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APPENDIX 1: Literature Search Strategies 
Guide to Search Syntax 
 
exp Explodes the subject heading to retrieve the search term plus all narrower (more 

specific) terms (OVID). 
/ All subheadings for a subject heading are included in the search (OVID). 
*term Focuses the search to a particular subject heading, e.g. *emergency medical 

services (OVID). 
$ Truncation symbol - searches for variations of a word (e.g. crowd$ searches for 

crowd, crowded, crowds, crowding) (OVID). 
* Truncation symbol - searches for variations of a word (e.g. crowd* searches for 

crowd, crowded, crowds, crowding). (Cochrane Library - Wiley InterScience®; 
EBSCOhost; ISI Web of KnowledgeSM; ProQuest; CSA Illumina). 

.ti,ab. Searches in record title and abstract (OVID). 

.mp. Searches in the title, abstract, and subject heading fields (OVID). 
TS= Searches for a particular topic (ISI Web of KnowledgeSM). 
DE Searches for subject headings and author-supplied keywords describing an 

article (EBSCOhost). 
ZU Searches for subject headings (EBSCOhost). 
SU Searches for articles about a specific subject (ProQuest). 
DE= Searches for subject terms (also called descriptors) (CSA Illumina). 
kw: Searches for keywords (CSA Illumina). 
adj, # Searches for keywords “adjacent” to each other within a specified number 

(OVID). 
next Searches for keywords that appear next to each other (Cochrane Library - 

Wiley InterScience®). 
“ “ Searches for phrases, e.g. “fast track” (OVID; EBSCOhost; ProQuest; SIGLE). 
.pt. Searches for a particular publication type (OVID). 
MeSH Searches for a Medical Subject Heading from the National Library of 

Medicine’s controlled vocabulary (Cochrane Library - Wiley InterScience®; 
NLM Gateway). 

MESH_NOMAP A MeSH term is searched as an exact MeSH phrase (NLM Gateway). 
 

Database Search Strategies 

 
MEDLINE®  
 
EBM Reviews - 
Cochrane Central 
Register of 
Controlled Trials  
 
Ovid MEDLINE® 
In-Process & Other 
Non-Indexed 
Citations  

1. exp CROWDING/ 
2. crowd$.ti,ab. 
3. overcrowd$.ti,ab. 
4. gridlock$.ti,ab. 
5. volume$.ti,ab. 
6. load$.ti,ab. 
7. board$.ti,ab. 
8. overload$.ti,ab. 
9. "access block$".ti,ab. 
10. (throughput OR through-put).ti,ab. 
11. warehous$.ti,ab. 
12. ("left without being seen" OR "leave$ without being seen" OR 
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HealthSTAR/Ovid 
Healthstar 
 
(OVID) 

lwbs).ti,ab. 
13. (ambulance$ adj2 diver$).ti,ab. 
14. "fast track$".ti,ab. 
15. (wait$ adj2 time$).ti,ab. 
16. delay$.ti,ab. 
17. ("patient flow$" OR "flow of patient$").ti,ab. 
18. defer$.ti,ab. 
19. (esi OR "emergency severity index").ti,ab. 
20. *Health Services Misuse/ 
21. (misuse$ OR overutili$).ti,ab. 
22. ((nonurgent OR non-urgent OR inappropriate OR nonacute) adj5 
(patient$ OR visit$ OR use$ OR care OR problem$ OR attend$)).ti,ab. 
23. ("length of stay$" OR los).mp. 
24. (length adj2 stay$).ti,ab. 
25. (acuit$ OR complexit$).ti,ab. 
26. (capacit$ OR occupanc$).ti,ab. 
27. (lama OR (leave$ adj4 ("medical advice" OR treatment$)) OR (left adj4 
("medical advice" OR treatment$))).ti,ab. 
28. OR/1-27 
29. *emergency medical services/ OR *emergency medical service 
communication systems/ OR *emergency service, hospital/ OR *trauma 
centers/ OR *emergency services, psychiatric/ OR *"transportation of 
patients"/ OR *ambulances/ OR *air ambulances/ OR *triage/ 
30. (triage$ OR "emergency medical service$ communication$ system$" OR 
"trauma center$" OR "trauma centre$" OR "tranport$ adj2 patient$").mp. 
31. (emergenc$ adj2 (medical$ OR health OR hospital$ OR psychiatric) adj2 
service$).mp. 
32. (("a and e" OR "a & e" OR a&e) adj1 (service$ OR department$)).ti,ab. 
33. ((emergenc$ OR emerg OR accident$ OR casualt$) adj2 (service$ OR 
department$ OR room$ OR centre$ OR center$ OR unit$)).ti,ab. 
34. ("acute care" OR "emergency care").mp. 
35. (emergicenter$ OR emergicentre$).mp. 
36. (((prehospital OR pre-hospital) adj2 emergenc$ adj2 care$) OR 
("prehospital care" OR "pre-hospital care")).mp. 
37. (emergenc$ adj2 (outpatient$ OR out-patient$) adj2 unit$).mp. 
38. ((ems OR ed OR er) AND emergenc$).mp. 
39. ("observation unit$" OR "observation area$" OR "holding unit$" OR 
"holding area$").ti,ab. 
40. "Canadian Triage & Acuity Scale".mp. 
41. ambulance$.ti,ab. 
42. OR/29-41 
43. 28 AND 42 
44. remove duplicates from 43 
Results:  
- Medline: 8777 
- EBM Reviews - Cochrane Central Register of Controlled Trials: 529 
- Ovid MEDLINE® In-Process & Other Non-Indexed Citations: 195  



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-3

Database Search Strategies 

- HealthSTAR/Ovid Healthstar: 8869 
EMBASE  
 
(OVID) 

1. exp CROWDING/ 
2. crowd$.ti,ab. 
3. overcrowd$.ti,ab. 
4. gridlock$.ti,ab. 
5. volume$.ti,ab. 
6. load$.ti,ab. 
7. board$.ti,ab. 
8. overload$.ti,ab. 
9. "access block$".ti,ab. 
10. (throughput or through-put).ti,ab. 
11. warehous$.ti,ab. 
12. ("left without being seen" or "leave$ without being seen" or lwbs).ti,ab. 
13. (ambulance$ adj2 diver$).ti,ab. 
14. "fast track$".ti,ab. 
15. (wait$ adj2 time$).ti,ab. 
16. delay$.ti,ab. 
17. ("patient flow$" or "flow of patient$").ti,ab. 
18. defer$.ti,ab. 
19. (esi or "emergency severity index").ti,ab. 
20. (misuse$ or overutili$).ti,ab. 
21. ((nonurgent or non-urgent or inappropriate or nonacute) adj5 (patient$ or 
visit$ or use$ or care or problem$ or attend$)).ti,ab. 
22. ("length of stay$" or los).mp. 
23. (length adj2 stay$).ti,ab. 
24. (acuit$ or complexit$).ti,ab. 
25. (capacit$ or occupanc$).ti,ab. 
26. (lama or (leave$ adj4 ("medical advice" or treatment$)) or (left adj4 
("medical advice" or treatment$))).ti,ab. 
27. or/1-26 
28. exp emergency health service/ or exp patient transport/ or exp 
AMBULANCE/ or exp emergency ward/ 
29. (triage$ or "emergenc$ adj2 service$ adj2 communication$" or "trauma 
center$" or "trauma centre$" or "tranport$ adj2 patient$").mp. 
30. (emergenc$ adj2 (medical$ or health or hospital$ or psychiatric) adj2 
service$).mp. 
31. ((emergenc$ or emerg or accident$ or casualt$) adj2 (service$ or 
department$ or room$ or centre$ or center$ or unit$)).ti,ab. 
32. (("a and e" or "a & e" or a&e) adj1 (service$ or department$)).ti,ab. 
33. ("acute care" or "emergency care").mp. 
34. (emergicenter$ or emergicentre$).mp. 
35. (((prehospital or pre-hospital) adj2 emergenc$ adj2 care$) or 
("prehospital care" or "pre-hospital care")).mp. 
36. (emergenc$ adj2 (outpatient$ or out-patient$) adj2 unit$).mp. 
37. ((ems or ed or er) and emergenc$).mp. 
38. ("observation unit$" or "observation area$" or "holding unit$" or 
"holding area$").ti,ab. 
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39. "Canadian Triage & Acuity Scale".mp. 
40. (ambulance$ or "emergency car$" or "emergency vehicle$").ti,ab. 
41. or/28-40 
42. 27 and 41 
43. remove duplicates from 42 
Results: 6066 

CINAHL® 
 
(OVID) 

1. crowd$.ti,ab. 
2. overcrowd$.ti,ab. 
3. gridlock$.ti,ab. 
4. volume$.ti,ab. 
5. load$.ti,ab. 
6. board$.ti,ab. 
7. overload$.ti,ab. 
8. "access block$".ti,ab. 
9. (throughput or through-put).ti,ab. 
10. warehous$.ti,ab. 
11. ("left without being seen" or "leave$ without being seen" or lwbs).ti,ab. 
12. (ambulance$ adj2 diver$).ti,ab. 
13. "fast track$".ti,ab. 
14. (wait$ adj2 time$).ti,ab. 
15. delay$.ti,ab. 
16. ("patient flow$" or "flow of patient$").ti,ab. 
17. defer$.ti,ab. 
18. (esi or "emergency severity index").ti,ab. 
19. *Health Services Misuse/ 
20. (misuse$ or overutili$).ti,ab. 
21. ((nonurgent or non-urgent or inappropriate or nonacute) adj5 (patient$ or 
visit$ or use$ or care or problem$ or attend$)).ti,ab. 
22. ("length of stay$" or los).mp. 
23. (length adj2 stay$).ti,ab. 
24. (acuit$ or complexit$).ti,ab. 
25. (capacit$ or occupanc$).ti,ab. 
26. (lama or (leave$ adj4 ("medical advice" or treatment$)) or (left adj4 
("medical advice" or treatment$))).ti,ab. 
27. or/1-26 
28. exp Emergency Service/ or exp trauma centers/ or exp TRIAGE/ or exp 
Emergency Care/ or exp "Transportation of Patients"/ or exp Ambulances/ or 
exp Prehospital Care/ 
29. (triage$ or "emergency medical service$ communication$ system$" or 
"trauma center$" or "trauma centre$" or "tranport$ adj2 patient$").mp. 
30. (emergenc$ adj2 (medical$ or health or hospital$ or psychiatric) adj2 
service$).mp. 
31. ((emergenc$ or emerg or accident$ or casualt$) adj2 (service$ or 
department$ or room$ or centre$ or center$ or unit$)).ti,ab. 
32. (("a and e" or "a & e" or a&e) adj1 (service$ or department$)).ti,ab. 
33. ("acute care" or "emergency care").mp. 
34. (emergicenter$ or emergicentre$).mp. 
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35. (((prehospital or pre-hospital) adj2 emergenc$ adj2 care$) or 
("prehospital care" or "pre-hospital care")).mp. 
36. (emergenc$ adj2 (outpatient$ or out-patient$) adj2 unit$).mp. 
37. ((ems or ed or er) and emergenc$).mp. 
38. ("observation unit$" or "observation area$" or "holding unit$" or 
"holding area$").ti,ab. 
39. "Canadian Triage & Acuity Scale".mp. 
40. ambulance$.ti,ab. 
41. or/28-40 
42. 27 and 41 
43. remove duplicates from 42 
Results: 2770 

