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Abstract

Emergency department (ED) overcrowding has emerged as one of the most critical global healthcare
challenges, directly compromising patient safety, clinical quality, and physician performance. This
systematic review synthesizes international evidence (2013-2024) on the relationship between ED
overcrowding and patient outcomes, with a particular emphasis on the physician’s role in mitigating
risks. A PRISMA-guided analysis of 52 studies revealed consistent associations between overcrowding
and delayed treatment, increased in-hospital mortality, higher rates of left-without-being-seen (LWBS),
and diminished patient satisfaction. Physician-led interventions—including rapid triage reassessment,
escalation protocols, and hybrid nurse—physician triage—proved essential in correcting mis-triage and
reducing adverse outcomes. Emerging innovations such as artificial intelligence (Al)-assisted triage,
electronic health record (EHR)-integrated alerts, and tele-emergency care improved flow and surge
response, yet required physician oversight to ensure accuracy and safety. University hospitals, burdened
with both academic and clinical responsibilities, experience compounded overcrowding challenges.
Sustainable solutions demand integrated models that combine physician leadership, predictive digital
innovations, policy-level reforms, and physician well-being programs. Collectively, evidence
underscores that robust physician engagement is indispensable for safeguarding patient outcomes and
ensuring resilient ED operations worldwide.

Keywords: Emergency department; overcrowding; patient outcomes; physician leadership; triage;
artificial intelligence; tele-emergency medicine; systematic review.

Key Insights
¢ ED overcrowding increases mortality, delays, and LWBS rates across health systems.
e Physician leadership corrects mis-triage and improves survival.

e Al dashboards and predictive analytics enhance surge management but must remain under
physician oversight.

o University hospitals are disproportionately impacted due to dual clinical and academic burdens.

e Hybrid physician—nurse triage models, anchored by digital tools, provide the most resilient
framework for modern EDs.

1. Why This Review Matters?

WWW.DIABETICSTUDIES.ORG 171


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S8 2025

While ED overcrowding has been widely studied, most systematic reviews overlook its direct
relationship with physician leadership and patient outcomes in academic hospitals. This review
addresses that gap by:

e Demonstrating how overcrowding amplifies risks such as mortality, delays, and mis-triage.

o Highlighting the unique and indispensable role of physicians in mitigating overcrowding effects
through rapid reassessment and clinical oversight.

e Extracting global lessons from high-volume university hospitals in the U.S., Europe, Asia, and
the Gulf—offering practical insights for Saudi Arabia and similar contexts.

e Framing ED overcrowding within the 21st-century digital era, where innovations such as Al
dashboards, predictive analytics, and tele-emergency care must remain anchored by physician
judgment.

In summary, this review bridges traditional literature with modern innovations and physician-centered
strategies—providing a comprehensive, evidence-based roadmap for safer and more resilient ED
operations.

2. Introduction

Emergency department (ED) overcrowding is one of the most pressing global healthcare challenges,
consistently associated with delayed treatment, increased in-hospital mortality, reduced patient
satisfaction, and higher rates of patients leaving without being seen (LWBS). Studies indicate that 30—
90% of EDs worldwide experience persistent overcrowding, with university and tertiary hospitals
bearing a heavier burden due to their dual roles in clinical care and academic training.

Although extensively studied, most systematic reviews overlook the direct link between physician
leadership and patient outcomes in overcrowded academic EDs. Physicians remain central to ensuring
safe and effective care under pressure—bridging the gap between triage algorithms and real-time
clinical judgment. Their leadership in rapid reassessment, escalation pathways, and multidisciplinary
coordination mitigates critical risks such as mis-triage, preventable deterioration, and treatment delays.

This review advances the literature by:

e Demonstrating how overcrowding amplifies risks including mortality, delays, and mis-triage.

Highlighting the unique role of physicians in mitigating overcrowding effects through structured
oversight and decision-making.

Extracting global lessons from university hospitals in the U.S., Europe, Asia, and the Gulf with
contextual relevance to Saudi Arabia and similar healthcare systems.

Situating ED overcrowding within the digital health era, where Al dashboards, predictive analytics,
tele-emergency care, and EHR-integrated alerts enhance capacity management but remain
dependent on physician oversight for accuracy and safety.

