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Abstract

The emergency department (ED) is a critical area of the hospital due to its impact on patient care, overall hospital operations, and performance metrics. However, the global burden on EDs continues to rise, with overcrowding and prolonged boarding driving excessive waiting times, delayed treatments, and poorer outcomes. The three main and interdependent components of ED patient flow are input, throughput, and output. Incorporation of telemedicine solutions into the assessment, analysis, and treatment of ED patients can aid in relieving this burden. However, only sporadic uses of ED telemedicine projects have been published. Health systems should consider a comprehensive telehealth strategy for the entire patient journey and ED operation.

Plain Language Summary

Emergency departments (EDs) face a global overcrowding challenge associated with prolonged length of stay and death rates post-admission. Telemedicine provides a possible solution. Reports highlight specific examples of the use of telemedicine for ED patient assessment, management, and discharge. However, a comprehensive telemedicine strategy addressing all the stages of the patient journey throughout the ED is lacking. Here, the stages of the ED patient journey are reviewed (admission, throughput, and discharge) along with examples of technology and non-technology approaches to address the prevalent problems. A telemedicine component should complement, not replace, the in-person part of a comprehensive ED strategy.
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The emergency department (ED) continues to face an increasing global burden on patients, providers, healthcare administrators, and health systems. The EDs face longstanding and urgent challenges, including rising patient volumes, limited resources, and varying case complexities, which can impact the quality of care, healthcare costs, and clinician burnout.

The use of telemedicine in critically ill patients has had a significant impact over the past 2.5 decades.1 Initially faced with slow adoption, the COVID-19 pandemic sparked the widespread use and demonstrated value of telemedicine in care delivery to critically ill patients.

With hospitals functioning at or near capacity, addressing overcrowding and boarding within the ED has become a focus of attention to improve throughput and operational efficiency. The incorporation of telemedicine within the ED offers a potential solution. Published articles and reviews on the use of telemedicine within the ED have spotlighted promising selected areas of care. The goal of this article is to describe the challenges faced within the ED triage and patient care services and identify where a telemedicine strategy can improve the processes and outcomes for the overcrowded and boarding ED.

Overcrowding

Annual U.S. ED visits decreased in 2020 due to the COVID-19 pandemic, with an estimated 131.3 million visits. Since then, ED visits have progressively increased to 139.8 million (2021) and 155.4 million (2022).2 Defining and quantifying overcrowding is not a simple task. Overcrowding occurs when there is an imbalance between the need for emergency care and the hospital’s availability to provide that care. Hence, overcrowding is a hospital-based issue, not just an ED issue.

The American College of Emergency Physicians defines overcrowding as3:


“a situation that occurs when the identified need for emergency services exceeds available resources for patient care in the ED, hospital, or both.”



Overcrowding has been classified into three distinct but interdependent areas: input, throughput, and output factors.4

Input factors consist of the patient population presenting to the ED, but must also consider patient access not just to the ED but to the hospital as well. Input factors include waiting times, severity, and complexity. In 2021, 81.3% of patients spent between 1 and 10 h waiting in an ED, with 18.3 million patients (13.1%) being admitted to the hospital.5 Previous literature reviews indicate that on average, 37% of ED visits were judged to be non-urgent, with ranges between 8% and 62%.6 The latest data from 2021 indicate 25.6% of patients in the ED are either non-urgent or of unknown triage status (Figure 1).5

Fig. 1.Triage status of Emergency Department visits (2021).
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Throughput factors are internal parameters measured from the time the patient is seen and the ultimate outcome decision (discharge, hospitalization, or transfer). Throughput factors are impacted by the ED staff as well.4

Output factors relate to the disposition of the patient and include boarding, hospital admission, the availability of hospital beds, and transport out of the ED (home care, or other facility). The lack of hospital beds is the main contributor to overcrowding and often leads to boarding. In addition to the lack of hospital beds, boarding might be a factor due to staffing ratios, inefficient transfer/discharge processes, and diagnostic imaging needs.

Boarding

Boarding occurs when a patient is admitted to the hospital and requires care within the ED while awaiting an available bed. There is a lack of an accepted definition for boarding, which makes it difficult to compare results from published studies evaluating the boarding issue.

The American College of Emergency Physicians defines boarding as7:


“a patient who remains in the emergency department after the patient has been admitted or placed into observation status at the facility but has not been transferred to an inpatient or observation unit.”