PsycINFO® 
 
(OVID) 

1. exp CROWDING/ 
2. crowd$.ti,ab. 
3. overcrowd$.ti,ab. 
4. gridlock$.ti,ab. 
5. volume$.ti,ab. 
6. load$.ti,ab. 
7. board$.ti,ab. 
8. overload$.ti,ab. 
9. "access block$".ti,ab. 
10. (throughput or through-put).ti,ab. 
11. warehous$.ti,ab. 
12. ("left without being seen" or "leave$ without being seen" or lwbs).ti,ab. 
13. (ambulance$ adj2 diver$).ti,ab. 
14. "fast track$".ti,ab. 
15. (wait$ adj2 time$).ti,ab. 
16. delay$.ti,ab. 
17. ("patient flow$" or "flow of patient$").ti,ab. 
18. defer$.ti,ab. 
19. (esi or "emergency severity index").ti,ab. 
20. (misuse$ or overutili$).ti,ab. 
21. ((nonurgent or non-urgent or inappropriate or nonacute) adj5 (patient$ or 
visit$ or use$ or care or problem$ or attend$)).ti,ab. 
22. *treatment duration/ 
23. ((treatment$ adj2 duration) or ("length of stay$" or los)).mp. 
24. (length adj2 stay$).ti,ab. 
25. (acuit$ or complexit$).ti,ab. 
26. (capacit$ or occupanc$).ti,ab. 
27. (lama or (leave$ adj4 ("medical advice" or treatment$)) or (left adj4 
("medical advice" or treatment$))).ti,ab. 
28. or/1-27 
29. exp EMERGENCY SERVICES/ 
30. (triage$ or "emergency medical service$ communication$ system$" or 
"trauma center$" or "trauma centre$" or "tranport$ adj2 patient$").mp. 
31. (emergenc$ adj2 (medical$ or health or hospital$ or psychiatric) adj2 
service$).mp. 
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32. (("a and e" or "a & e" or a&e) adj1 (service$ or department$)).ti,ab. 
33. ((emergenc$ or emerg or accident$ or casualt$) adj2 (service$ or 
department$ or room$ or centre$ or center$ or unit$)).ti,ab. 
34. ("acute care" or "emergency care").mp. 
35. (emergicenter$ or emergicentre$).mp. 
36. (((prehospital or pre-hospital) adj2 emergenc$ adj2 care$) or 
("prehospital care" or "pre-hospital care")).mp. 
37. (emergenc$ adj2 (outpatient$ or out-patient$) adj2 unit$).mp. 
38. ((ems or ed or er) and emergenc$).mp. 
39. ("observation unit$" or "observation area$" or "holding unit$" or 
"holding area$").ti,ab. 
40. "Canadian Triage & Acuity Scale".mp. 
41. ambulance$.ti,ab. 
42. or/29-41 
43. 28 and 42 
44. remove duplicates from 43 
Results: 532 

The Cochrane 
Database of 
Systematic Reviews  
 
Database of 
Abstracts of 
Reviews of Effects 
(DARE) 
 
Health technology 
assessment database 
(HTA) 
 
NHS Economic 
evaluation database 
(NHS EED)  
 
(all via The 
Cochrane Library - 
Wiley 
InterScience®) 

EMERGENCY MEDICAL SERVICES explode all trees (MeSH) or 
AMBULANCES single term (MeSH) 
 
And 
 
CROWDING single term (MeSH) or (crowd* or overcrowd* or volume* or 
load* or throughput* or delay* or (access next block*) or (ambulance next 
diver*) or (fast next track) or (wait* next time*) or delay* or (patient next 
flow*) or (flow next patient) or (flow next patients) or overutili* or 
nonurgent or (length next stay) or acuit* or capacit* or occupanc* gridlock* 
or board* or overload* or warehous* or (emergency next severity next index) 
or misuse*) 
Results: 144  

Science Citation 
Index Expanded™ 
 
Social Sciences 
Citation Index 
 
(ISI Web of 
KnowledgeSM)  
 

TS=crowd* OR TS=overload* OR TS=emergency department* volume* OR 
TS=gridlock OR TS=access block* OR TS=leave without treatment 
 
AND 
 
TS=emergency medical service* OR TS=emergency service* OR TS=trauma 
center* OR TS=ambulance* OR TS=triage OR TS=prehospital care OR 
TS=acute care OR TS=emergency care OR TS=hospital emergenc* OR 
TS=emergency-department* OR TS=public hospital* emergenc* 
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Results: 69 
Academic Search 
Premier 
 
(EBSCOhost) 
 

((((DE "EMERGENCY medical services" OR DE "AMBULANCE service" 
OR DE "EMERGENCY medical personnel" OR DE "HOSPITALS -- 
Emergency service" OR DE "PEDIATRIC emergency services" OR DE 
"POISON control centers" OR DE "TRIAGE (Medicine)") or (DE 
"EMERGENCY medical services -- Communication systems" OR DE 
"PERSONAL emergency response systems") or (DE "EMERGENCY 
medical services -- Utilization")) or (DE "TRAUMA centers" OR DE 
"PEDIATRIC trauma centers")) or (DE "AMBULANCES" OR DE 
"AIRPLANE ambulances" OR DE "HELICOPTER ambulances" OR DE 
"HOSPITAL trains" OR DE "INTENSIVE care units, Mobile")) or (DE 
"TRIAGE (Medicine)") 
 
AND 
 
(Crowd* or gridlock or load* or “Access block” or overcrowd* or volume* 
or "ambulance divers*" or "fast track" or "wait* time*" or misuse* or 
overutili* or nonurgent or “length of stay” or acuit* or complexit* or 
capacit* or occupanc* or "patient flow*" or "flow of patient*" or "left 
without being seen" or "leav* without being seen") 
Results: 410 

Social Sciences 
Abstracts 
 
(EBSCOhost) 
 

(DE "Emergency medical services") or (DE "Emergency medical services--
Conferences") or (DE "Triage (Medicine)") or ambulance* 
 
AND 
 
crowd* or overcrowd* or "fast track" or "wait* time*" or "patient flow*" or 
"flow of patient*" or "length of stay*" or misuse* or overutili* or nonurgent 
or volume* or "access block*" or "ambulance diver*" 
Results: 0 

ABI/Inform® 
 
CBCA Business 
 
(ProQuest) 
 

SU(emergency services or ambulance services or triage) AND (crowd* or 
overcrowd* or gridlock* or volume* or load* or board* or overload* or 
"Access block*" or throughput or through-put or warehous* or "left without 
being seen" or "leav* without being seen" or lwbs or "ambulance divers*" or 
"fast track" or "wait* time*" or delay* or "patient flow*" or "flow of 
patient*" or esi or "emergency severity index" or misuse* or overutili* or 
nonurgent or “length of stay” or acuit* or complexit* or capacit* or 
occupanc* or lama or “leave* against medical advice” or “left against 
medical advice” or “leave* without medical treatment” or “left without 
medical treatment”) 
Results: 171 

Business Source 
Premier 
 
(EBSCOhost) 

((((ZU "EMERGENCY MEDICAL SERVICES") or (ZU "EMERGENCY 
MEDICAL SERVICES -- COMMUNICATION SYSTEMS")) or (ZU 
"TRIAGE (MEDICINE)")) or (ZU "TRAUMA CENTERS")) or (ZU 
"AMBULANCE SERVICE") or (DE "HOSPITALS -- Emergency service") 
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and 
 
(crowd* or overcrowd* or gridlock* or volume* or load* or board* or 
overload* or "Access block*" or throughput or through-put or warehous* or 
"left without being seen" or "leav* without being seen" or lwbs or 
"ambulance divers*" or "fast track" or "wait* time*" or delay* or "patient 
flow*" or "flow of patient*" or esi or "emergency severity index" or misuse* 
or overutili* or nonurgent or “length of stay” or acuit* or complexit* or 
capacit* or occupanc* or lama or “leave* against medical advice” or “left 
against medical advice” or “leave* without medical treatment” or “left 
without medical treatment”) 
Results: 123 

INFORMS Online  
 

Emergency 
Results: 55 

PAIS (Public 
Affairs Information 
Service) 
International 
 
(CSA Illumina) 
 

(de="Emergency services" or "Emergency medical services") and 
(kw=overcrowding or kw=crowd* or kw=overcrowd* or kw=gridlock* or 
kw=volume* or kw=load* or kw=board* or kw=overload* or kw=“Access 
block*” or kw=throughput or kw=through-put or kw=warehous* or kw=”left 
without being seen” or kw=”leav* without being seen” or kw=lwbs or 
kw=”ambulance divers*” or kw=”fast track” or kw=”wait* time*” or 
kw=delay* or kw=”patient flow*” or kw=esi or kw=”emergency severity 
index” or kw=misuse* or kw=overutili* or kw=nonurgent or kw=“length of 
stay” or kw=acuit* or kw=complexit* or kw=capacit* or kw=occupanc* or 
kw=lama or kw=“leave* against medical advice” or kw=“left against medical 
advice” or kw=“leave* without medical treatment” or kw=“left without 
medical treatment”) 
Results: 8 

SIGLE 
 

"EMERGENCY SERVICES" OR "EMERGENCY SERVICES 
PROVISION" OR "AMBULANCE SERVICE" OR "AMBULANCE 
SERVICES" OR AMBULANCES OR AMBULANCE OR TRIAGE 
Results: 0 

GrayLIT Network Overcrowding or emergency department 
Results: 3 

Dissertation 
Abstracts 
 
(ProQuest) 

Overcrowding and emergency 
Patient flow 
Waiting time and emergency 
Results: 20 

NLM Gateway 
(search for Meeting 
Abstracts) 

Emergency Service, Hospital[MESH] OR Emergency Medical 
Services[MESH_NOMAP] OR Triage[MESH] OR Ambulances[MESH] 
Results: 107 Meeting Abstracts 
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APPENDIX 2: Electronic Databases Searched 

Database Platform Coverage of 
Search 

Date of Search 

MEDLINE® Ovid Version: 
rel9.1.0 

1966 to 
November Week 
1 2004 
 

November 15, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

EBM Reviews - Cochrane 
Central Register of 
Controlled Trials 

Ovid Version: 
rel9.1.0 

3rd Quarter 2004 
(Coverage goes 
back to 1950) 

November 15, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

Ovid MEDLINE® In-Process 
& Other Non-Indexed 
Citations 

Ovid Version: 
rel9.1.0 

1966 to 
November 14, 
2004. 