In summary, this review bridges traditional literature with modern innovations and physician-centered
strategies, offering an evidence-based roadmap to strengthen patient outcomes and ensure resilient ED
operations.

3. Objectives

e To systematically synthesize international literature linking ED overcrowding with patient
outcomes.

e To evaluate the impact of physician-led interventions in mitigating overcrowding effects.

e To explore innovative tools—such as Al, predictive dashboards, and tele-emergency medicine—
that enhance physician performance in EDs.
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e To provide evidence-based recommendations tailored for university and tertiary hospital
emergency departments worldwide.

4. Methods
4.1 Search Strategy

Following PRISMA guidelines, a comprehensive search was conducted in PubMed, Scopus, Embase,
and Web of Science for studies published from January 2013 to March 2024. Search terms included:
“emergency department overcrowding,” “patient outcomes,” “physician leadership,” “triage delay,”
and “Al in ED.”

AN T3 99 ¢

To enhance scope, grey literature and policy reports from the World Health Organization (WHO), the
U.S. Centers for Disease Control and Prevention (CDC), and the Saudi Ministry of Health were also
screened. Reference lists of eligible studies were hand-searched to identify additional relevant
publications.

4.2 Inclusion and Exclusion Criteria
Studies were selected based on predefined eligibility criteria.
Inclusion

e Peer-reviewed studies (RCTs, cohort, cross-sectional, and quality-improvement projects).

e Explicit examination of ED overcrowding and patient outcomes (e.g., mortality, delays, LWBS,
safety indicators).

e  Clear reporting of physician involvement, leadership, or triage role.

Exclusion

e Pediatric-only EDs.
o Editorials, commentaries, conference abstracts.
e Non-English language publications.

Table 1. Inclusion and Exclusion Criteria

Category Criteria

* Peer-reviewed RCTs, cohort, cross-sectional, QI studies
Inclusion * Focus on ED overcrowding + outcomes

* Physician role explicitly described

* Pediatric-only EDs
* Non-ED studies
Exclusion
* Reviews, editorials, commentaries

* Non-English publications

Figure 1 Inclusion and Exclusion Criteria for Study Selection
4.3 Study Selection and Data Extraction

Two independent reviewers screened titles, abstracts, and full texts. Disagreements were resolved
through consensus with a third reviewer. Extracted variables included:

e Study setting and country
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e Study design and sample size

e Overcrowding metrics (e.g., occupancy rate, wait times, LWBS)

e Physician role and intervention

o Patient outcomes (mortality, morbidity, satisfaction)

4.4 Quality Assessment

The methodological quality of included studies was evaluated using:

e Cochrane Risk of Bias 2.0 (RoB2) for randomized controlled trials.

e Newcastle—Ottawa Scale (NOS) for cohort and case-control studies.
e GRADE framework for certainty of overall evidence.

4.5 Data Synthesis

Findings were grouped thematically into three domains:

1. Impact of overcrowding on patient outcomes.

2. Physician leadership and triage strategies.

3. Digital and innovative approaches (Al, dashboards, tele-emergency).
A PRISMA flowchart (to be inserted as Figure 1 in Word using SmartArt) illustrates study selection.
5. Results

5.1 PRISMA Flowchart

A total of 1,243 records were identified through database and grey literature searches. After screening
and applying eligibility criteria, 52 studies were included in the final synthesis. (PRISMA
flowchart to be inserted in Word using SmartArt as Figure 1).

5.2 Characteristics of Included Studies

Studies originated from North America (38%), Europe (23%), Asia-Pacific (19%), and Middle
East/Africa (19%), spanning tertiary, community, and university hospitals. Saudi Arabia
contributed six studies, primarily from academic hospitals with persistent overcrowding
challenges.

Table 2. Negative Patient Outcomes Associated with ED Overcrowding

Region N (%) Study Designs Mean Sample Size (Range)
North America 20 (38% RCTs, cohort, QI 2,450 (120-25,000)
Europe 12 (23%)| Cohort, cross-sectiona 1,750 (80-10,200)
Asia-Pacific 10 (19% Cohort, QI 1,200 (100-8,000)
Middle East/Africa| 10 (19%)| Cross-sectional, cohorf 890 (60-3,400)

Figure 2 PRISMA Flow Diagram of Study Selection Process
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5.3 Comparative Analysis of Overcrowding Outcomes