The time boarding starts is the time the decision is made to admit the patient into observation status. In the interest of patient safety, the Joint Commission recommends that boarding time not exceed 4 h. Published literature suggests the incidence of ED boarding of critically ill patients ranges from 2.1 to 87.6 h, with mean length of boarding stays between 1.3 and 8.8 h.8 Such wide discrepancies are due to the lack of a consistent definition and the heterogeneity of data collection techniques.

Clinically Relevant Outcomes Associated with Overcrowding and Boarding

The most severe impact of overcrowding is mortality. Richardson9 evaluated 736 Australian ED shifts with 34,377 patients during overcrowded shifts and 32,231 patients during non-crowded shifts. There was a statistically significant lower mortality rate (0.42% during overcrowding vs. 0.31% during non-overcrowded periods, p < 0.025) within 10 days of ED presentation in the non-overcrowded group. Guttman et al.10 reported on 125 EDs over 5 years in Ontario, Canada, with over 14.5 million visits, comparing mortality with a mean length of stay less than 1 h or greater than 6 h. The odds ratio of death was higher in the greater than 6-h stay group compared to the less than 1-h stay group (1.79 (95% CI 1.25–2.59) for high-acuity patients and 1.71 (95% CI 1.25–2.35) for low-acuity patients). Overcrowding also increases the hazard ratio for 30-day hospital mortality in 34 pediatric EDs reported in Korea (1.23, 95% CI 1.019–1.558).11 Overcrowding has also been reported to worsen additional metrics, including waiting times, length of stay, adverse cardiac events, delayed diagnostic times, initiation of therapy, and patient dissatisfaction.4

Clinical outcomes related to boarding times are difficult to compare, as there is a lack of consistent boarding time thresholds evaluated. Chalfin et al.12 and Agustin et al.13 each used a 6-h boarding time. The former found a statistically significant greater intensive care unit (ICU) (8.4% when < 6 h vs. 10.7% when > 6 h, p < 0.01) and hospital (12.9% when < 6 h. vs. 17.4% when > 6 h, p < 0.001) mortality rate with longer boarding times, whereas the latter did not find a significant difference in sepsis patients (22.63% vs. 24.67%, p = 0.68). Using a 12-h boarding window, Singer et al.14 reported a statistically significantly higher hospital mortality rate (2.5% vs. 4.5%, p < 0.001) and length of stay (5.6% vs. 8.7%, p < 0.001) in short-boarding versus long-boarding patients. Cardoso et al.15 compared hospital mortality from 125 immediately ED-admitted patients to 276 delayed-admission ED patients. Delayed is defined as between 2 and 24 h without a defined boarding threshold time. The ICU mortality rates increased with any delay in ICU admission. Each hour of delay was associated with a 1.5% increased risk of ICU mortality. In addition, each hourly delay was associated with a 1.0% increase in in-hospital mortality. The ED boarding also affects other hospital operations such as nursing, pharmacy, laboratory, radiology, and staff satisfaction.8

The financial impact of ED boarding is often discussed but rarely evaluated. One recent evaluation by Canellas et al.16 demonstrates a higher amount of staff time devoted to the boarded patient as well as the total daily cost of care. For patients with acute stroke, daily boarding costs were $1,856 compared to $993 for inpatient costs and $2,267 versus $2,165 for ICU care.

The Role of Telemedicine in the Emergency Department

Telemedicine is the practice of leveraging technology to provide remote care between a patient and one or more healthcare professionals. Even before the COVID-19 pandemic, telemedicine was providing care remotely to hospitalized patients.1 During the COVID-19 pandemic, telemedicine became a tool to minimize the spread of the virus by providing remote care at home. For the ED, this meant avoiding physical presence in the ED. Although challenges remain, we can now provide telecare to patients virtually in any setting with broadband access and within any discipline.

Emergency care needs to be re-imagined.16 By leveraging telemedicine to direct the patient to the location that best serves their needs, the health system can potentially optimize the input, throughput, and output factors impacting the crisis currently faced in the ED. Although sporadic solutions appear within the published ED literature, to date, there is a lack of an overarching strategy addressing all factors identified above.

The Role of Telemedicine on Input (Table 1)

As described above, input focuses on the patients presenting to the ED. There are three broad categories of input patients: (1) patients needing emergency care, (2) unscheduled patients needing nonemergency care, and (3) safety net care. Changing the input factor will decrease unscheduled non-emergent and safety net care and allow the true purpose of the ED to serve those patients needing emergent care. The net result will be decreased overcrowding, decreased wait times, and decreased number of patients who leave without being seen.


