability of inpatient beds, but the hospital’s capacity 
to maintain a continuous and dynamic flow of admitted 
patients. In this perspective, models of continuous flow or 
proactive flow (including structured Full Capacity Protocols) 
have been proposed as strategies to redistribute admitted 
patients from the ED to inpatient areas even during periods 
of bed saturation [45].

The underlying rationale is that boarding is not a neu-
tral waiting condition, but a clinically and organizationally 
hazardous state associated with treatment delays, worse 
outcomes, and increased mortality. Concentrating admitted 

Fig. 2   Conceptual model of ED boarding as a manifestation of 
hospital-wide flow dysfunction. Patient flow in the ED follows an 
input–throughput–output model. When inpatient beds are unavaila-
ble, admitted patients remain in the ED, resulting in access block and 
boarding. At the hospital level, both emergency and elective admis-

sions compete for limited hospital capacity and depend on efficient 
inpatient care, bed management, and discharge processes. Delays 
in hospital throughput generate upstream pressure that manifests as 
boarding in the ED. In turn, the accumulation of boarded patients fur-
ther slows ED throughput and contributes to ED overcrowding
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patients within the ED amplifies these risks while simulta-
neously impairing its function and pre-hospital emergency 
system responsiveness. Continuous flow models therefore 
seek to distribute operational strain across the hospital, 
rather than allowing it to accumulate disproportionately 
within the ED [46].

By reallocating responsibility for admitted patients to 
inpatient services, even in high-occupancy conditions, the 
hospital acknowledges boarding as a system-wide risk rather 
than an ED-contained inconvenience [47].

However, as critically emphasized in the literature, no 
intervention is universally effective, and effectiveness 
remains context-dependent: one size does not fit all [48]. 
Even output interventions, though potentially high-impact, 
require adaptive design and strong hospital governance.

Hospital‑wide interventions

In recent years, a growing body of literature has shifted 
attention from isolated interventions targeting specific 
phases toward hospital-wide strategies.

Increasing acute-care bed capacity and staffing is one of 
the most direct ways to reduce access block, but in practice 
this depends on resource allocation and policy priorities, 
a challenge that hospital management continuously faces 
while attempting to balance competing healthcare demands. 
Consequently, healthcare funders and policymakers must be 
persuaded that boarding represents a critical system-level 
issue that deserves prioritization in resource allocation 
alongside other areas of healthcare [49].

Although many hospitals acknowledge boarding as a 
major driver of overcrowding, no single intervention has 
consistently demonstrated superiority across settings. 
Instead, studies have identified four recurring organiza-
tional domains associated with better performance: direct 
executive leadership involvement, coordinated hospital-level 

strategies, data-driven management, and clear accountability 
mechanisms.

High-performing centers typically rely on real-time data 
monitoring, transparent dashboards, and rapid feedback 
loops to frontline staff, while framing ED overcrowding as 
an institutional priority with shared accountability across 
departments. By contrast, lower-performing institutions tend 
to depend on retrospective reporting and lack structured 
accountability processes.

Active engagement of executive leadership (through 
clear goal setting, resource allocation, and direct oversight 
of patient flow processes) has emerged as a critical deter-
minant of success, together with improved coordination 
across departments involved in acute-care pathways and the 
development of multidisciplinary strategies addressing bot-
tlenecks along the entire admission–discharge continuum 
[50]. The main interventions proposed in the literature to 
address ED overcrowding across the input-throughput-
output framework and through hospital-wide strategies are 
summarized in Table 1.

Interventions proposed in the literature can be grouped 
according to the input-throughput-output model. While 
input- and throughput-focused strategies mainly improve 
operational efficiency within the ED, sustained reductions in 
overcrowding are often associated with interventions target-
ing hospital output capacity and coordinated hospital-wide 
patient flow.

Prospective evidence supports this integrated approach. 
A multimodal hospital-wide intervention implemented in a 
large Australian tertiary hospital was associated with signifi-
cant improvements in overcrowding and boarding indicators, 
reduced ED occupancy, and improved timeliness metrics, 
without deterioration in quality outcomes such as early 
returns or rates of LWBS [51].