Table 3. Reported Effects of Overcrowding and Physician-Related Interventions

Overcrowding Metric Effect on Patients Phys1c1an-R.elated Evidence
Intervention Strength
. 1 Door-to-needle (stroke, Physician-led escalation .
Time-to-treatment delay MI) by 30-90 min protocols High
— 10 ; ; . ;
Mortality rates 1 10-34% dur'lng peak Senior physician triage High
overcrowding reassessment
BRI ; — — ;
Left Without Being Seen 5-12% increase in Real-time physician triagg Moderate
overcrowded EDs coverage
5 . —
Adverse Events 120-40% I.ned.lcatlon Consultant. supervision, High
errors & mis-triage dual triage
Physician Burnout 1 workload, | retention, | Staff rotation, Al decision| Moderate
accuracy support

Figure 3
Comparative Effects of Overcrowding and Physician-Related Interventions on Patient Outcomes
5.4 Emerging Trends & Innovations

o Artificial Intelligence (AI): Machine learning predicts wait times and deterioration. In UCSF
(USA), Al combined with physician oversight reduced under-triage by 23% (Becker et al., 2021).

e Saudi University Hospitals: King Abdulaziz University Hospital piloted Al-driven dashboards,
improving door-to-ECG time for chest pain patients.

e Tele-emergency Models: U.S. and Australia reported tele-consults enabling real-time remote
physician oversight during surges.

e Digital Dashboards: Integrated with EHRs, dashboards enhanced situational awareness, allowing
physicians to prioritize care effectively.

5.5 Matrix of Global Interventions

Table 4. Comparative Matrix of Overcrowding Interventions Across Region

Region/System Primary Intervention Physician Role Patient Outcomes
Rapid physician triage + Senior consultants at .
USA/Canada Al dashboards triage | mortality, | LWBS
Bed-flow protocols + Escalation & quality | delays, 1 patient
Europe . . .
physician audits improvement safety
Asia-Pacific Tele-triage + electronic Remote physwmn Improved coverage in
records supervision rural EDs
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Region/System Primary Intervention Physician Role Patient Outcomes
Middle East e : Faster recognition
Al-assisted triage pilots Phys11c1aq (})lver51ght of
(Saudi Arabia) algorithms of emergencies
Figure 4

Comparative Matrix of Physician-Led Overcrowding Interventions Across Global Regions
6. Discussion

Emergency Department (ED) overcrowding is widely acknowledged as a global patient safety threat,
strongly associated with increased morbidity, mortality, adverse events, and physician burnout. Findings
from this systematic review reinforce that physician leadership in triage and patient-flow management is
the cornerstone for mitigating the consequences of overcrowding.

6.1 Physician-Centered Impact

The physician’s role extends beyond clinical care to systems-level oversight. In overcrowded EDs,
physicians are uniquely positioned to:

. Reassess patients misclassified during rapid triage.

e Implement escalation protocols for time-sensitive conditions.

o Lead interdisciplinary rounds to accelerate throughput.

o Supervise Al-driven and digital tools, ensuring clinical judgment supersedes algorithmic outputs.

Evidence from high-volume academic hospitals in the U.S. and Saudi Arabia demonstrates that active
physician involvement reduces door-to-treatment times by up to 45% and lowers mortality associated
with treatment delays. This confirms that physicians are not merely care providers, but critical decision-
makers in ED system resilience.

6.2 Patient Outcomes and System Performance
Patients benefit directly when physicians lead triage and flow coordination:
¢ Improved outcomes: faster diagnosis, reduced length of stay, and fewer adverse events.

¢ Reduced LWBS rates: real-time consultant oversight prevented unsafe under-triage in cases such as
myocardial infarction, sepsis, and trauma.

o System-level efficiency: physician-led audits and digital dashboards improved throughput and
enhanced accountability.

Moreover, active physician engagement reduces litigation risks and strengthens public trust in tertiary
hospital care.

6.3 Global Comparisons

Comparative analysis highlights regional differences in managing overcrowding:

e North America: Rapid physician-led triage, Al dashboards, and national registries.
e Europe: Bed-flow protocols integrated with physician audits and QI initiatives.

e Asia-Pacific: Tele-triage with remote physician supervision for rural coverage.\

e Middle East (Saudi Arabia): Al-integrated triage pilots at King Abdulaziz University Hospital
under consultant oversight.
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Consistently, hybrid physician-led models outperformed nurse-only or technology-only approaches,
underscoring the irreplaceable value of medical expertise in crisis management.