Table 1.ED Options to address overcrowding and boarding


	Input
	Throughput
	Output





	

	Real Time Virtual Care with EMS

	Non-ED Clinical Destinations

	Synchronous Virtual Care ED Provider with EMS

	EMS with Onsite Provider

	Artificial Intelligence:

	Identify & predict future outcomes

	Used in clinical decision making

	Improved data capture

	Predict probability of readmission risk




	Bed Management - send patient to site with best bed availability

	Electronic Data Board

	Make non-urgent appointments during “off-peak” hours

	Patient Insurance Considerations




	

	Patient Flow Models:

	Rapid Medical Evaluation

	Fast Track

	Split Flow




	Artificial Intelligence Predicting Hourly Patient Loads with Shift Optimization

	Remote Tele-Input Program

	Continuous Synchronous Care

	ICU Based ED Care

	Proactive Bed Management




	

	Reverse Triage

	AI Predictive Models of Discharge

	Elective Surgery Scheduling

	Change Discharge Times

	Discharge Lounges

	Bed Management

	Artificial Intelligence Predicting Return ED Visits

	Discharge Risk Score

	Virtual Care Tele-consult Within 24 Hours of Discharge









Improving input, therefore, should focus on tele-triage. The end goal is to determine if the patient is unlikely to need an ED visit, needs additional evaluations before deciding the most appropriate site of care, or is highly likely to need an in-person ED visit.

The implementation of real-time virtual care with Emergency Medical Services (EMS) personnel on site, along with a well-defined protocol, resulted in a drop in ambulance disposition to the ED from 74% to 18% (p < 0.001) with a quicker time for the EMS team to return to service.17 The ED alternative programs where patients are taken by EMS to clinic-based destinations in lieu of the ED reported decreases in ED use, increases in community clinic use, decreased waiting times, reduced overcrowding, and improved patient satisfaction.18,19 A synchronous virtual care visit with ED providers without EMS before the patient leaving home resulted in a 64.2% drop in acute care visits.20

Kowark et al.21 randomized 3,500 patients to compare the outcome of a virtual care ED physician providing real-time remote aid to EMS personnel in the home to EMS personnel with an ED physician physically within the home. The virtual care program was non-inferior to the in-person EMS/ED physician team onsite on four pre-determined outcomes.

Artificial Intelligence (AI) is increasingly being incorporated into healthcare with diagnostic, therapeutic, and/or predictive models. One potential benefit of AI is the speed with which it can produce results. This is especially relevant within the ED, where rapid interpretation of clinical data can play a large role. For the past 15 years, AI algorithms have been evaluated for their ability to improve triage decisions as an admission prediction tool, which can aid in decreasing overcrowding, identifying and predicting future outcomes, aiding clinical decision-making to reduce decision-making variations, improving healthcare delivery, improving resource allocation, and enhancing efficiency.22

Greenbaum et al.23 used a machine learning ontology interface to demonstrate an improved data capture of chief complaints within the ED from over 279,000 patient encounters. The system provided higher overall quality (p = 0.0002) and reduced the number of annual typing hours for nurses from 92.5 to 4.8 h.

Numerous studies have evaluated various AI methodologies to predict the probability of ED admission risk. Studies have variances in design (retrospective vs. prospective), differing data sources, and the model description only versus model development plus validation data.24 These studies consistently demonstrate a strong ability to triage ED admissions with area under the receiver operating curves (AUCROC) between 0.80 and 0.89 (Table 2). Although these predictive triage models hold promise, the variability in study design, coupled with limited external validations, warrants further evaluation. Recently, Brossard et al.25 tested four different predictive algorithms across two French hospitals. Retrospectively, their models accurately predicted ED admissions on an hour-by-hour basis, prompting them to move to a prospective evaluation.


Table 2.Artificial Intelligence predicting ED admissions


	Author, Year
	Number of Patients
	AUCROC
	Comments





	Cameron26, 2015
Retrospective
	322,846
	0.877
	

	Positive admission/discharge discrimination with score.

	Higher scores also predicted early returns after discharge.







	Levin27, 2018
Retrospective
	172,276
	0.73 – 0.92
	

	Score more accurately classifies higher level of ED triage cases, highlighting further opportunities.







	Hong28, 2018
Retrospective
	560,486
	0.87 – 0.92
	

	4 different scores, with each testing patient history data (0.87) and Full data sets (0.92).