November 15, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

EMBASE Ovid Version: 
rel9.1.0 

1988 to 2004 
Week 46 

November 15, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

CINAHL® (Cumulative 
Index to Nursing & Allied 
Health Literature) 

Ovid Version: 
rel9.1.0 

1982 to 
November Week 
1 2004 

November 16, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

HealthSTAR/Ovid Healthstar 
 

Ovid Version: 
rel9.1.0 
 

1975 to October 
2004 

November 16, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

PsycINFO® Ovid Version: 
rel9.1.0 

1872 to October 
Week 4 2004 

November 16, 2004 
(updates on 
December 1, 2004 
and December 09, 
2004) 

Science Citation Index 
Expanded™ (via Web of 
Science®) 

ISI Web of 
KnowledgeSM 
 

1945 to 
November 2004  

November 16, 2004 

Database of Abstracts of 
Reviews of Effects (DARE) 
via The Cochrane Library 

Wiley 
InterScience® 

1995 to 
December 2004 

December 10, 2004 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-10 

Database Platform Coverage of 
Search 

Date of Search 

Health Technology 
Assessment Database (HTA) 
via The Cochrane Library  

Wiley 
InterScience® 

1995 to 
December 2004 

December 10, 2004 

NHS Economic Evaluation 
Database (NHS EED) via the 
Cochrane Library 

Wiley 
InterScience® 

1995 to 
December 2004 

December 10, 2004 

Academic Search Premier EBSCOhost Coverage varies 
by journal - 
some full text 
journals date 
back as far as 
1965 or the first 
issue published. 

November 16, 2004 

Social Sciences Abstracts EBSCOhost 1984 to 
December 2004 

December 14, 2004 

ABI/Inform®  ProQuest® 1971 to 
December 2004 

December 07, 2004 

CBCA Business ProQuest® 1980 to 
December 2004 

December 07, 2004 

Business Source Premier EBSCOhost 1922 to 
December 2004 

December 07, 2004 

PAIS (Public Affairs 
Information Service) 
International 

CSA Illumina 1972 to 
December 2004 

December 09, 2004 

INFORMS Online 
 

Institute for 
Operations 
Research and the 
Management 
Sciences 
(http://www.info
rms.org/) 

December 2004 December 09, 2004 

SIGLE (System for 
Information on Grey 
Literature in Europe) (please 
note: this database no longer 
exists as of 2005) 

FIZ Karlsruhe – 
Version 
Interhost 3000 

1980 to 
November 2004 

November 17, 2004 

GrayLit Network U.S. Department 
of Energy's 
(DOE) Office of 
Scientific and 
Technical 
Information 
(OSTI) 
(http://www.osti.
gov/graylit/) 

November 2004 November 17, 2004 
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Database Platform Coverage of 
Search 

Date of Search 

Dissertation Abstracts ProQuest® 1980 to 
November 2004 

November 17, 2004 

NLM Gateway U.S. National 
Library of 
Medicine -  
http://gateway.nl
m.nih.gov/gw/C
md 

1950 to 
November 2004 
 

November 17, 2004 
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APPENDIX 3: Form for Inclusion and Exclusion of Studies 
 

Measures to document overcrowding in emergency departments 

Article 
identification:      

Reviewer’s initials: Date:         /           
/2005       
         (dd)    (mm) 

1. Topic  
a) Is primary issue in this study related to emergency department 
overcrowding? Study must refer to overcrowding or one of its 
synonyms in introductory or methods section. Exclude studies 
that have as their primary focus any of the following: workload, 
satisfaction, quality of care, utilization. 

 
Yes  No  Unsure  

b) Is the report primary research? Yes  No  Unsure  
2. Design  
Does study satisfy any of the following designs? 

 
Yes  No  Unsure  

RCT  Case series   
Quasi-randomized trial, or CCT  Cross-sectional study   
Cohort study  Computer or mathematical model  
Case-control study  Delphi technique or qualitative study   
Before-and-after study   Other:_______________________  
3. Variables 
Does study measure events related to ED overcrowding? These 
events can be any one or combination of ED factors (waiting 
times), hospital-related but non-ED factors (access block), 
factors external to hospital (ambulance diversion). 

 
Yes  No  Unsure  
 

 
4. Final Decision 
INCLUDE  
(meets all criteria)        

EXCLUDE 
(fails to meet at least one of the criteria)  

UNSURE  
(needs more data)  

Require English translation  Study provides useful background information Yes    No  
 
If disagreement between reviewers, final outcome: 
 
INCLUDED  (meets all criteria) EXCLUDED  
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APPENDIX 4: Data Extraction Form 
Article 
identification      

Reviewer’s initials: Verifier’s initials: 

Author: Year: Country: 
Number of study centres Single centre  Multicentre  Unsure  
Study objective 
 

Operational definition of ED overcrowding 
 

Study design 

RCT  Case series   
Quasi-randomized trial, or CCT  Cross-sectional study   
Cohort study  Computer or mathematical model  
Case-control study  Delphi technique or qualitative study   

Before-and-after study   Other:_______________________  
Overall comments on study 
 

Name of measure 
 
Description of measure 
 
Category of measure 
 
Input                        Throughput         Output               System                     
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APPENDIX 7: Characteristics of Included Studies in Systematic Review of Measures to 
 Document Overcrowding in ED  

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

Afilalo,35 
Canada 
 
 

cross-
sectional 
study, 
multicentre 

to develop and evaluate a 
measure of ED overcrowding, 
ED overcrowding not defined 

LOS time from arrival in 
emergency triage to 
disposition 

ED LOS throughput discriminative 
or descriptive 

Afilalo,36 
Canada 
 
 

prospective 
cohort study,  
multicentre 

to develop a tool that quantifies 
predicted LOS of ED patients, 
ED overcrowding not defined 

LOS not described ED LOS throughput discriminative 
or descriptive 

total number of ED patient 
visits per year 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Agouridakis,37 
Greece 
 
 

prospective 
cohort study,  
Single centre 

to evaluate workload and case 
mix of ED, with aim of 
determining causes of 
overcrowding, 
ED overcrowding not defined 

daily number of patients 
visiting ED in relation to 
number of hospital beds 

not described ED patient 
volumes 
overall 

throughput discriminative 
or descriptive 

arrival rate number of arrivals at given 
times 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

inter-arrival times difference between two 
consecutive arrivals 

ED times input discriminative 
or descriptive 

number of patients in queue 
at given time 

number of patients registered 
but not yet treated 

ED patient 
waiting 
volumes  

throughput discriminative 
or descriptive 

number of patients in system number of patients in system 
but not yet discharged 

ED patient 
volumes 

throughput discriminative 
or descriptive 

waiting times for first 
contact with doctor 

difference between arrival 
time and time of first 
entrance to cubicle 

ED times throughput discriminative 
or descriptive 

treatment time patients’ duration of stay in 
cubicles 

ED times throughput discriminative 
or descriptive 

Aharonson-
Daniel,38 
Hong Kong 
 
 

cross-
sectional 
study,  
single centre 

to identify and define factors 
influencing flow of patients 
through ED, 
ED overcrowding not defined 

total service time total time spent in system 
(from arrival to discharge) 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

time spent in ED total interval between arrival 
in ED and departure 

ED times throughput evaluative 

time awaiting family 
physician 

interval from arrival of 
patient to arrival of family 
physician in ED 

ED times throughput evaluative 

time awaiting intern period that patient spent in 
ED until intern arrived to 
attend him or her 

ED times throughput evaluative 

Allen,39 
Canada  
 
 

before-and-
after study, 
single centre 

to determine time spent by 
patients in ED of hospital; 
to assess whether full-time 
physician supervision of interns 
appreciably influenced time spent 
in ED 
ED overcrowding not defined 

time awaiting nurse mean interval between 
patient arrival in ED and 
attendance by nurse 

ED times throughput evaluative 

annual ED patient volume  number of patients attended 
(care provided) per year in 
ED 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

time of boarding patients time (in hours) to wait for in-
patient bed 

access block output discriminative 
or descriptive 

American 
College of 
Emergency 
Physicians,40 
US  
 
 

cross-
sectional 
study,  
multicentre 

to gauge impact of ED 
overcrowding on patient care; to 
assess emergency physicians’ 
estimations about significance of 
ED overcrowding problem, 
contributing factors, and obstacles 
to solving problem; 
ED overcrowding defined as not 
having “surge capacity” to 
respond to sudden increases in 
patient volume 

boarding of patients percentage of admitted 
patients boarded in ED until 
in-patient staffed beds 
become available  

access block output discriminative 
or descriptive 

Anantharaman, 
41 
Singapore  
 
 

retrospective 
cohort study,  
single centre 

to evaluate effectiveness of 
comprehensive electronic 
ambulance case record system, 
ED overcrowding not defined 

waiting time for critical care 
patients to be seen at ED 

time from arrival in ED to 
time to be attended by ED 
physician 

ED times throughput evaluative 

Anderson,42 
Canada  
 
 

before-and-
after study,  
multicentre 

to evaluate implementation of 
new system for ambulance 
diversions, 
ED overcrowding not defined 

percent of available time on 
diversion 

not described ambulance 
diversion 

input evaluative 

frequency of ED visits frequency of ED visits per 
minute 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

total LOS time from arrival at ED to 
exit (admission or discharge) 

ED LOS throughput discriminative 
or descriptive 

Andersson,43 
Sweden  
 
 

prospective 
cohort study, 
multicentre 

to investigate if reduction of 
supply (number of existing ED 
and acute hospital beds) affected 
waiting times for patients; to 
explore causes of delays or 
overcrowding 
ED overcrowding defined as high 
referral rates to EDs 

waiting time for examination 
by physician 

time from arrival to first 
examination by physician 
 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

turnaround time between 
emergency and radiology 
departments 

waiting time for report from 
radiology department 

ED times throughput discriminative 
or descriptive 

annual ED visits mean number of annual ED 
visits 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ED visits arriving by 
ambulance 

percentage of ED visits 
arriving by ambulance for 
study period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

days on holding number of days during study 
period that ED was required 
to hold admitted patients in 
ED for ≥4 hours because of 
lack of vacant or staffed in-
patient beds 

access block output discriminative 
or descriptive 

mean ED holding times for 
floor and ICU beds 

delay from time emergency 
patient is evaluated and 
orders are written for 
admission to ward or floor 
bed until patient leaves ED 