Future strategies should combine demand management 
with real-time, hospital-wide flow coordination. Potential 

Table 1   Reported interventions to address ED overcrowding within the input–throughput–output framework

Domain Intervention Overall effect

Input factors Public education campaigns; strengthening primary care 
access; redirection of non-urgent attendances

Limited and context-dependent impact on ED over-
crowding

Throughput factors Lean process redesign; patient streaming or split-flow 
models; rapid assessment zones; reverse triage; physi-
cian-in-triage; fast-track pathways; observation units; 
nurse-initiated protocols; point-of-care testing

Improve ED operational efficiency but rarely resolve 
overcrowding when output constraints persist

Output factors Centralized bed management; discharge optimization; 
early discharge planning; weekend discharges; discharge 
lounges; elective admission smoothing; medical assess-
ment units; short-stay inpatient units; transitional care 
pathways; hospital-at-home programs

Potentially high impact through improved inpatient flow 
and bed availability

Hospital-wide strategies Increased acute care bed capacity; executive leadership 
engagement; hospital-wide flow coordination; real-time 
operational dashboards; multidisciplinary governance

Among the most promising approaches for sustainable 
reduction of boarding and overcrowding
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areas for innovation include predictive analytics to antici-
pate demand and bed availability, dynamically updated 
operational dashboards, centralized patient-flow command 
structures, and regional sharing of inpatient capacity. These 
approaches should be integrated with targeted demand-
management initiatives and improved access to alternatives 
to hospitalization, including same-day emergency care, vir-
tual wards, and hospital-at-home pathways, particularly for 
patient groups in whom avoidable ED attendance can be 
safely reduced.

Although further evidence is needed, these findings sup-
port coordinated, leadership-driven, and accountable hos-
pital-wide strategies as a promising avenue for sustainable 
improvement.

Conclusions

ED overcrowding has long been framed as an operational 
problem of the ED itself. However, the evidence reviewed 
here suggests that some of its most persistent determinants 
may lie downstream, particularly in the inability of hospitals 
to provide timely inpatient placement and maintain effective 
patient flow. In this perspective, boarding is not merely a 
transfer delay, but a critical failure in the system’s ability to 
provide timely and appropriate care, with direct implications 
for patient safety and outcomes.

This interpretation broadens accountability beyond the 
ED alone. Sustainable improvement is more likely when 
patient flow is managed through integrated bed coordina-
tion, discharge optimization, elective-demand smoothing, 
real-time operational governance, and executive leadership 
engagement. Although no single intervention is universally 
effective and local context remains crucial, the literature 
increasingly supports hospital-wide strategies over isolated 
ED-based solutions.

Ultimately, ED overcrowding may be best understood not 
as the disease itself, but as the visible symptom of broader 
hospital dysfunction, with boarding representing one of its 
clearest clinical manifestations.

Addressing this challenge requires a shift from an ED-
centered narrative to a whole-hospital strategy, recognizing 
that responsibility for timely and safe patient flow lies with 
the entire organization.

Author contributions  CB and MC conceived the article and defined its 
conceptual framework. MC performed the literature search and drafted 
the manuscript. DA and FG critically revised the manuscript for impor-
tant intellectual content. All authors contributed to the interpretation of 
the literature, approved the final version of the manuscript, and agree 
to be accountable for all aspects of the work.

Funding  Open access funding provided by Alma Mater Studiorum 
- Università di Bologna within the CRUI-CARE Agreement. This 

research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.

Data availability  Data sharing not applicable to this article as no data-
sets were generated or analyzed during the current study.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval and consent to participate  Not applicable.

Consent for publication  Not applicable.