	Cusido29, 2022
Retrospective
	1,805,096
	0.894
	

	AUCROC ranged from 0.87 in pediatrics to 0.891 in adults.

	Data at ED arrival can predict hospital admissions.







	Akhlaghi30, 2024
Prospective
	77,125
	0.80
	

	Used natural language processing to predict ED early identification of patients requiring admission.







	AUCROC: area under the receiver operating curves, ED: Emergency Department.





Several approaches leveraging virtual care can be considered for the input factor (Figure 2). These include:

Fig. 2.The patient journey—ED input. E-Consult: electronic consultation, ED: emergency department, EMS: Emergency Medical Service, E-visit: electronic visit, PCP: primary care physician, Rx: prescription.
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Asynchronous alternatives

Based on patient-collected symptom-specific responses, the system would advise the patient on the recommended level of care. Examples include AI-driven or live provider chatbots, text message platforms, e-visits, web-based apps, and strategically located kiosks (outside ED lobbies, medical buildings, libraries, etc.).

Synchronous alternatives

Live virtual care audio-video visits between the patient and provider in different locations. Examples include EMS care on-site or en route and remote centralized virtual ED team.

Special consideration abilities

EMS programs should have physician oversight as well as adequate education on protocols and a strong quality management system.

Referral to expedited diagnostic testing (imaging, labs, etc.) in outpatient facilities, urgent care centers, or hospitals. The patient can walk in, receive a test, and walk out with a follow-up, virtually.

Referral to primary care provider, specialist, or home visit with or without virtual care

This option facilitates the specific ED the patient is sent to based on illness acuity, ED and hospital census, and proximity.

Other factors

These include electronic board patient tracking and the ability to make ED appointments at “off-peak” hours. Patient insurance registration and evaluation of coverage at the time of tele-triage.

The Role of Telemedicine on Throughput (Table 1)

Throughput processes begin once the patient arrives in the ED. The major goals are to expedite evaluation and triage, improve the operational efficiency of testing, obtain additional consults, initiate treatments, and decrease walk-out-without-being-seen rates.

Two major themes emerge within the throughput model: patient flow and delivery of care, as well.

Patient flow models focus on innovative strategies designed to improve patient flow, staffing resources during peak patient load periods, advanced treatment protocols, and overall bed management techniques.

Commonly used patient flow models include Rapid Medical Evaluation, Fast Track Model, and the Split Flow Model. These models can work independently or together within the same ED. All three models have an initial triage component. Differences between the models include the care needed, patient acuity, physical location of care provided, and staffing model (Table 3).


Table 3.ED patient flow models


	Model
	After Triage
	Patient Acuity
	Physical Location
	Care
	Staffing





	Rapid Medical Evaluation
	Early provider contact
	Low
	Small space near triage
	Quickly determine disposition
	

	Minimal - Provider + nurse

	Very fast disposition







	Fast Track
	Sent to separate care area
	Low
	Designated minor care area
	Full treatment of minor conditions
	

	More robust

	Fast but through disposition







	Split Flow
	Patients streamed into multiple tracks
	All levels based on complexity
	Multiple zones in ED
	Varies by complexity
	

	Staff & disposition varies based on care needs







	ED: Emergency Department.





The evaluation of these models focuses on operational improvements in patient flow, length of stay, the number left without being seen, and time from door to care. The impact of these models on patient outcomes is difficult to measure, primarily due to the lack of a control group.31 Patient flow models do indicate improved operational efficiency in decreasing door-to-bed times, door-to-doctor times, decreased length of stay, decreased inpatients leaving without being seen, ED revisits, and earlier initiation of diagnostic tests (Table 4).31–36


Table 4.ED patient flow model results


	Author (Year)
	Total # Patients
	Approach
	Results





	Gomez (2022)31

	21,570
	Split flow based on patient severity vs traditional patient flow
	Split flow decreased average time to disposition by 14.4 minutes. Decreased admission rates by 5.9%



	Joseph (2013)32

	162,901
	Baseline vs Fast track & Rapid Medical vs Post-Split flow
	Decreased door to bed: 94.2 min baseline; 86.2 min Fast & Rapid; 52.1 split flow w increased ED volumes



	Batt (2017)33

	140,000
	Early tasks - diagnostics test within triage
	Decreased treatment times by 20 minutes



	Burstrum (2012)34

	147,579
	ED MD s RN/MD vs Junior MD triage
	ED MD triage resulted in lower length of stay; unscheduled returns and 7 day mortality



	Russ (2010)35

	66,409
	MD orders in triage
	Decreased ED stay by 37 minutes



	Traub (2016)36

	47,626
	Rotational patient assigned to MD based on algorithm vs traditional
	Rotational assignment decreased: LOS (232 vs 207 mins); arrival to provider (39 vs 22 min); LWBS 0.73 vs 0.36%. All values statistically significant



	LOS: length of stay, MD: medical doctor, RN: registered nurse.