ED times output discriminative 
or descriptive 

Andrulis,44 
US 
 

cross-
sectional 
study,  
multicentre 

to assess extent and distribution 
of hospital and ED department 
crowding, 
ED crowding present when ED 
patients are ready but unable to be 
admitted to floor or intensive care 
unit (ICU) bed, and are held in 
ED 

maximum holding time maximum time during study 
period that ≥1 admitted 
patients held in ED before 
vacant floor bed became 
available 

ED times output discriminative 
or descriptive 

length of time in ED 
department 

time spent in ED ED LOS throughput evaluative Ardagh,45 
New Zealand 
 
 

controlled 
trial,  
single centre 

to test hypothesis that triaging 
certain ED patients through rapid 
assessment clinic (RAC) 
improves waiting times and times 
in department for all patients 
presenting to ED; to determine if 
RAC improved patient flow for 
department overall; 
ED overcrowding not defined 

waiting time to be seen by 
doctor 

waiting time for patients at 
each triage category to be 
seen by member of ED 
medical staff 

ED times throughput evaluative 

ambulance diversion 
episodes 

not described ambulance 
diversion 

input discriminative 
or descriptive 

Asplin,46 
US  
 
 

prospective 
cohort study,  
multicentre 

to develop reproducible measures 
of ED overcrowding that correlate 
with important patient and system 
outcomes, 
ED overcrowding not defined 

acuity-adjusted measure of 
ED census 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

ED volumes not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ED workload not described ED 
administration 

throughput discriminative 
or descriptive 

percent of total ED bed-
hours used to board in-
patients 

not described access block output discriminative 
or descriptive 

ED boarding burden of in-
patients 

not described access block output discriminative 
or descriptive 

total number of bed-hours 
available for patients in ED 

not described ED 
administration 

throughput discriminative 
or descriptive 

waiting times to see 
physician 

not described ED times throughput discriminative 
or descriptive 

ED occupancy not described ED 
administration 

throughput discriminative 
or descriptive 

patients LWBS not described LWBS throughput discriminative 
or descriptive 

provider ratings of ED 
crowding 

not described ED 
administration 

system discriminative 
or descriptive 

number of boarders not described access block output predictive 
total number of ED patients not described ED patient 

volumes 
overall 

throughput predictive 

number of critical care ED 
patients 

not described ED patient 
volumes 

throughput predictive 

ED LOS not described ED LOS throughput predictive 
mean boarding times not described access block output predictive 

Asplin47 
US  
 
 

prospective 
cohort study,  
multicentre 

to derive ED overcrowding scale 
consistent with ED provider 
perspectives; to validate scale’s 
performance using 4 adverse 
outcomes; 
ED overcrowding not defined 

diversion episodes not described ambulance 
diversion 

input predictive 

total number of ED 
admissions 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Baer,48 
US  
 
 

retrospective 
cohort study,  
single centre 

to assess impact on ED of 
recently discharged in-patients 
and how they contribute to and 
worsen current situation of ED 
overcrowding, 
ED overcrowding not  
defined 
 

ED LOS time of ED registration to 
time of departure from ED 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting time before 
receiving medical care or 
LWBS 

time spent waiting for triage 
before receiving care or 
LWBS 

ED times throughput discriminative 
or descriptive 

patient waiting time time from triage to time that 
patient first called to see 
physician 

ED times throughput discriminative 
or descriptive 

Baker,49 
US  
 
 

prospective 
cohort study, 
single centre 

to determine whether population 
of patients who LWBS increases 
as ED waiting time increases, 
ED overcrowding not defined 

patients who LWBS patients who did not answer 
3 calls to see physician 

LWBS throughput discriminative 
or descriptive 

number of patients attended not described ED patient 
volumes 

throughput discriminative 
or descriptive 

ED occupancy rate not described ED patient 
volumes 

throughput discriminative 
or descriptive 

number of patients leaving 
and entering system 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

waiting times mean, maximum, and 
minimum waiting times 

ED times throughput discriminative 
or descriptive 

time to triage mean, maximum, and 
minimum time to triage 

ED times throughput discriminative 
or descriptive 

waiting times for being seen 
by doctor 

not described ED times throughput discriminative 
or descriptive 

waiting time for tests not described ED times throughput discriminative 
or descriptive 

time spent in system not described ED times throughput discriminative 
or descriptive 

time to first examination not described ED times throughput discriminative 
or descriptive 

LOS in ED not described ED times throughput discriminative 
or descriptive 

LOS in tests not described ED times throughput discriminative 
or descriptive 

Barber Perez,50 
Spain 
 
 

computer 
simulation 
model, 
single centre 

to develop computer simulation 
model of ED as queue system; to 
design and analyze alternative 
functional structures of ED and 
their implications on resources, 
organization, and reallocation; 
ED overcrowding not defined 

LOS in system not described ED times throughput discriminative 
or descriptive 

hours on bypass mean hours spent each day 
on bypass because of 
admission holds 

ambulance 
diversion 

input predictive Baumann,51 
US  
 

prospective 
cohort study, 
single centre 

to determine which index of 
overcrowding has strongest 
association with patient 
throughput times, 
ED overcrowding not defined 

ED daily census not described ED patient 
volumes 
overall 

input predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

number of held admissions not described access block output predictive 
throughput times (1) time from physician admit 

decision to floor transfer 
access block output discriminative 

or descriptive 
throughput times (2) time from triage to physician 

evaluation 
ED times throughput discriminative 

or descriptive 
throughput times (3) time from triage to discharge ED times throughput discriminative 

or descriptive 
throughput times (4) time from triage to transfer 

to floor bed 
ED times throughput discriminative 

or descriptive 
throughput times (5) time from physician 

evaluation to admit decision 
ED times throughput discriminative 

or descriptive 
Bayley,52 
US  
 
 

prospective 
cohort study,  
single centre 

to determine marginal cost of 
extended ED LOS for chest pain 
patients awaiting non-intensive 
care unit monitored beds, 
ED overcrowding not defined 

ED LOS not described ED LOS throughput predictive 

number of patients in-board 
(or emergency in-patients) 

mean number per day of 
admitted patients waiting in 
ED >8 hours for in-patient 
bed 

access block output evaluative 

ED LOS not described ED times throughput evaluative 
average number of hours 
spent in ED by treat-and-
release patients 

throughput interval for 
patients treated and released 
after being triaged to adult 
care section of ED 

ED times throughput evaluative 

Bazarian,53 
US  
 
 

before-and-
after study, 
single centre 

to examine impact of reducing 
ED boarders through use of short-
stay in-patient medicine unit on 
amount of time that treat-and-
release patients spend in ED, 
ED overcrowding not defined 

number of patients who 
LWBS 

not described LWBS throughput evaluative 

Bernstein,7 
US  
 
 

prospective 
cohort study, 
single centre 

to develop quantitative measure 
of ED overcrowding and 
busyness; to examine whether 
adverse events are more common 
during periods of peak ED 
crowding; 
ED overcrowding not defined, but 
definitions used in other studies 
were referenced: periods when 
ED is on diversion; daily visit 
totals exceeding certain threshold; 
all ED beds filled >8 hours daily 

Emergency Department 
Work Index (EDWIN) 

∑ni x ti/Na(Bt−Ba) where 
ni=number of patients 
present in ED at certain 
triage category, ti=triage 
category (1 to 5, with 
5=most acute); Na= number 
of attending physicians on 
duty at given time; Bt=total 
number of beds, or treatment 
bays available in ED; 
Ba=number of admitted 
patients (holds) in ED 

ED 
administration 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

nurse or physician 
measurement of ED 
overcrowding 

“How busy would you say 
ED is right now”? (5-point 
Likert scale) 

ED 
administration 

throughput discriminative 
or descriptive 

ED waiting time calculated by subtracting 
time patient presented to 
nursing triage desk from 
time ED physician recorded 
meeting patient 

ED times throughput predictive Bindman,54 
US  
 
 

prospective 
cohort study,  
single centre 

to determine whether length of 
queue at public hospital ED was 
associated with increased 
likelihood of patients’ LWBS by 
physician; 
ED overcrowding not defined patients who LWBS patients who LWBS by 

physician in ED 
LWBS throughput discriminative 

or descriptive 
proportion of patients 
waiting before being seen by 
doctor 

percentage of patients 
assessed within first hour, 
percentage of patients 
assessed within 2 hours, 
percentage of patients 
assessed within 3+ hours 

ED patient 
waiting 
volumes 

throughput predictive 

mean time to ED assessment time between patient arrival 
and first assessment by 
physician 

ED times throughput predictive 

Blake,55 
Canada 
 
 

computer 
simulation 
model,  
single centre 

to investigate issues contributing 
to waiting time in ED, 
ED overcrowding not defined 

total patient LOS in ED not described ED times throughput predictive 
waiting time to treatment 
area 

number of ED patients 
waiting in 4-to-6 hour range  

ED times throughput evaluative Boger,56 
US  
 
 

before-and-
after study,  
single centre 

to evaluate method to access key 
patient data to decrease LOS in 
ED 
ED overcrowding not defined 

number of patients who 
LWBS 

not described LWBS throughput evaluative 

Bond,57 
Canada 
 
 

before-and-
after study,  
single centre 

to evaluate whether use of 
physician- and nurse-staffed 
assessment room reduced ED 
waiting times 
ED overcrowding not defined 

mean waiting time for non-
urgent patients 

not described ED times throughput evaluative 

ED ambulance diversion (1) number of days with ED 
ambulance diversion (>2 
hours or ≤2 hours per day) 

ambulance 
diversion 

input discriminative 
or descriptive 

ED ambulance diversion (2) number of days with ED 
ambulance diversion (>4 
hours or ≤4 hours per day) 

ambulance 
diversion 

input discriminative 
or descriptive 

Brown,58 
US  
 
 

prospective 
cohort study, 
single centre 

to examine roles of ED patient 
volume, hospital occupancy, and 
internal medicine in-patient 
census in need for ED diversion, 
ED overcrowding defined as need 
of ED ambulance diversion (i.e., 
when capacity to provide 
emergency care is overwhelmed) ED patient volumes not described ED patient 

volumes 
overall 
 

input predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting time average waiting time ED times throughput evaluative Browne,59 
Australia 
 