Human and animal rights statement and informed consent  This arti-
cle does not contain any studies with human participants or animals 
performed by any of the authors. Informed consent is therefore not 
applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Kenny JF, Chang BC, Hemmert KC (2020) Factors affecting 
emergency department crowding. Emerg Med Clin North Am 
38:573–587. https://​doi.​org/​10.​1016/j.​emc.​2020.​04.​001

	 2.	 American College of Emergency Physicians (ACEP) (2011) 
Definition of boarded patient. Policy Statement Ann Emerg Med 
57:548. https://​doi.​org/​10.​1016/j.​annem​ergmed.​2011.​01.​022

	 3.	 Forero R, McCarthy S, Hillman K (2011) Access block and emer-
gency department overcrowding. Crit Care 15:216. https://​doi.​org/​
10.​1186/​cc9998

	 4.	 Savioli G, Ceresa IF, Gri N, Bavestrello Piccini G, Longhitano Y, 
Zanza C, Piccioni A, Esposito C, Ricevuti G, Bressan MA (2022) 
Emergency department overcrowding: understanding the factors 
to find corresponding solutions. J Pers Med 12:279. https://​doi.​
org/​10.​3390/​jpm12​020279

	 5.	 Gaieski DF, Agarwal AK, Mikkelsen ME, Drumheller B, Cham 
Sante S, Shofer FS, Goyal M, Pines JM (2017) The impact of ED 
crowding on early interventions and mortality in patients with 
severe sepsis. Am J Emerg Med 35:953–960. https://​doi.​org/​10.​
1016/j.​ajem.​2017.​01.​061

	 6.	 Kulstad EB, Kelley KM (2009) Overcrowding is associated with 
delays in percutaneous coronary intervention for acute myocardial 
infarction. Int J Emerg Med 2:149–154. https://​doi.​org/​10.​1007/​
s12245-​009-​0107-x

	 7.	 Singer AJ, Thode HC, Viccellio P, Pines JM (2011) The associa-
tion between length of emergency department boarding and mor-
tality. Acad Emerg Med 18:1324–1329. https://​doi.​org/​10.​1111/j.​
1553-​2712.​2011.​01236.x

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.emc.2020.04.001
https://doi.org/10.1016/j.annemergmed.2011.01.022
https://doi.org/10.1186/cc9998
https://doi.org/10.1186/cc9998
https://doi.org/10.3390/jpm12020279
https://doi.org/10.3390/jpm12020279
https://doi.org/10.1016/j.ajem.2017.01.061
https://doi.org/10.1016/j.ajem.2017.01.061
https://doi.org/10.1007/s12245-009-0107-x
https://doi.org/10.1007/s12245-009-0107-x
https://doi.org/10.1111/j.1553-2712.2011.01236.x
https://doi.org/10.1111/j.1553-2712.2011.01236.x


Internal and Emergency Medicine	

	 8.	 Asplin BR, Magid DJ, Rhodes KV, Solberg LI, Lurie N, Camargo 
CA (2003) A conceptual model of emergency department crowd-
ing. Ann Emerg Med 42:173–180. https://​doi.​org/​10.​1067/​mem.​
2003.​302

	 9.	 Vogel JA, Rising KL, Jones J, Bowden ML, Ginde AA, Havranek 
EP (2019) Reasons patients choose the emergency department 
over primary care: a qualitative metasynthesis. J Gen Intern Med 
34:2610–2619. https://​doi.​org/​10.​1007/​s11606-​019-​05128-x

	10.	 Morley C, Unwin M, Peterson GM, Stankovich J, Kinsman L 
(2018) Emergency department crowding: a systematic review of 
causes, consequences and solutions. PLoS ONE 13:e0203316. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02033​16

	11.	 Rasouli HR, Aliakbar Esfahani A, Abbasi Farajzadeh M (2019) 
Challenges, consequences, and lessons for way-outs to emergen-
cies at hospitals: a systematic review study. BMC Emerg Med 
19:62. https://​doi.​org/​10.​1186/​s12873-​019-​0275-9

	12.	 Pearce S, Marchand T, Shannon T, Ganshorn H, Lang E (2023) 
Emergency department crowding: an overview of reviews describ-
ing measures causes, and harms. Intern Emerg Med 18:1137–
1158. https://​doi.​org/​10.​1007/​s11739-​023-​03239-2