Accurate ED modeling, forecasting, and adjustments to staff workloads can effectively manage overcrowding and boarding by aligning available resources with peak patient times. Most studies predict ED overcrowding using retrospective data, with deteriorating model performance after 4 h.37–39 Machine learning algorithms have started to address patient forecasting. A recent deep learning AI model has been compared to several other machine learning algorithms. This AI model predicted hourly patient forecasts with greater accuracy than other models, resulting in shift-optimizing modifications to 69 of 84 ED shifts.40

Advanced triage protocols (ATPs) are pre-developed, evidence-based, standardized approaches targeting a specific therapeutic topic to be initiated before a physician evaluation.41 If test results are available at the time of the physician encounter, a reduction in the time the patient remains in the ED can be attained. Results reported with the use of ATPs include reductions in: ED length of stay, treatment times, and time to disposition after implementation.42 A recent meta-analysis on ATPs indicates that the majority are evaluating the initiation of X-ray tests via a triage nurse.41 Diagnostic test ordering (blood, urine, electrocardiogram) was only reported in 2 of 14 studies. Overall, ATPs were a cost-efficient way to decrease ED length of stay by 37 min within randomized controlled trials and 51 min in non-randomized controlled trials.43 ATP studies do not demonstrate an increased number of tests ordered; however, they do not address the percentage of clinically irrelevant tests ordered or additional diagnostic workups in cases where the ATP was insufficient.

Telemedicine programs are also proposed as a way to impact the ED throughput process by not only focusing on the triage approaches and treatment protocols outlined above but also by providing direct patient care. Collaboration between bedside and remote teams in ATPs on clinical pathways as well as laboratory result assessments and communications can aid the process.

Joshi et al.44 evaluated a tele-input program on the number of patients who left without being seen (LWBS) and other parameters used to measure ED effectiveness. An off-site ED physician provider had tele-intake responsibilities 7 h per day (11:00 am to 6:00 pm), 7 days a week. All ED patients were placed in a queue for the remote physician for evaluation and input of appropriate orders. On-site staff would then continue the care of the patient. Disposition times were based on the time the patient left the ED. Measured parameters included: door-to-door provider; door-to-discharge, and ED length of stay for all patients. The LWBS was defined as not seeing an on-site or tele-intake provider. Left without treatment complete (LWTC) referred to patients leaving after seeing a tele-intake provider but before the on-site provider. Left against medical advice (AMA) was defined as a patient who was seen by both tele-intake and on-site provider but left before completion of the evaluation. Left without treatment (LWOT) = LWBS + LWTC + AMA. Patient demographics 6 months before and after the study were similar. The primary endpoint findings are depicted in Table 3. Although LWBS improved, LWTC worsened, and AMA was unchanged. This resulted in no change to LWOT as well. Tele-Input by a remote provider is effective in improving the number of LWBS patients, which is an important ED effectiveness measure (Table 5).


Table 5.Tele-intake primary endpoints44



	Metric
	Pre Tele-Intake
	Post Tele-Intake
	P Value





	Left Without Being Seen (LWBS)
	2.3%
	1.69%
	< 0.001



	Left Without Treatment Complete (LWTC)
	0.59%
	1.1%
	< 0.01



	Left Against Medical Advice (AMA)
	1.4%
	1.6%
	N.S.



	Left Without Treatment (LWOT)
	4.3%
	4.4%
	N.S.



	N.S: Non Significant, AMA: against medical advice, LWBS: left without being seen, LWOT: left without treatment, LWTC: left without treatment complete.





Continuous synchronous care of the ED patient by a centralized remote team has only recently been addressed.45 Over 4 months, patients to be admitted to the medical ICU but boarded within the ED for at least 2 h were monitored and managed collaboratively between the remote tele-ICU intensivist and the critical care and ED teams. Of the 314 patients to be admitted to the ICU, 214 were boarded, with 115 entered into the tele-ICU monitoring group. The major outcomes were: a) raw and adjusted in-hospital mortality was significantly reduced with the addition of tele-ICU care (mortality 5.4% with tele-ICU vs. 20% without; adjusted odds ratio 0.08, p < 0.01); and b) when transferred to an in-patient bed, 41 (36%) patients went to a less intensive level of care than the ICU compared to zero patients without tele-ICU oversight.