 

before-and-
after study,  
single centre 

to examine effectiveness of 
seamless model of management 
on quality of care for ED patients, 
ED overcrowding not defined 

critical care performance time to craniotomy for head 
injuries 

ED times throughput evaluative 

ED census daily mean of patients 
visiting ED 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

waiting time from ED entry 
after registration to first 
medical procedure 

time from ED entry after 
registration to first specific 
medical procedure in triage 
division 

ED times throughput evaluative 

waiting time from ED entry 
to start of history taking and 
physical examination 

not described ED times throughput evaluative 

duration of ED patient 
examination 

time for history taking, 
physical examination, and 
first prescriptions by 
emergency physician 

ED times throughput evaluative 

time per hour and per 
physician for activities other 
than patient examination 

time available for 
communication with 
patients, relatives, nurses, 
admitting physicians, and 
consultants, for writing 
discharge letters, and for 
case-specific literature 
reading in ED 

ED times throughput evaluative 

Bucheli,60 
Switzerland 
 
 

before-and-
after study, 
single centre 

to assess effects of addition of 
physician in ED on patients LOS, 
ED overcrowding not defined 

total ED LOS time from patient ED entry 
to discharge from ED triage 
division (ICU, regular in-
patient beds, ED in-patient 
ward, discharge) 

ED times throughput evaluative 

number of ED visits not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Bullard,61 
Canada 
 
 

retrospective 
cohort study,  
multicentre 

to examine LWBS trends over 3-
year period, 
ED overcrowding not defined 

number of patients LWBS not described LWBS throughput discriminative 
or descriptive 

Cain,62 
US  
 

before-and-
after study, 
single centre 

to evaluate effect of altering 
pediatric triage criteria on ED 
triage scoring, and patient waiting 

number of ED visits not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting time to ED 
examination 

not described ED times throughput evaluative 

waiting time to ED 
disposition 

not described ED times throughput evaluative 

time to floor admission from 
ED 

not described ED times throughput evaluative 

time to intensive care unit 
admission from ED 

not described ED times throughput evaluative 

times, 
ED overcrowding not defined 

proportion of patients 
leaving before examination 

not described LWBS throughput discriminative 
or descriptive 

number of episodes of 
ambulance bypass 

number of 2-hour periods 
during which ED could not 
accept patients arriving by 
ambulance because of 
patient overload 

ambulance 
diversion 

input evaluative 

proportion of patients 
receiving attention within 
threshold time (1) 

proportion of patients seen 
within threshold time (<30 
minutes) 

ED patient 
volumes 

throughput evaluative 

proportion of patients 
receiving attention within 
threshold time (2) 

proportion of patients seen 
within threshold time (<10 
minutes) 

ED patient 
volumes 

throughput evaluative 

Cameron,63 
Australia 

before-and-
after study,  
multicentre 

to review and analyze system 
effects of emergency 
enhancement program, 
ED overcrowding not defined 

access block number of patients waiting 
>12 hours for admission to 
hospital from ED 

access block output evaluative 

ambulance bypass ambulance diversion ambulance 
diversion 

input evaluative Cameron,64 
Australia 
 
 

before-and-
after study, 
multicentre 

to assess multi-component 
intervention to reduce access 
block for ED patients while 
maintaining elective throughput, 
ED overcrowding not defined 

emergency patients waiting 
>12 hours for in-patient bed 

number of patients waiting 
>12 hours in ED to be 
admitted to hospital-ward 
bed 

access block output evaluative 

number of patients seen per 
hour by each physician 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

average time from triage to 
being seen by EP 

not described ED times throughput discriminative 
or descriptive 

average time from being 
seen by nurse to being seen 
by EP 

not described ED times throughput discriminative 
or descriptive 

Campbell,65 
Canada 
 
  

prospective 
cohort study,  
single centre 

to evaluate contribution of 
individual emergency physician 
efficiency to ED overcrowding, 
ED overcrowding not defined 

average time from being 
seen by EP to discharge 

not described ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

rate of stretcher occupancy not described ED patient 
volumes 

throughput evaluative 

mean LOS for patients 
discharged from ED 

not described ED times throughput evaluative 

Cardin,66 
US  
 
 

before-and-
after study, 
single centre 

to evaluate effect of multi-faceted 
intervention to decrease ED 
overcrowding, or incidence of 
return visits to ED or hospital 
ward; 
ED overcrowding not defined 

average LOS of all ED 
patients 

not described ED times throughput evaluative 

mean ED LOS not described ED LOS throughput evaluative 
waiting time for fast track not described ED times throughput evaluative 

Chan,67 
US  
 
 

before-and-
after study,  
single centre 

to evaluate effectiveness of 
program termed Accelerated Care 
at Triage for reducing waiting 
times and overall LOS for ED 
patients, 
ED overcrowding not defined 

ED census not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

median patient arrival in 
hours before and during 
arrival of particular 
individual 

not described ED patient 
volumes 

input discriminative 
or descriptive 

median delay to seeing MD not described ED times throughput discriminative 
or descriptive 

Channan,68 
Canada 
 
 

prospective 
cohort study,  
multicentre 

to determine acuity level, reasons, 
and outcomes of patients who 
LWBS, 
ED overcrowding not defined 

proportion of patients LWBS not described LWBS or 
LAMA 

throughput discriminative 
or descriptive 

total LOS overall LOS in ED ED LOS throughput evaluative Cheung,69 
Canada  
 
 

retrospective 
cohort study  
single centre 

to evaluate effectiveness and 
efficiency of Advance Triage 
System, 
ED overcrowding not defined 

LOS after physician 
assessment 

time from initial physician 
assessment to disposition 

ED times throughput evaluative 

average waiting time of 
discharged patients 

not described ED times output discriminative 
or descriptive 

maximum waiting time of 
discharged patients 

not described ED times output discriminative 
or descriptive 

queue of patients waiting for 
examination 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

maximum queue of patients 
waiting for examination 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

Chin,70 
US  
 
 

computer 
simulation 
model,  
single centre 

to estimate effect of physician 
practices and patient arrival rate 
on physician utilization and 
patient waiting time in ED; 
ED overcrowding not defined 

queue of patients waiting for 
therapy after external tests 

not described ED patient 
waiting 
volumes 
 
 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

maximum queue of patients 
waiting for therapy 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

mean evaluation time 
(service time) 

times for initial diagnostic 
evaluation 

ED times throughput discriminative 
or descriptive 

time for treatment or therapy 
(service time) 

not described ED times throughput discriminative 
or descriptive 

total charting time (service 
time) 

not described ED times throughput discriminative 
or descriptive 

average visit time of 
discharged patients 

not described ED times throughput discriminative 
or descriptive 

maximum visit time of 
discharged patients 

not described ED times throughput discriminative 
or descriptive 

patient inter-arrival time time between patient arrivals ED times input discriminative 
or descriptive 

patient treatment time total time patient spends in 
ED from point that he or she 
is assigned bed in ED to 
point when he or she is 
admitted, discharged, or 
departs 

ED times throughput discriminative 
or descriptive 

Connelly,71 
US  
 
 

computer 
simulation 
model,  
single centre 

to describe development and 
operation of platform for 
computer simulation of ED 
activity; 
ED overcrowding not defined 

service time sum of treatment time and 
wait time before being 
assigned ED bed 

ED times throughput discriminative 
or descriptive 

proportion of patients 
waiting <30 minutes to see 
doctor 

not described ED patient 
waiting 
volumes 

throughput evaluative 

proportion of patients 
waiting <60 minutes to see 
doctor 

not described ED patient 
waiting 
volumes 

throughput evaluative 

Cooke,72 
UK  
 
 

before-and-
after study,  
single centre 

to evaluate effect of separate 
stream of care for minor injuries 
on ED waiting times; 
ED overcrowding not defined 

waiting time time from arrival to time of 
seeing doctor 

ED times throughput evaluative 

Cooke,73 
UK  
 
 

retrospective 
cohort study, 
multicentre 

to assess if total time spent in ED 
is related to acute-bed occupancy; 
ED overcrowding not defined 

proportion of patients 
spending >4 hours in ED 
from arrival to admission or 
discharge 

proportion of patients 
spending >4 hours in ED 
from arrival to admission or 
discharge 
 
 
 

ED patient 
volumes 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

Covington,74 
US  
 
 

before-and-
after study, 
single centre 

to evaluate effectiveness of 
implementation of nurse 
practitioner-staffed area in ED; 
ED overcrowding not defined 

number of patients leaving 
ED 

average of patients leaving 
ED per month 

LWBS throughput evaluative 

ED LOS not described ED LOS throughput discriminative 
or descriptive 

Curry,75 
Canada  
 
 

prospective 
cohort study, 
multicentre 

to assess relationship between 
hospital occupancy and ED LOS; 
ED overcrowding not defined number of ED visits not described ED patient 

volumes 
overall 

throughput discriminative 
or descriptive 

holding time time from completion of ED 
work-up until report was 
called to OR or ICU 

ED times output discriminative 
or descriptive 

total LOS time from triage until 
decision made to admit 
patient (in operating room or 
intensive care unit) 

ED times throughput discriminative 
or descriptive 

Davis,76 
US  
 
 

retrospective 
cohort study, 
single centre 

to determine factors that might be 
associated with prolonged ED 
LOS; 
ED overcrowding not defined 

ED LOS time from triage until ED 
work-up completed 

ED times throughput discriminative 
or descriptive 

Derlet,77 
US  
 
 

before-and-
after study, 
single centre 

to assess effect of policy of 
triaging patients out of ED; 
ED overcrowding not defined 

patients who LBWS patients who are registered 
as emergencies but leave ED 
waiting room before seeing 
doctor 

LWBS throughput evaluative 

frequency of overcrowding 
per week 

not described ED 
administration 

system discriminative 
or descriptive 

Derlet,78 
US  
 
 

cross-
sectional 
study,  
single centre 

to determine frequency and 
factors associated with patient 
overcrowding in academic ED; 
ED overcrowding not defined 

incidence of overcrowding percentage of academic ED 
with overcrowding problems 
during study period 

ED 
administration 

system discriminative 
or descriptive 

annual ED volume not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

patients waiting >30 minutes 
to see physician 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

patients waiting >60 minutes 
to see physician 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

Derlet,79 
US  
 
 

cross-
sectional 
study,  
multicentre 

to describe definition, extent, and 
factors associated with 
overcrowding in ED as perceived 
by ED directors; 
ED overcrowding definitions 
provided by survey respondents 
according to number of patients 
who wait for certain period of 
time to see physician; when all 
ED beds are filled for more than 
certain period per day; when 
patients are placed in hallways for 

all ED beds filled >6 hours 
per day 
 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

patients placed in hallways 
>6 hours per day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

waiting room filled >6 hours 
per day 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

more than certain period per day; 
when physicians feel rushed for 
more than certain period per day; 
when waiting room is filled more 
than certain period per day 

emergency doctors feel 
rushed >6 hours per day 

not described ED 
administration 

throughput discriminative 
or descriptive 

ED beds filled >6 hours per 
day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

patients on gurneys in 
hallways >6 hours per day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

having 10 patients who have 
waited >3 hours to see 
physician in 1 day 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