	13.	 Hwang U, McCarthy ML, Aronsky D, Asplin B, Crane PW, Cra-
ven CK, Epstein SK, Fee C, Handel DA, Pines JM, Rathlev NK, 
Schafermeyer RW, Zwemer FL, Bernstein SL (2011) Measures 
of crowding in the emergency department: a systematic review. 
Acad Emerg Med 18:527–538. https://​doi.​org/​10.​1111/j.​1553-​
2712.​2011.​01054.x

	14.	 Youssef E, Benabbas R, Choe B, Doukas D, Taitt HA, Verma R, 
Zehtabchi S (2024) Interventions to improve emergency depart-
ment throughput and care delivery indicators: a systematic review 
and meta-analysis. Acad Emerg Med 31:789–804. https://​doi.​org/​
10.​1111/​acem.​14946

	15.	 Somville F, Van Bogaert P, Wellens B, De Cauwer H, Franck E 
(2024) Work stress and burnout among emergency physicians: 
a systematic review of last 10 years of research. Acta Clin Belg 
79:52–61. https://​doi.​org/​10.​1080/​17843​286.​2023.​22736​11

	16.	 Basu S, Qayyum H, Mason S (2017) Occupational stress in the 
ED: a systematic literature review. Emerg Med J 34:441–447. 
https://​doi.​org/​10.​1136/​emerm​ed-​2016-​205827

	17.	 Espinosa G, Miró O, Sánchez M, Coll-Vinent B, Millá J (2002) 
Effects of external and internal factors on emergency department 
overcrowding. Ann Emerg Med 39:693–695. https://​doi.​org/​10.​
1067/​mem.​2002.​124447

	18.	 Forster AJ, Stiell I, Wells G, Lee AJ, van Walraven C (2003) 
The effect of hospital occupancy on emergency department length 
of stay and patient disposition. Acad Emerg Med 10:127–133. 
https://​doi.​org/​10.​1111/j.​1553-​2712.​2003.​tb000​29.x

	19.	 Gorlick M-K, Balasubramanian S, Han G, Hickner A, Talukder 
P, Steel PA, Jiang L (2025) Scoping review of adult emergency 
department discharge interventions. West J Emerg Med 26:823–
834. https://​doi.​org/​10.​5811/​westj​em.​35264

	20.	 Roby N, Smith H, Hurdelbrink J, Craig S, Hawthorne C, 
DuMontier S, Kluesner N (2022) Characteristics and retention 
of emergency department patients who left without being seen 
(LWBS). Intern Emerg Med 17:551–558. https://​doi.​org/​10.​1007/​
s11739-​021-​02775-z

	21.	 Fatovich DM, Hirsch RL (2003) Entry overload, emergency 
department overcrowding, and ambulance bypass. Emerg Med J 
20:406–409. https://​doi.​org/​10.​1136/​emj.​20.5.​406

	22.	 Richardson DB (2002) The access-block effect: relationship 
between delay to reaching an inpatient bed and inpatient length 
of stay. Med J Aust 177:492–495. https://​doi.​org/​10.​5694/j.​1326-​
5377.​2002.​tb049​17.x

	23.	 Mason S, Knowles E, Boyle A (2017) Exit block in emergency 
departments: a rapid evidence review. Emerg Med J 34:46–51. 
https://​doi.​org/​10.​1136/​emerm​ed-​2015-​205201

	24.	 Gilligan P, Winder S, Ramphul N, O’kelly P (2010) The referral 
and complete evaluation time study. Eur J Emerg Med 17:349–
353. https://​doi.​org/​10.​1097/​MEJ.​0b013​e3283​37b9f1

	25.	 Khanna S, Boyle J, Good N, Lind J (2012) Early discharge and its 
effect on ED length of stay and access block. Stud Health Technol 
Inform. 178: 92–98 

	26.	 Laam LA, Wary AA, Strony RS, Fitzpatrick MH, Kraus CK 
(2021) Quantifying the impact of patient boarding on emer-
gency department length of stay: all admitted patients are nega-
tively affected by boarding. J Am Coll Emerg Physicians Open 
2:e12401. https://​doi.​org/​10.​1002/​emp2.​12401