Another alternative is to have an ICU based in the ED.46 Care is provided by a multidisciplinary critical care team within the ED pending the availability of an inpatient bed, after initial stabilization by the ED team. This model reported a mean daily census of 6.9 ED-ICU patients, with 6,200 patients treated. Risk-adjusted findings with the ED-based ICU were statistically significant reductions in: (a) 30-day mortality (2.13% pre-ED ICU care to 1.83% post-ED ICU care, p < 0.001), and (b) ED to ICU admissions (3.2% pre-ED ICU care to 2.7% post-ED ICU care).

Additional potential value adds of a specified care team for acutely ill ED boarders include47 early recognition of clinical deterioration, identifying differences from various clinical reports on the nature and level of patient acuity, limited critical care training for floor/ED clinicians, differences in workflows between ICU/ED/Floor, a “second” set of eyes for patient monitoring, guidance at bedside on critical care interventions, and coordinating triage and transfers.

Proactive bed management with triage decisions for patients to be admitted from the ED, as well as facilitating their transfer to the appropriate level of care via bed management rounds twice daily, has resulted in reduced time to transfer by 99 ± 14 min (353 min control group to 254 min active bed management, p < 0.0001).8,48 Proactive bed management should also contribute to quantifying real-time boarding severity, system-wide view, visualizing trends over time, hospital occupancy and capacity, easy accessibility to all team members, interpretability, operational and quality improvement metrics, easy stratification by patient types, age, severity, and length of ED stay, and prediction of peak times.

Inclusion of a proactive bed management program via a transfer center for a health system has been shown to improve clinical and financial outcomes.49

The Role of Telemedicine in Output (Table 1)

The ability of the ED to place admitted patients into an inpatient bed is consistently a universal and global problem. The movement of patients out of the ED is considered an output issue. The greatest among output factors are the availability of beds and delayed transportation of patients (internally and externally) to free up beds. Factors contributing to bed availability and delayed transportation include3: inpatient occupancy, bed shortage, staffing ratios, inefficiencies in the transfer and discharge of patients, and a lack of home support for care.

The goal to improve output is to quickly make inpatient beds available by early discharge of stable inpatients to make room for priority ED patients with urgent needs.

Reverse triage is a process to identify stable patients who no longer need inpatient treatment and who can be discharged without undue risk.50 Discharge locations could include patients’ homes, nursing homes, hospices, and rehabilitation centers. Based on limited data, investigators have suggested that 10% to 20% of bed capacity can become available within 6 h. The full impact of reverse triage occurs at 24 to 48 h.51 Combining reverse triage with a telemedicine follow-up allows for the continuum of care to ensure patients remain stable outside the hospital.52

ED hospitalizations are generally considered uncontrollable; however, predictive models have been developed that could be used to aid in scheduling elective surgery cases and bed management.53 Most elective surgical admissions occur at the beginning of each week and can adversely impact output. Spreading elective admissions evenly over the week can improve hospital bed capacity and hospital revenue, with fewer cancellations and reduced costs.52,54 However, this approach would require changing surgical practices to accommodate the wider distribution of surgeries over the full week, changing to outpatient clinic hours, and post-surgical inpatient rounds.

Changes in discharge timings can impact ED boarding rates. Powell et al.55 demonstrated that shifting discharge time to 4 h earlier eliminated ED boarding; in addition, discharging 75% of patients by noon decreased boarding time to 3 h. Other studies over the past 10 years have produced mixed results, with either improved clinical metrics (length of stay, readmission rates, and mortality) or early discharge occurring without an impact on quality metrics.56

Other possible changes to discharge time include moving peak discharge time to precede peak admission time based on data analysis, and increasing planned weekend discharges.