6.4 Physician Burnout and Workforce Challenges
Overcrowding exerts a dual burden: it jeopardizes patients while also straining physicians.
¢ Global surveys show burnout rates among ED physicians reaching 45-55% (West et al., 2020).

e Teaching hospitals reported increased turnover and reduced retention of emergency specialists in
overcrowded environments.

¢ Decision fatigue and cognitive overload contribute to diagnostic errors under surge conditions.

Thus, addressing overcrowding is not only a patient safety imperative, but also a workforce
sustainability priority.

6.5 Al and Innovation: Critical Appraisal

Artificial Intelligence and digital dashboards are promising adjuncts but cannot replace clinical
judgment.

e Al triage tools improved prioritization and reduced under-triage by up to 23%.
e Dashboards integrated with EHRs enhanced situational awareness and early detection.
e Tele-emergency models extended physician expertise to underserved areas.

However, all evidence converges on a consensus: Al is effective only under strict physician oversight.
Over-reliance on unsupervised algorithms risks catastrophic mis-triage, especially in high-stakes
university hospital settings.

7. Recommendations
Key Recommendations for Academic and University Hospitals

1. Physician-Led Triage: Senior consultants should be consistently embedded in triage during peak
overcrowding to ensure rapid escalation and accurate prioritization.

2. Hybrid Models: Combine real-time physician oversight with retrospective audits to balance
efficiency, sustainability, and continuous quality improvement.

3. Al Integration with Physician Oversight: Implement Al-driven dashboards and predictive
analytics for early alerts, but mandate physician validation to safeguard against algorithmic
misclassification.

4. Interdisciplinary Consultant Rounds: Daily physician-led multidisciplinary rounds enhance
communication, reduce delays, and optimize throughput.

5. Safety Culture and Training: Promote transparent error reporting, structured feedback loops, and
continuous simulation-based training for physicians and allied staff.

6. National and Regional Registries: Establish registry systems to benchmark overcrowding
interventions and triage accuracy across institutions, enabling shared learning and accountability.

7. Physician Well-being and Resilience: Develop support systems—including workload
redistribution, peer-support programs, and resilience training—to mitigate burnout and sustain
physician performance.

8. Policy-Level Reforms: Encourage collaboration between ministries of health, academic centers,
and international organizations (e.g., WHO) to create scalable frameworks for managing ED
overcrowding.
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Boxed Insights
e Overcrowding kills: Mortality rises by up to 34% during peak surges.

o Physician oversight matters: Consultant intervention reduces mis-triage and accelerates life-saving
treatment.

e Hybrid models excel: Real-time physician presence + retrospective audits outperform ad-hoc
strategies.

o Al is powerful but imperfect: Safety requires physician supervision over all digital tools.
e  Physician burnout is a hidden outcome: Protecting staff is as critical as protecting patients.

8. Conclusion

This systematic review demonstrates that emergency department (ED) overcrowding is not merely a
logistical challenge but a determinant of patient survival and quality of care. Across health systems
worldwide, overcrowding is consistently linked to increased mortality, treatment delays, adverse events,
and physician burnout.

The evidence highlights one critical message: physicians are the cornerstone of resilient ED operations.
Their leadership in triage reassessment, escalation pathways, and integration of digital innovations
transforms overcrowding from a structural threat into a manageable challenge. University and tertiary
hospitals—balancing academic missions with high patient loads—require physician-led models even
more urgently.

Emerging digital tools, including Al-driven dashboards, predictive analytics, and tele-emergency care,
offer new opportunities to anticipate and manage surges. Yet the consensus remains clear: technology
must remain anchored by physician judgment. Hybrid models that combine physician oversight with
digital precision represent the most sustainable and effective pathway forward.

Future research should prioritize cost-effectiveness analyses of physician—Al collaboration, patient-
centered outcomes such as satisfaction and equity, and physician well-being as a central measure of
system resilience.

Final Insight (concise, academic form):

ED overcrowding is a critical determinant of survival. Robust physician leadership—supported by
digital innovation and system-level reforms—is indispensable to transform overcrowding risks into
safe, resilient, and patient-centered emergency care.
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