	27.	 da Silva Ramos FJ, Freitas FGR, Machado FR (2024) Boarding in 
the emergency department: challenges and mitigation strategies. 
Curr Opin Crit Care 30:239–245. https://​doi.​org/​10.​1097/​MCC.​
00000​00000​001149

	28.	 White BA, Biddinger PD, Chang Y, Grabowski B, Carignan 
S, Brown DFM (2013) Boarding inpatients in the emergency 
department increases discharged patient length of stay. J Emerg 
Med 44:230–235. https://​doi.​org/​10.​1016/j.​jemer​med.​2012.​05.​
007

	29.	 Morgan SR, Chang AM, Alqatari M, Pines JM (2013) Non-
emergency department interventions to reduce ED utilization: 
a systematic review. Acad Emerg Med 20:969–985. https://​doi.​
org/​10.​1111/​acem.​12219

	30.	 Pearce S, Marr E, Shannon T, Marchand T, Lang E (2024) Over-
crowding in emergency departments: an overview of reviews 
describing global solutions and their outcomes. Intern Emerg 
Med 19:483–491. https://​doi.​org/​10.​1007/​s11739-​023-​03477-4

	31.	 Joseph JW, White BA (2020) Emergency department operations: 
an overview. Emerg Med Clin North Am 38:549–562. https://​
doi.​org/​10.​1016/j.​emc.​2020.​04.​005

	32.	 Grant KL, Bayley CJ, Premji Z, Lang E, Innes G (2020) 
Throughput interventions to reduce emergency department 
crowding: a systematic review. CJEM 22:864–874. https://​doi.​
org/​10.​1017/​cem.​2020.​426

	33.	 Savioli G, Ceresa IF, Manzoni F, Ricevuti G, Bressan MA, Odd-
one E (2020) Role of a brief intensive observation area with a 
dedicated team of doctors in the management of acute heart 
failure patients: a retrospective observational study. Medicina 
(Kaunas) 56:251. https://​doi.​org/​10.​3390/​medic​ina56​050251

	34.	 Driesen BEJM, van Riet BHG, Verkerk L, Bonjer HJ, Merten H, 
Nanayakkara PWB (2018) Long length of stay at the emergency 
department is mostly caused by organisational factors outside 
the influence of the emergency department: a root cause analy-
sis. PLoS ONE 13:e0202751. https://​doi.​org/​10.​1371/​journ​al.​
pone.​02027​51

	35.	 McKenna P, Heslin SM, Viccellio P, Mallon WK, Hernandez C, 
Morley EJ (2019) Emergency department and hospital crowd-
ing: causes, consequences, and cures. Clin Exp Emerg Med 
6:189–195. https://​doi.​org/​10.​15441/​ceem.​18.​022

	36.	 Samadbeik M, Staib A, Boyle J, Khanna S, Bosley E, Bodnar D, 
Lind J, Austin JA, Tanner S, Meshkat Y, de Courten B, Sullivan 
C (2024) Patient flow in emergency departments: a compre-
hensive umbrella review of solutions and challenges across the 
health system. BMC Health Serv Res 24:274. https://​doi.​org/​
10.​1186/​s12913-​024-​10725-6

	37.	 Richardson DB, Mountain D (2009) Myths versus facts in emer-
gency department overcrowding and hospital access block. Med 
J Aust 190:369–374. https://​doi.​org/​10.​5694/j.​1326-​5377.​2009.​
tb024​51.x

	38.	 Jones PG, Mountain D, Forero R (2021) Emergency department 
crowding measures associations with quality of care: a system-
atic review. Emerg Med Australas 33:592–600. https://​doi.​org/​
10.​1111/​1742-​6723.​13743

