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Conceptual Model of Flow in ED 

Input Throughput Output 
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Source: Mike Hill, MD 

Putting the patient in the middle …. 
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   “Hard to define, but I know it when I see it”   

Crowding  and Boarding . …. 



“debated, unclear and variable” 

“the process of holding patients in the ED for extended 
periods of time” 

“the prolonged wait for an inpatient hospital bed after ED 
treatment” 

Crowding 

Boarding 

Access Block 
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Over-crowding has led to an increase in boarding (the practice of 

treating patients in the ER hallways)…. 

Causes of ED over-crowding 

1.Input Factors: What brings patients 

into the ED  

2.Throughput Factors: Bottlenecks 

within the ED 

3.Output Factors: Obstacles outside the 

ED  

Generally agreed that boarding is the major culprit in ED 

overcrowding 



Principali cause di sovraffollamento 

INPUT THROUGHPUT OUTPUT 
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Adverse Outcomes 

• Patient Mortality 

 

Reduced Quality 

• Transport Delays 

• Treatment Delays 

 

Impaired Access 

• Ambulance Diversion 

• Patient Elopement 

 

Provider Losses 

• Financial Effects 

 

Implication for team 

• Verbal or physical assault 

• Impaired gratification 

• Burn-out  

 

Effects of Crowding & Boarding 



Negative Effects of Crowding & Boarding 

Hip # Pain - Hwang 2006 (VOL) 

Hip # Surg - Richardson 2009 (BT) 

ABx Pneumonia - Fee 2007 (VOL) 

ACS Chest Pain - Pines 2009 (OCC) 

NSTEMI - Diercks 2007 (LOS) 

High Acuity - McCarthy 2009 

Abdo Pain - Mills 2009 

Pain Tx - Pines 2008 

Lytics - Schull 2004 (DIV) 

Mortality 

 

 

 

Wait Times 

Medical Errors 

 

 

 

“Changes to ED structure and function do not address the 

underlying causes or major adverse effects of overcrowding… 

Richardson, Med J Aust 2006  [these] lie outside the ED 
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ED =emergency department. Boarders =patients waiting for an inpatient bed. Outliers=patients 

unable to be admitted to the “correct” ward (eg, medical patients on surgical wards). 

Peter C Sprivulis, Julie-Ann Da Silva, Ian G Jacobs, Amanda RL Frazer and George A Jelinek The association between hospital overcrowding and 

mortality among patients admitted via Western Australian emergency departments; MJA 2006; 184: 208–212 



• Increased door-to-needle times for patients with suspected acute 

myocardial infarction (Schull et. al. 2004) 

• Lower likelihood of patients with community-acquired pneumonia to 

receive timely antibiotic therapy (Fee et. al. 2007, Pines et. al. 2007) 

• Poor pain management (Hwang et. al. 2008) 

• Increased mortality (Richardson et. al. 2006, Sprivulis et. al. 2006) 

• Lower patient and staff satisfaction (Boudreaux 2004, Richards, 2000) 

• High occupancy was estimated to cause 13 deaths per year.  

ED Boarding is one of the largest factors slowing a patients stay in 

the Emergency Department.  

Negative Effects of Crowding & Boarding 



ED Process Bottlenecks 



Admission criteria not utilized consistently 

ICU  

Tele/step down units 

Complex admission process utilizing multiple systems 

Silos in patient movement 

Overlap of responsibilities 

No clear expectations and authority 

Top Barriers to Inpatient Assessment 
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1. Reduced Request / Supply ratio 

2. Real Time Metric Measurements 

3. Staff by Demand by Forecasting Flux Models 

4. Redesigning of Intake Process  

5. Streamline ED Ordering 

6. Quality Improvement 

7. Discharge Slotting 

 

Solutions … 



Derlet RW, Ann Emerg Med 1995 

1.Reduced Request / Supply Ratio 



Source: The Abaris Group, 2005

Bed to MD =

5 min.

Arrival to Triage = 

5 min.