Derlet,80 
US  
 
 

cross-
sectional 
study,  
multicentre 

to determine incidence, causes, 
and effects of overcrowding in 
ED; 
ED overcrowding definitions 
provided by survey respondents 
according to number of patients 
who wait for certain period to see 
physician; when all ED beds are 
filled for more than certain period 
per day; when patients placed in 
hallways for more than certain 
period per day; when physicians 
feel rushed for more than certain 
period per day 

physicians so rushed they 
may make errors >6 hours 
per day 

not described ED 
administration 

throughput discriminative 
or descriptive 

number of patients seen in 
ED 

not described ED patient 
volumes 
overall 

throughput predictive DiGiacomo,81 
US  
 
 

prospective 
cohort study,  
single centre 

to determine which factors are 
associated with increased waiting 
times in ED; 
ED overcrowding not defined entire visit time time difference between 

arrival and discharge 
ED times throughput discriminative 

or descriptive 
Dinah,82 
UK  
 
 

before-and-
after study,  
single centre 

to investigate effect of fast-track 
scheme on waiting times in ED; 
ED overcrowding not defined 

waiting time mean or median waiting time 
in ED 

ED times throughput evaluative 

overall ED visit census per 
year 

number of ED visits per year ED patient 
volumes 
overall 

input discriminative 
or descriptive 

hours of ED holds not described ED times output discriminative 
or descriptive 

“door to doc” time not described ED times throughput discriminative 
or descriptive 

Doxzon,83 
US  
 
 

retrospective 
cohort study, 
single centre 

to identify and mitigate situations 
that result in ED overcrowding; 
ED overcrowding defined as 
“saturation” reached when ED 
acuity or volume has reached 
maximum levels; ED 
overcrowding meets at least 
following criteria: increase in 
ambulance traffic and staging in 
hallway >10 minutes; patient 

percentage of patients who 
LWBS 

not described LWBS throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

arrival to medical screening 
examination time >45 minutes; 
>5 patients waiting for triage; >3 
patients are ED holds for >4 
hours; monitored beds in ED are 
occupied 

number of ED admissions number of ED admissions 
per day 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

access block each day number of times per day 
where patient requiring 
hospital admission spends 
>8 hours in ED 

access block output discriminative 
or descriptive 

discharge treatment time time from arrival to 
discharge 

ED times output discriminative 
or descriptive 

admission waiting time interval between time of 
admission request and time 
of discharge from ED 

ED times output discriminative 
or descriptive 

time of admission request time of request for hospital 
admission 

ED times output discriminative 
or descriptive 

total capacity of the ED not described ED 
administration 

throughput discriminative 
or descriptive 

ED occupancy (mean LOS in minutes) x 
(number of patients per 
day)/1,440 

ED 
administration 

throughput discriminative 
or descriptive 

number of times total 
number of patients in ED 
equalled or exceeded bed 
capacity of ED 

not described ED 
administration 

throughput discriminative 
or descriptive 

time to admission request interval between time seen 
and time of admission 
request 

ED times throughput discriminative 
or descriptive 

ED waiting time interval between time of 
arrival and time to be seen 

ED times throughput discriminative 
or descriptive 

treatment time interval between time seen 
and time of discharge 

ED times throughput discriminative 
or descriptive 

Dunn,84 
Australia  
 
 

retrospective 
cohort study,  
single centre 

to determine if changes in 
hospital occupancy would affect 
ED occupancy and ED waiting 
time performance; 
ED overcrowding defined as 
situation where large number of 
admitted patients awaiting 
hospital admission causes ED 
dysfunction 

total time in ED interval between time of 
arrival and time of discharge 
from ED 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

patients who did not wait for 
treatment 

proportion of patients who 
did not wait to be seen by 
health professional 

LWBS throughput discriminative 
or descriptive 

number of ED diversion 
hours 

not described ambulance 
diversion 

input discriminative 
or descriptive 

number of ambulance out-
of-service incidents 

number of incidents in which 
ambulances out of service 
while waiting to transfer 
patients to ED gurney 

ambulance 
diversion 

input discriminative 
or descriptive 

Eckstein,85 
US  
 
 

prospective 
cohort study, 
multicentre 

to describe effect of ED crowding 
on paramedic ambulance 
availability; 
ED crowding defined according 
to number of hours on diversion 
in ED 

number of out-of-service 
hours 

waiting times for paramedics 
to transfer patient to ED 
gurney until they are 
available for another 
response 

ambulance 
diversion 

input discriminative 
or descriptive 

number of patients in ED 
waiting room 

not described ED patient 
waiting 
volumes 

input predictive 

number of patients under 
evaluation in ED 

not described ED patient 
volumes 

throughput predictive 

number of patients admitted 
to hospital but physically in 
ED 

not described access block output predictive 

Epstein,86 
US  
 
 

prospective 
cohort study, 
single centre 

to determine causes of ambulance 
diversion using input-throughput-
output model; to examine each 
component’s contribution to 
ambulance diversion; 
ED overcrowding not defined 

ED ambulance diversion times when ED was on 
diversion 

ambulance 
diversion 

input discriminative 
or descriptive 

ED volume average monthly volume of 
ED patients 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

LOS overall average LOS for 
study period 

ED times throughput discriminative 
or descriptive 

triage time not described ED times throughput discriminative 
or descriptive 

registration time not described ED times throughput discriminative 
or descriptive 

time to nursing assessment not described ED times throughput discriminative 
or descriptive 

time to physician assessment not described ED times throughput discriminative 
or descriptive 

Erickson,87 
Canada 
 
 
 

prospective 
cohort study, 
single centre 

to assess LOS experienced by 
patients of ED, and factors that 
affect LOS; 
ED overcrowding not defined 

turnaround time for 
laboratory results 

not described ED times throughput discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-57

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

turnaround time for 
radiological interpretations 

not described ED times throughput discriminative 
or descriptive 

turnaround time time of order entry to time of 
return of films to th ED 

ED times throughput evaluative 

fast track cycle time time spent in fast track ED times throughput evaluative 
time from arrival to 
treatment 

time from patient arrival to 
evaluation by ED physician 

ED times throughput evaluative 

Espinosa,88 
US  
 
 

before-and-
after study, 
single centre 

to evaluate effect of re-
engineering radiology services in 
ED; 
ED overcrowding not defined 

overall LOS time from arrival to 
discharge or transport to in-
patient bed 

ED times throughput evaluative 

patient arrival in ED not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

number of patients located in 
ED throughout day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

Espinosa,89 
Spain 
 
 

prospective 
cohort study, 
single centre 

to assess hypothetical linkage 
between internal pressures in 
hospital and ED overcrowding; 
ED overcrowding defined as 
situation where initial evaluation 
and treatment are completed, but 
patients have to remain in first aid 
area because of lack of capacity 
in observation area, because there 
is no place to discharge or to 
admit them 

periods of overcrowding periods when patients’ initial 
evaluation and treatment 
completed, but they had to 
stay in first aid area because 
of lack of capacity in 
observation area and because 
there was no place to 
discharge or to admit them 

ED 
administration 

system discriminative 
or descriptive 

number of episodes of 
ambulance bypass 

situation where ED instructs 
ambulance service to divert 
ambulances elsewhere, and 
bypass nearest ED 

ambulance 
diversion 

input discriminative 
or descriptive 

duration of ambulance 
bypass episodes 

not described ambulance 
diversion 

input discriminative 
or descriptive 

entry overload overwhelming (>10 
attendances per hour) 
numbers of patients 
presenting to ED in short 
time (1 hour) 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Fatovich,90 
Australia 
 
 

prospective 
cohort study, 
single centre 

to describe experience of ED 
overcrowding and ambulance 
bypass; 
ED overcrowding defined as 
situation where ED function is 
impeded primarily because 
number of patients waiting to be 
seen, undergoing assessment and 
treatment, or waiting for 
departure, exceeds physical or 
staffing capacity of ED; reached 
when ED exceeds 100% 
occupancy, or earlier if there is 
inadequate staff or other 
resources 

mean number of patients 
awaiting admission during 
bypass episodes 
 
 

not described ED patient 
waiting 
volumes 

output discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

mean number of ED patients 
during bypass episodes 

volume of patients in ED 
when ambulance bypass 
activated 

ED patient 
volumes 

throughput discriminative 
or descriptive 

mean number of patients in 
ED corridors during bypass 
episodes 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

mean number of patients 
waiting to be seen during 
bypass episodes 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

number of attendances per 
hour in 2 hours before 
ambulance bypass activation 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

number of times ED closed 
to patients arriving by 
ambulance 

not described ambulance 
diversion 

input evaluative 

number of visits to ED not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Feferman,91 
Canada 
 
 

before-and-
after study, 
single centre 

to describe and evaluate impact of 
institutional changes to solve 
problem of overcrowding in ED; 
ED overcrowding defined as 
situation where patients have to 
stay in ED until beds become 
available number of patients waiting 

in ED for admission 
not described. access block output evaluative 

Fernandes,92 
Canada  
 
 

before-and-
after study, 
single centre 

to determine whether Continuous 
Quality Improvement could be 
used to minimize LOS for fast 
track patients; 
ED overcrowding not defined 

ED LOS interval from presentation at 
triage desk to discharge from 
ED 

ED times throughput evaluative 

LOS ED LOS ED times throughput evaluative Fernandes,93 
Canada  
 
 

before-and-
after study, 
single centre 

to determine effect of reducing 
LOS on number of ED patients 
who LWBS by physician; 
ED overcrowding not defined 

patients who LWBS number of ED patients who 
LWBS by physician 

LWBS throughput evaluative 

volume of daily attendance 
at ED 

number of daily visits to ED 
optimal: ≤75 patient visits 
per day; crowded: 75 to 85 
patient visits per day; 
overcrowded: >85 patient 
visits per day 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

time awaiting to see 
physician 

interval from ED arrival to 
seeing physician 

ED times throughput predictive 

Fernandez-
Moyano,94 
Spain 
 
 

cross-
sectional 
study, 
single centre 

to evaluate waiting times as factor 
associated with overcrowding; 
ED crowding defined as daily 
patient attendance >75; ED 
overcrowding defined as 
attendance >85 patients per day 

patient waiting time time from first medical 
assessment to discharge 

ED times throughput predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

time awaiting laboratory 
tests 

time from ordering basic 
supplementary examinations 
to results 

ED times throughput predictive 

elapsed time in ED at triage time in hours from arrival to 
triage in medical care area of 
ED  