Discharge lounges are designated areas where patients who are medically ready for discharge can wait for final arrangements such as transportation, discharge instructions, or prescriptions. These comfortable, non-clinical areas free up the clinical areas within EDs and are staffed with nurses and support staff.57 Discharge lounges have been reported to increase the percentage of discharges before noon by approximately 8% (from 33.4% to 41.5%), and discharge time for discharge lounge patients decreased from 2 h and 16 min to 1 h and 23 min (p = 0.008).58

Bed management (also referred to as bed assignment information systems) collects and displays various parameters and situations of all beds within a ward, hospital, or system scheduled for discharge. Historically completed manually, leveraging technology to develop these systems can improve the efficiency of bed arrangements. These systems solve the problem of bed supply and demand, including the functions of bed cleaning needs and feedback once achieved.59 Bed management systems can decrease ED length of stay, hold time, hospital mortality, and improve patient satisfaction.48,60,61

Unscheduled return ED visits (URV) increase healthcare costs, contribute to overcrowding, and increase wait times within the ED. The pursuit of an accurate predictive model for URV has been ongoing for over two decades. Numerous factors contribute to a URV, which limits the utility of conventional models. However, newer machine learning models can accommodate a large range of complex predictors and have recently been reviewed.62 The most common models used with a 72-h URV evaluation were a logistic regression (median Area Under the Receiver Operating Characteristic [AUROC 0.72]) and eXtreme Gradient Boosting (XGB, median AUROC 0.73). Of the four studies evaluating 30-day URV, the median AUROC was 0.79. The results of these studies demonstrate the difficulty of the predictive accuracy of URV, with few exceeding an AUROC above 0.75.

Using a more complex model, Sung et al.63 were able to achieve a more favorable AUROC of 0.82 72-h AUROC compared to other commonly used machine learning models. However, the sensitivity remained relatively low at 0.45.

The development and validation of a discharge risk score predicting the likelihood of return at the time of ED discharge have recently been described.64 Five parameters scored at the time of discharge with a total range of zero to seven produced five discharge severity categories (Table 6).


Table 6.Discharge Severity Index (DSI) score


	DSI Component
	Threshold
	# Points





	Age (Yrs)
	> 65
	1



	Active Medications (Rx only)
	> 5
	2



	Heart Rate (bpm) At discharge
	> 100
	1



	Oxygen Saturation (%) At discharge
	< 96
	1



	ED time Triage to discharge (hrs)
	> 3
	2



	AUROC: Area Under the Receiver Operating Characteristic, bpm: beats per minute, DSI: Discharge Severity Index, hrs: hours, Rx: prescription, Yrs: years.





The DSI with the greatest points was DSI 1, least points were DSI 5. A statistically significant increase in the odds ratio of revisit and readmission was found as the severity index worsened (Table 7).


Table 7.Discharge Severity Index (DSI) Results (Validation Group)


	DSI Category
	DSI Score
	Odds Ratio of Revisit
	% Patients
	% Revisit





	5
	0
	Reference
	0.42
	0



	4
	1-2
	3.49
	11.33
	0.51



	3
	3-4
	8.44
	63.33
	1.93



	2
	5
	11.65
	23.02
	2.32



	1
	> 5
	14.63
	1.85
	2.43



	All DSI P values < 0.01 compared to reference AUROC 0.64
AUROC DSI: Discharge Severity Index, DSI: Discharge Severity Index.





AUROC: DSI: Discharge Severity Index

The DSI may help guide clinicians to provide closer follow-up post-discharge to the higher DSI risk groups (DSI 1 and 2). Further research on this tool is necessary to establish that it consistently applies to various patient populations. Especially as the authors point out, there was a 45% data exclusion rate. In addition, it is not clear what specific actions should be taken in the higher risk groups. Finally, the model may need to be further delineated as over 60% of patients were in the DSI 3 group.

Conducting a virtual teleconsultation in ED patients within 24 h of discharge with minor problems without need for hospitalization but who typically stay in an observation bed has been reported.65 Adding a virtual teleconsultation component decreased the time the ED was categorized as “Busy” by 129 h and as “Overcrowded” by 19 h (p < 0.001). However, patients in the teleconsultation group had longer ED wait times.

Special Groups

Rural healthcare

Limited access to healthcare is a major difference between rural and urban centers. The challenges faced in rural ED care stem from a lack of resources to justify investments in a full range of services. The time needed to travel the long distances involved to reach rural centers can delay time-critical treatments. A timely emergency telehealth service can mitigate the workforce and distance issues.