Triage Time = 

5 min.

Rad Result to Dispo 

Decision = 

10 min.

Ideal Time

Arrival to Discharge

90 percent < = 2 Hours

____________________

Includes 10 minutes MD time 

with patient

Ideal Throughput Model - All Patients

Radiology = 

30 min.

Lab Time =

40 min.

Dispo Decision to 

Discharge = 

10 min.

Lab Result to Dispo 

Decision = 

10 min.

Triage to Bed = 

5 min.

Intake 20 

min/17% 

DC Home 10 

min/8% 

Admit 60 

min/33% 

Treatment Phase 

90 min/75% 

2.Real Time Metrics Measurement 



3. Forecasting Flux Models: Staff by Demand 
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1. Rapid Medical Evaluation (RME) 

2. All universal rooms (nearly there) 

3. Direct to bed – “Pull until Full” 

Development of a Rapid Medical Treatment product line 

In-depth study of LAB / RAD. utilization process  

Point-of-Care/Stat LAB 

Re-align staff and skill set around demand and skill needs 

1. Clinical Decision Unit (CDU) 

2. Rapid Admission Unit (RAU) 

3. Discharge Lounge (DL) 

 

4. Redesigning of Intake Process  

 



5. Streamline ED Intake & Ordering 





100% of the Care…10% of the Experience 

Find Park Enter Orient Exit    See  Register Walk Wait Treatment Queue Orient Walk 

Facility Factors Influencing The Patient Experience 

 Visibility  Amenities  Convenience  Privacy  Distance 

 Image  Color  Sound  Comfort  Wayfinding 

  Access  Texture  Light  Peace  Dignity 

 Parking  Environment  Nature  Ceremony   Security 

Today 

Find Park Enter Orient Exit See Treatment Orient Walk 

Tomorrow 

5. Streamline ED Intake & Ordering 



6. Quality Improvement 
Applying systems engineering principles in improving  health care 

delivery.  Kopach-Konrad, J Gen Intern Med 2007. 



Improvement in ED 

throughput produces at 

least: 

10% = 5 beds 

15% = 10 beds 

20% = 15 beds 

Emergency Department Bed Need at Various Lengths of Stay
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abarisgroup.com 

6. Quality Improvement 



In Direct Control   Out of Direct Control 

   Speed      ED Factors    

   Service Use (DI, Lab, Consult)    Services Themselves 

   Teaching     Output    

         

6. Quality Improvement 



Identifies up to a 40% capacity waste 

Decreases length of stay by ½ day 

Promotes nursing to manage their shift more efficiently 

Less bottlenecks reducing capacity-waste by 10-15% 

Discharges can be synchronized to the admission process. 

Admits linked to the planned discharges based on a master 

schedule  

Improves effective management of ancillary resources, i.e. 

housekeeping 

 

7. Discharge Slotting 



1. Inquadramento clinico iniziale con eventuale trattamento precoce dei 

soggetti con indicazione ad un percorso in emergenza (COD rossi) 

2. Valutare per eventuale presa in carico i soggetti a rischio di 

compromissione rapida delle funzioni vitali (COD Gialli) 

3. Inquadramento dei soggetti con urgenze differibili (COD verdi) destinati 

alla sala d’attesa con possibilità di facilitazione dei percorsi diagnostici. 

4. Prestazione definitiva nei soggetti a bassa complessità (COD bianchi) 

Un Nuovo Piano Operativo al DEA di Forlì 

L’attività di un Team (Medico Coordinatore + Infermiere In Area triage) 

con il compito di: 
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Pitts SR. Ann Emerg Med 2012;60:679-686 
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Conclusion 

 Despite repeated calls for action, ED 

crowding is getting worse. Sociodemographic 

changes account  for some of the increase, 

but practice intensity is the principal factor 

driving increasing occupancy levels. 

 Although hospital admission generated 

longer ED stays than any other factor, it did 

not influence the steep trend in occupancy. 

[Ann Emerg Med. 2012;60:679-686.] 
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