ED times throughput discriminative 
or descriptive 

elapsed time in ED for initial 
evaluation 

time in hours from arrival to 
initial medical assessment by 
physician, whether intern, 
resident, or member of 
attending staff 

ED times throughput discriminative 
or descriptive 

elapsed time in ED for X-
rays 

time in hours from ED 
arrival to X-rays 

ED times throughput discriminative 
or descriptive 

elapsed time in ED for 
laboratory tests 

time in hours from ED 
arrival to order for 
laboratory tests 

ED times throughput discriminative 
or descriptive 

elapsed time in ED for 
consultation 

time in hours from ED 
arrival to consultation with 
specialist 

ED times throughput discriminative 
or descriptive 

elapsed time in ED for re-
evaluation 

time in hours from ED 
arrival to re-evaluation 

ED times throughput discriminative 
or descriptive 

elapsed time in ED for 
disposition 

time in hours from ED 
arrival to disposition 

ED times throughput discriminative 
or descriptive 

proportion of total patient 
time in ED spent in triage 

not described ED times throughput discriminative 
or descriptive 

proportion of total patient 
time in ED spent in initial 
evaluation 

not described ED times throughput discriminative 
or descriptive 

proportion of total patient 
time in ED spent in X-rays 

not described ED times throughput discriminative 
or descriptive 

proportion of total patient 
time in ED spent in 
laboratory tests 

not described ED times throughput discriminative 
or descriptive 

proportion of total patient 
time in ED spent in 
consultation with specialist 

not described ED times throughput discriminative 
or descriptive 

Fineberg,95 
US  
 
 

computer 
simulation 
model, 
single centre 

to describe general model of 
emergency room operations; 
to identify factors impeding or 
facilitating patient flow through 
ED; 
ED overcrowding not defined 

proportion of total patient 
time in ED spent in re-
evaluation 

not described ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

proportion of total patient 
time in ED spent for 
disposition 

not described ED times throughput discriminative 
or descriptive 

access block (definition 1) delay (from ready for 
departure to departure time) 
>4 hours 

access block output discriminative 
or descriptive 

time delay delay >2 hours access block output discriminative 
or descriptive 

delay time time from ready for 
departure to departure 

ED times output discriminative 
or descriptive 

access block (definition 2) total time in ED (from 
arrival time to departure 
time) >8 hours 

ED LOS throughput discriminative 
or descriptive 

access block (definition 3) active treatment and delay 
time (from medical 
assessment time to departure 
time) >8 hours 

ED times throughput discriminative 
or descriptive 

total ED time time from arrival to 
departure from ED 

ED LOS throughput discriminative 
or descriptive 

waiting time time from arrival to medical 
assessment 

ED times throughput discriminative 
or descriptive 

Forero,96 
Australia 
 
 

retrospective 
cohort study, 
multicentre 

to test effect of triage category, 
type of hospital, year of 
presentation, and other variables 
on access block; 
ED overcrowding not defined 

medical assessment time time from medical 
assessment to ready for 
departure 

ED times throughput discriminative 
or descriptive 

number of daily ED visits not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

arrival density index measure of how busy ED 
was when patients arrived in 
ED; for each patient, number 
of patients who had arrived 
in preceding hour was 
identified; this number 
averaged for all patients 
arriving on calendar day 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Forster,97 
Canada 
 
 

retrospective 
cohort study, 
single centre 

to determine whether hospital 
occupancy associated with 
admitted patients’ LOS in ED; 
to determine whether hospital 
occupancy associated with 
admission rate; 
ED overcrowding defined as 
situation where hospital 
occupancy exceeds threshold, and 
patients admitted through ED 
may not have immediate access to 
hospital beds daily ED LOS for admitted 

patients 
median LOS for all patients 
presenting to ED on single 
day who were subsequently 
admitted to hospital; interval 

ED LOS throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

between registration in ED 
and transfer to ward bed 

daily consultation rate proportion of ED patients 
referred to hospital 
consultants on each day 

ED patient 
volumes 

throughput discriminative 
or descriptive 

Fromm Jr,98 
US  
 
 

prospective 
cohort study, 
single centre 

to investigate patterns of care 
utilization in ED; to determine if 
critically ill patients constitute 
significant component of ED 
practice; to quantify burden of 
critically ill patients on ED by 
examining ED LOS; 
ED overcrowding not defined 

ED LOS time from arrival in ED until 
discharge, death, or 
admission to in-patient unit 

ED times throughput discriminative 
or descriptive 

patient waiting time not described ED times throughput discriminative 
or descriptive 

Fry,99 
Australia 
 
 

cross-
sectional 
study, 
multicentre 

to identify characteristics and 
reasons for patients leaving 
before medical assessment; 
ED overcrowding not defined 

proportion of patients who 
did not wait 

patients who had undergone 
triage assessment and code 
allocation but subsequently 
chose to leave before 
medical assessment 

LWBS throughput discriminative 
or descriptive 

temporary ED closures number of hours EDs closed 
each month 

ED 
administration 

input discriminative 
or descriptive 

forced openings forced open hours, i.e., 
required to take patients for 
2-hour period, when critical 
threshold of closed EDs 
reached (based on 
predefined algorithm) 

ED 
administration 

input discriminative 
or descriptive 

ambulance drop times time needed to transfer 
patient care to ED staff 

ED times input discriminative 
or descriptive 

Fullerton-
Gleason,100 
US  
 
 

retrospective 
cohort study,  
multicentre 

to test hypothesis that temporary 
ED closures, forced openings, and 
ambulance drop times would 
increase over past 3 years; 
ED overcrowding defined 
according to number of 
ambulance drop times 

extra unit hours of 
ambulance drop times 

total number of unit hours 
used in excess of standard 15 
minutes per patient to 
transfer patient care  
to ED staff 
 
 
 
 
 

ED times input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

Ganapathy,101 
US  
 
 

prospective 
cohort study,  
single centre 

to describe problem of crowding 
in ED; to describe how transition 
team affected processes and care 
in ED; 
ED overcrowding not defined 

LOS in ED not described ED times throughput discriminative 
or descriptive 

George,102 
UK  
 
 

controlled 
trial, 
single centre 

to compare formal nurse triage 
with informal prioritization 
process for waiting times and 
patient satisfaction; 
ED overcrowding not defined 

waiting times time between first 
attendance in department 
and obtaining medical 
attention 

ED times throughput evaluative 

ED LOS not described ED LOS throughput evaluative 
number of patients who 
LWBS 

not described LWBS throughput evaluative 
Grafstein,103 
Canada 
 
 

retrospective 
cohort study, 
single centre 

to compare baseline 
characteristics, ED utilization, 
and adverse outcomes in patient 
with waiting room and hallway 
care versus those triaged to acute-
care bed; 
ED overcrowding not defined 

number of patients who 
LAMA 

not described LWBS throughput evaluative 

ED LOS not described ED LOS throughput discriminative 
or descriptive 

number of patients who had 
their entire care in waiting 
room 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

Grafstein,104 
Canada  
 
 

retrospective 
cohort study, 
single centre 

to compare baseline 
characteristics, ED utilization, 
and adverse outcomes in patients 
with waiting room care versus 
those triaged to acute-care bed; 
ED overcrowding not defined number of patients who 

LWBS or who LAMA 
not described LWBS throughput discriminative 

or descriptive 
number of patients seen 
within waiting time 
appropriate to National 
Triage Scale  
classification 

not described ED patient 
volumes 

throughput evaluative 

median waiting time time between registration at 
triage desk and time of 
assessment by doctor 

ED times throughput evaluative 

LOS time between registration at 
triage desk and time of 
leaving ED 

ED times throughput evaluative 

Grant,105 
Australia 
 
 

before-and-
after study, 
single centre 

to evaluate whether rapid 
assessment team can reduce ED 
waiting times, and improve 
performance of clinical indicator 
waiting time relative to triage 
category; 
ED overcrowding not defined 

number of patients who did 
not wait to see doctor 
 
 

not described LWBS throughput evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

ED census not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

LOS not described ED LOS throughput evaluative 

Hall,106 
Canada 
 
 

before-and-
after study, 
single centre 

to determine impact of triaging 
Canadian Triage and Acuity Scale 
(CTAS) category 5 and some 
category 4 patients through fast 
track system; 
ED overcrowding not defined 

number of patients LWBS not described LWBS throughput evaluative 

Hampers,107 
US  
 
 

prospective 
cohort study, 
single centre 

to examine differences in 
evaluation, management, and 
outcomes for patients seen in on-
site “fast track” versus main ED; 
ED overcrowding not defined 

LOS time from presentation to 
triage desk to discharge from 
ED of fast track area 

ED times throughput evaluative 

bed occupancy not described ED 
administration 

throughput discriminative 
or descriptive 

Handyside,108 
UK  
 
 

computer 
simulation 
model, 
single centre 

to describe method to simulate 
emergency bed occupancy, and 
allowing comparison of effects on 
bed occupancy of rotational 
admission schedules in ED; 
ED overcrowding not defined 

duration of patient stay not described ED times throughput predictive 

time to admission time decision made to admit 
patient to hospital or to 
discharge patient from ED 

ED times output discriminative 
or descriptive 

time from entry into ED 
until initial contact with 
physician 

not described ED times throughput discriminative 
or descriptive 

turnaround times for 
laboratory tests 

time laboratory tests sent and 
results received 

ED times throughput discriminative 
or descriptive 

turnaround times for 
radiographic studies 

time radiographic studies 
ordered and results received 

ED times throughput discriminative 
or descriptive 

Heckerling,109 
US  
 
 

prospective 
cohort study,  
single centre 

to quantify factors contributing to 
long patient visit times; 
ED overcrowding not defined 

length of emergency room 
stay 

proportion of patients 
completing ED visits in 
<2.5, <3.5, <5.0 hours 

ED times throughput discriminative 
or descriptive 

ED census average daily census ED patient 
volumes 
overall 

input discriminative 
or descriptive 

number of patients waiting 
>1 hour for disposition from 
ED 

number of patients waiting 
>1 hour to be seen by 
provider after being signed 
in on ED log 