	39.	 Howell E, Bessman E, Kravet S, Kolodner K, Marshall R, 
Wright S (2008) Active bed management by hospitalists and 

https://doi.org/10.1067/mem.2003.302
https://doi.org/10.1067/mem.2003.302
https://doi.org/10.1007/s11606-019-05128-x
https://doi.org/10.1371/journal.pone.0203316
https://doi.org/10.1186/s12873-019-0275-9
https://doi.org/10.1007/s11739-023-03239-2
https://doi.org/10.1111/j.1553-2712.2011.01054.x
https://doi.org/10.1111/j.1553-2712.2011.01054.x
https://doi.org/10.1111/acem.14946
https://doi.org/10.1111/acem.14946
https://doi.org/10.1080/17843286.2023.2273611
https://doi.org/10.1136/emermed-2016-205827
https://doi.org/10.1067/mem.2002.124447
https://doi.org/10.1067/mem.2002.124447
https://doi.org/10.1111/j.1553-2712.2003.tb00029.x
https://doi.org/10.5811/westjem.35264
https://doi.org/10.1007/s11739-021-02775-z
https://doi.org/10.1007/s11739-021-02775-z
https://doi.org/10.1136/emj.20.5.406
https://doi.org/10.5694/j.1326-5377.2002.tb04917.x
https://doi.org/10.5694/j.1326-5377.2002.tb04917.x
https://doi.org/10.1136/emermed-2015-205201
https://doi.org/10.1097/MEJ.0b013e328337b9f1
https://doi.org/10.1002/emp2.12401
https://doi.org/10.1097/MCC.0000000000001149
https://doi.org/10.1097/MCC.0000000000001149
https://doi.org/10.1016/j.jemermed.2012.05.007
https://doi.org/10.1016/j.jemermed.2012.05.007
https://doi.org/10.1111/acem.12219
https://doi.org/10.1111/acem.12219
https://doi.org/10.1007/s11739-023-03477-4
https://doi.org/10.1016/j.emc.2020.04.005
https://doi.org/10.1016/j.emc.2020.04.005
https://doi.org/10.1017/cem.2020.426
https://doi.org/10.1017/cem.2020.426
https://doi.org/10.3390/medicina56050251
https://doi.org/10.1371/journal.pone.0202751
https://doi.org/10.1371/journal.pone.0202751
https://doi.org/10.15441/ceem.18.022
https://doi.org/10.1186/s12913-024-10725-6
https://doi.org/10.1186/s12913-024-10725-6
https://doi.org/10.5694/j.1326-5377.2009.tb02451.x
https://doi.org/10.5694/j.1326-5377.2009.tb02451.x
https://doi.org/10.1111/1742-6723.13743
https://doi.org/10.1111/1742-6723.13743


	 Internal and Emergency Medicine

emergency department throughput. Ann Intern Med 149:804–
811. https://​doi.​org/​10.​7326/​0003-​4819-​149-​11-​20081​
2020-​00006

	40.	 Khanna S, Sier D, Boyle J, Zeitz K (2016) Discharge timeliness 
and its impact on hospital crowding and emergency department 
flow performance. Emerg Med Australas 28:164–170. https://​doi.​
org/​10.​1111/​1742-​6723.​12543

	41.	 Franklin BJ, Vakili S, Huckman RS, Hosein S, Falk N, Cheng K, 
Murray M, Harris S, Morris CA, Goralnick E (2020) The inpatient 
discharge lounge as a potential mechanism to mitigate emergency 
department boarding and crowding. Ann Emerg Med 75:704–714. 
https://​doi.​org/​10.​1016/j.​annem​ergmed.​2019.​12.​002

	42.	 Galipeau J, Pussegoda K, Stevens A, Brehaut JC, Curran J, For-
ster AJ, Tierney M, Kwok ESH, Worthington JR, Campbell SG, 
Moher D (2015) Effectiveness and safety of short-stay units in the 
emergency department: a systematic review. Acad Emerg Med 
22:893–907. https://​doi.​org/​10.​1111/​acem.​12730

	43.	 Rooney T, Moloney ED, Bennett K, O’Riordan D, Silke B (2008) 
Impact of an acute medical admission unit on hospital mortality: 
a 5-year prospective study. QJM 101:457–465. https://​doi.​org/​10.​
1093/​qjmed/​hcn025

	44.	 Hyde CJ, Robert IE, Sinclair AJ (2000) The effects of support-
ing discharge from hospital to home in older people. Age Ageing 
29:271–279. https://​doi.​org/​10.​1093/​ageing/​29.3.​271