Rural telehealth ED studies have varying methodologies, clinical areas of evaluation, and markers of success. Favorable outcomes from rural ED telehealth programs are dependent on the patient’s acuity level and comorbidities. If the patient will remain at the rural site, there must be sufficient resources and infrastructure to address the increased medical needs of these patients. In a small retrospective trial evaluating telemedicine in rural Japan during the COVID-19 pandemic, ambulance calls to the telehealth center resulted in appropriate transfers, with the shorter duration of online consultation for patients transferred versus those not requiring transfer.66

Length of ED stay (LOS) outcomes need to be assessed from two different viewpoints. Telehealth services may decrease LOS based on improved accuracy of triage, prompt decision-making, and timely interventions.67–69 An increase in LOS may reflect the telehealth program managing patients in place locally without the need for transfer.70

Speed of care is no different with the use of telehealth in rural and remote EDs for stroke (door-to-image time, door-to-needle time).70 Studies evaluating patient disposition from rural and remote EDs with the use of telehealth showed improvements in patient disposition, hospital admission, rate of ED discharge, and appropriateness of transfer in mental health, pediatric, and minor injury patients.70 Transfer rates were greater in higher acuity patients.71 Patients who are not transferred are either admitted to the rural/remote setting or discharged home. The implementation of a telehealth emergency medical specialist results in a higher rate of local admissions.72 The variability in patient transfers, discharges, and admissions is reflected by patient acuity.

The clinical effectiveness of rural ED telemedicine programs has been reported to be similar to or improved over non-telemedicine standard care delivery.72 Comparative clinical effectiveness endpoints reported have included diagnosis accuracy; treatment appropriateness; mortality at—in-hospital, 3 months, and 6 months, treatment complication development; and consult quality.72

Behavioral Healthcare

Since the pandemic, behavioral health has been a dominant use case for telehealth. Telepsychiatry has been used for various conditions, including suicide attempts, schizophrenia, substance abuse, and various mental health conditions, for individuals and groups of rural and urban patients.73

The average LOS for ED psychiatric emergency patients has been reported to be up to 2 days, with 40% of EDs reporting a wait time of at least 12 h.74,75 However, others have not found a statistically significant difference between ED psychiatric and general emergency patients.76,77 The most common causes for the long wait times include limited psychiatric beds, the psychiatric evaluation process, a shortage of mental health professionals, and insurance barriers.

Various published studies have evaluated the prevalence, reliability, acceptability, and impact of telepsychiatry ED services. Telepsychiatry ED services provide previously unavailable access to patients and management by mental health professionals in rural areas.78 Behavioral health patients were seen quicker via telehealth than in person (p < 0.001); however, total ED length of stay was longer in the telehealth group (p < 0.001).79 Most studies report a lower inpatient admission rate with ED telepsychiatry care versus in-person care.73,79 Of patients admitted, there is a higher likelihood of ED telepsychiatry service admissions to a psychiatric bed versus a medical-surgical bed.80

Patients with behavioral health issues need a system that provides coordinated, easily accessible care with smooth transitions between hospital and community settings. The ED is typically the starting point and requires partnerships with providers and community services. Telehealth plays a role in bridging the gap that currently exists.

Conclusion

The ED overcrowding and boarding are at crisis levels on a global level and are associated with increased adverse outcomes, quality, safety, mortality, and financial consequences. These ED problems are essentially a problem of patient flow throughout the entire system, as systems struggle to match capacity with demand. The three main factors contributing to the current ED situation are: input factors—external events beyond the ED, such as the healthcare needs of the community, an aging population, increasing patient acuity, and seasonal changes. Throughput factors—ED internal processes impacting length of stay, such as consultations, diagnostic testing, and inadequate staffing. Output factors—bottlenecks due to bed shortage or delays in transferring patients. For solutions to these problems, we must look far beyond the walls of the ED.

Telemedicine solutions have rapidly evolved since the onset of the COVID-19 pandemic. The current trajectory of telemedicine addressing healthcare priorities will continue to persist long into the future and become a common mode of healthcare delivery. Although telemedicine offers significant potential for clinically focused solutions, useful implementation into clinical workflows is limited and challenging.

The use of telemedicine within the ED has evolved to address the common problems of overcrowding and boarding issues. Telehealth platforms have been reported to benefit all three phases of ED patient care specifically: input, throughput, and output. It is of benefit in areas with a lack of specific specialists (urban and/or rural). Although various technological and regulatory challenges remain, telemedicine within the ED is reshaping care delivery. However, telemedicine within the ED environment has yet to benefit from a cohesive, overarching telehealth strategy. Current ED telehealth examples consist of a limited focus on one particular area without a comprehensive strategy across the phases of ED care. Regulatory, reimbursement, and clinical challenges remain in effectively incorporating telemedicine within the ED care model. Despite these challenges, ED clinicians and administrators should address ED telehealth as a comprehensive strategic initiative coupled with continued innovation.
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