	45.	 Mahase E (2022) A&E: move patients to wards regardless of 
bed capacity, to spread risk, says royal college. BMJ 379:o2557. 
https://​doi.​org/​10.​1136/​bmj.​o2557

	46.	 Villa-Roel C, Guo X, Holroyd BR, Innes G, Wong L, Ospina M, 
Schull M, Vandermeer B, Bullard MJ, Rowe BH (2012) The role 
of full capacity protocols on mitigating overcrowding in EDs. Am 

J Emerg Med 30:412–420. https://​doi.​org/​10.​1016/j.​ajem.​2010.​12.​
035

	47.	 Lang-Hodge AM, Monaghan MN, Lim R, Heymann EP, Lang E 
(2025) Modulating patient output: rethinking the role of EM in 
the healthcare system. Intern Emerg Med 20:215–220. https://​doi.​
org/​10.​1007/​s11739-​024-​03774-6

	48.	 Bandiera G, Ovens H, Revue E (2023) One size does not 
fit all: the complexities of addressing flow in contemporary 
EDs. Can J Emerg Med 25:185–186. https://​doi.​org/​10.​1007/​
s43678-​023-​00468-4

	49.	 Chan SSW, Cheung NK, Graham CA, Rainer TH (2015) Strate-
gies and solutions to alleviate access block and overcrowding in 
emergency departments. Hong Kong Med J 21:345–352. https://​
doi.​org/​10.​12809/​hkmj1​44399

	50.	 Chang AM, Cohen DJ, Lin A, Augustine J, Handel DA, Howell 
E, Kim H, Pines JM, Schuur JD, McConnell KJ, Sun BC (2018) 
Hospital strategies for reducing emergency department crowding: 
a mixed-methods study. Ann Emerg Med 71:497-505.e4. https://​
doi.​org/​10.​1016/j.​annem​ergmed.​2017.​07.​022

	51.	 Richardson DB, Brockman K, Abigail A, Hollis GJ (2017) 
Effects of a hospital-wide intervention on emergency department 
crowding and quality: a prospective study. Emerg Med Australas 
29:415–420. https://​doi.​org/​10.​1111/​1742-​6723.​12771

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.7326/0003-4819-149-11-200812020-00006
https://doi.org/10.7326/0003-4819-149-11-200812020-00006
https://doi.org/10.1111/1742-6723.12543
https://doi.org/10.1111/1742-6723.12543
https://doi.org/10.1016/j.annemergmed.2019.12.002
https://doi.org/10.1111/acem.12730
https://doi.org/10.1093/qjmed/hcn025
https://doi.org/10.1093/qjmed/hcn025
https://doi.org/10.1093/ageing/29.3.271
https://doi.org/10.1136/bmj.o2557
https://doi.org/10.1016/j.ajem.2010.12.035
https://doi.org/10.1016/j.ajem.2010.12.035
https://doi.org/10.1007/s11739-024-03774-6
https://doi.org/10.1007/s11739-024-03774-6
https://doi.org/10.1007/s43678-023-00468-4
https://doi.org/10.1007/s43678-023-00468-4
https://doi.org/10.12809/hkmj144399
https://doi.org/10.12809/hkmj144399
https://doi.org/10.1016/j.annemergmed.2017.07.022
https://doi.org/10.1016/j.annemergmed.2017.07.022
https://doi.org/10.1111/1742-6723.12771

	Where’s the way out? Access block, boarding and hospital overcrowding: a narrative review
	Abstract
	Background
	Materials and methods
	Results and discussion
	The Asplin model: input–throughput–output
	Input factors
	Throughput factors
	Output factors
	From Asplin model to the funnel model
	Access block and the boarding phenomenon 

	Access block (Exit block)
	Boarding
	Quantitative impact of boarding and overcrowding
	Interventions targeting input and throughput 

	Interventions on input factors
	Interventions on throughput factors
	From microcosm to macrocosm: beyond the ED 

	ED as the epicenter of systemic failure
	Interventions targeting output factors
	The continuous flow model
	Hospital-wide interventions


	Conclusions
	References