ED patient 
waiting 
volumes 

output evaluative 

Howell,110 
US  
 
 

before-and-
after study, 
single centre 

to compare patient waiting times 
and quality assurance parameters 
with two methods of physician 
staffing; 
ED overcrowding not defined 

number of patients waiting 
>2 hours for disposition 

number of patients waiting 
>2 hours from time they 

ED patient 
waiting 

output evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

from ED signed into ED until 
disposition made from ED 

volumes 

waiting time to be seen by 
physician 

number of minutes waited by 
each patient to be seen by 
provider after signing in 

ED times throughput evaluative 

total time from entry to ED 
until disposition 

number of minutes waited 
after sign-in by each patient 
until disposition from ED 

ED times throughput evaluative 

number of patients who left 
without being seen by a 
physician 

not described LWBS throughput evaluative 

Howell,111 
US  
 
 

before-and-
after study, 
single centre 

to assess implementation of new 
direct admission system based on 
telephone consultation between 
ED physicians and in-house 
hospital staff; 
ED overcrowding not defined 

admission cycle time time from ED decision to 
admit patient until time 
patient arrived on medical 
service for transfer to ward 

ED times throughput evaluative 

total ED patient numbers not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

waiting time from 
registration to seeing 
physician 

not described ED times throughput discriminative 
or descriptive 

disposition time waiting time from 
registration to disposition 

ED times throughput discriminative 
or descriptive 

Hu,112 
Taiwan 
 
 

prospective 
cohort study, 
single centre 

to demonstrate that use of 
computer in ED to store and 
analyze information can provide 
insight into ways of improving 
efficiency of ED operation, 
particularly regarding slowing of 
patient flow in ED; 
ED overcrowding not defined 

examination time time from initiation to 
conclusion of examination 

ED times throughput discriminative 
or descriptive 

number of admitted patients 
held in ED 

not described access block output evaluative 

stretcher time time waiting for in-patient 
beds 

access block output evaluative 

ED LOS time from registration to 
discharge 

ED LOS throughput evaluative 

Innes,113 
Canada 
 
 

retrospective 
cohort study, 
single centre 

to determine impact of ED 
computerized physician order 
entry system on ED LOS; 
ED overcrowding not defined 

number of patients treated in 
hallways 

not described ED patient 
volumes 

throughput evaluative 

number of admitted patients 
held in ED 

mean daily number of 
admitted patients held in ED 

access block output evaluative Innes,114 
Canada 
 
 

before-and-
after study, 
single centre 

to evaluate whether change to ED 
physician order entry would 
reduce ED LOS; 
ED overcrowding not defined 

ED LOS for discharged 
patients 

not described ED LOS throughput evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

number of waiting room 
patients at ED 

not described ED patient 
waiting 
volumes 

throughput evaluative 

frequency of ambulance 
diversion 

frequency of emergency 
medical services diversion. 
mean hours per 100 patients 

ambulance 
diversion 

input evaluative 

ambulance diversion mean hours in ambulance 
diversion per 100 patients 

ambulance 
diversion 

input evaluative 

patient volumes daily patient volumes 
(number of patients at ED 
per day) 

ED patient 
volumes 
overall 

input evaluative 

Kelen,115 
US  
 
 

before-and-
after study, 
single centre 

to determine impact of in-patient 
ED-managed acute care unit on 
ED overcrowding, and use of 
ambulance diversion 
ED overcrowding not defined 

number of patients who 
LWBS 

registered ED patients who 
LWBS 

LWBS throughput evaluative 

Kilic,116 
Turkey 
 
 

controlled 
trial, 
single centre 

to determine effectiveness of “fast 
tracking” in academic ED during 
period of limited resources and 
space constraints; 
ED overcrowding not defined 

ED LOS time from admission to 
discharge 

ED times throughput evaluative 

Klassen,117 
Canada 
 
 

randomized 
controlled 
trial, 
single centre 

to determine whether triage 
nurses using Brand protocol 
would order fewer radiographs 
than would physicians carrying 
out standard practice procedures; 
to determine whether having 
triage nurses order radiographs 
could reduce total patient waiting 
time in ED; 
ED overcrowding not defined 

total time spent in ED time between arrival at ED 
and referral to orthopedic 
surgery service or discharge 

ED times throughput evaluative 

ED patient volume number of ED visits ED patient 
volumes 
overall 

input evaluative 

average waiting time for 
non-urgent patients 

not described ED times throughput evaluative 

Krakau,118 
Sweden 
 
 

before-and-
after study,  
single centre 

to evaluate how addition of 
general practitioner surgery 
influences utilization of ED 
ED overcrowding not defined 

average waiting time for 
urgent patients 

not described ED times throughput evaluative 

Kyriacou,119 
US 
 
 

before-and-
after study,  
single centre 

to calculate main ED patient care 
intervals, to identify areas of 
inefficiency; to measure effect of 
ED and in-patient bed availability 

daily patient census not described ED patient 
volumes 
overall 
 

input predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

time from disposition order 
to patient discharge from ED 

not described ED times output evaluative 

total LOS time from triage presentation 
to patient discharge from ED 

ED times throughput evaluative 

time from triage presentation 
to completion of registration 

not described ED times throughput evaluative 

time from completion of 
registration to ED treatment 
area entry 

not described ED times throughput evaluative 

ratio of physicians to waiting 
room patient 

not described ED 
administration 

throughput predictive 

on patient flow; to quantitatively 
assess effects of administrative 
interventions aimed at improving 
efficiency; to evaluate 
relationship between waiting 
times to see physician and 
number of patients who LWBS 
by physician; 
ED overcrowding not defined 

waiting time interval from ED arrival to 
first contact with physician 
or mid-level provider 

ED times throughput discriminative 
or descriptive 

average number of 
emergency patients arriving 
in ED in hourly intervals 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

average time to ED doctor 
consultation in hours 

time from registration to 
consultation with ED doctor 

ED times throughput discriminative 
or descriptive 

average time to decision to 
admit in hours 

time from registration to 
decision to admit 

ED times throughput discriminative 
or descriptive 

total waiting time not described ED times throughput discriminative 
or descriptive 

time from registration to 
admission to wards 

not described ED times throughput discriminative 
or descriptive 

time from decision to admit 
until patient leaves ED for 
ward admission 

not described ED times output discriminative 
or descriptive 

time from consultation with 
specialty doctor until 
decision to admit 

not described ED times throughput discriminative 
or descriptive 

time from referral until 
consultation by specialty 
doctor 

not described ED times throughput discriminative 
or descriptive 

Lane,123 
UK  
 
 

computer 
simulation 
model, 
single centre 

to explore factors that contribute 
to long waiting times for 
emergency admissions; 
ED overcrowding not defined 
 

time from consultation until 
referral to specialty doctor 
 
 
 

not described ED times throughput discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-67

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

Lau,124 
Hong Kong 
 
 

before-and-
after study,  
single centre 

to determine effect of small team 
consultation system on patients’ 
waiting time in ED; 
ED overcrowding not defined 

waiting time interval between time patient 
registers and time patient 
seen by doctor 

ED times throughput evaluative 

ED LOS time from registration in 
triage to time of discharge or 
transport to floor for 
admitted patients 

ED times throughput evaluative Lee-
Lewandrowski, 
125 
US 

before-and-
after study,  
single centre 

to investigate impact of point-of-
care testing satellite laboratory in 
ED; 
ED overcrowding not defined 
 time specimen received in 

central laboratory until 
results posted in hospital 
computer for review 

interval between time patient 
registers and time patient 
seen by doctor 

ED times throughput evaluative 

in-patient LOS time from ED presentation to 
discharge from hospital 

ED times throughput discriminative 
or descriptive 

Liew,126 
Australia  
 
 

retrospective 
cohort study, 
multicentre 

to examine association between 
ED LOS and in-patient LOS; 
access block used as proxy 
measure of ED overcrowding; 
access block defined as LOS >8 
hours 

ED LOS time from ED presentation to 
transfer to ward 

ED times throughput predictive 

waiting time to be admitted not described ED times output discriminative 
or descriptive 

mean time for registration 
(time in waiting room) 

not described ED times throughput discriminative 
or descriptive 

mean time for triage (time in 
waiting room) 

not described ED times throughput discriminative 
or descriptive 

time from registration to 
entering examining room 

not described ED times throughput discriminative 
or descriptive 

time spent waiting in 
examining room for initial 
physician evaluation 

not described ED times throughput discriminative 
or descriptive 

total time spent in ED not described ED times throughput discriminative 
or descriptive 

waiting time for laboratory 
test results 

not described ED times throughput discriminative 
or descriptive 

waiting time to go to 
radiology department 

not described ED times throughput discriminative 
or descriptive 

waiting time for physician to 
read roentgenogram 

not described ED times throughput discriminative 
or descriptive 

Liptak,127 
US 
 
 

prospective 
cohort study, 
single centre 

to document and analyze waiting 
that patients undergo in pediatric 
ED; to identify areas that could be 
modified to decrease patient 
waiting; 
ED overcrowding not defined 
 

waiting time for consultant not described ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

time spent receiving medical 
care 

not described ED times throughput discriminative 
or descriptive 

number of patients who 
LWBS 

not described LWBS throughput discriminative 
or descriptive 

time on critical bed status not described ED times throughput discriminative 
or descriptive 

time from patient check-in to 
room 

interval from first time 
stamp on triage entry log to 
transport and placement into 
treatment room 

ED times throughput discriminative 
or descriptive 

time from room to physician time from placement into 
treatment room to seeing 
physician (time of 
assessment), or to get 
physician orders 

ED times throughput discriminative 
or descriptive 

time from orders to first 
intervention 

time from getting physician 
orders to first intervention 
(blood draw, imaging, or 
consultant called) 

ED times throughput discriminative 
or descriptive 

time from first intervention 
to disposition 

time from first intervention 
to physical discharge from 
department performed by 
nurse and recorded in 
nursing notes 

ED times throughput discriminative 
or descriptive 

Liu,128 
US 
 
 

retrospective 
cohort study, 
single centre 

to compare measurements of ED 
patient flow during periods of 
acute ED overcrowding and times 
of normal patient volume; 
ED overcrowding defined 
according to ED critical bed 
status (CBS); CBS defined by ED 
policy as department 
overwhelmed by triage level 1 
and 2 patients, inadequate 
stretcher space for additional 
critical or stretcher patients, or 
reasonable anticipation of 
multiple injured patients 

LOS not described ED times throughput discriminative 
or descriptive 

time taken to see doctor time taken from arrival to 
seeing doctor 

ED times throughput evaluative 

time taken to see health care 
professional (nurse) 

time taken from arrival to 
seeing nurse 

ED times throughput evaluative 

time to be seen by triage 
assessor 

not described ED times throughput evaluative 

Mallett,129 
UK  
 
 

before-and-
after study, 
single centre 

to investigate effect of triage 
system on waiting times of ED 
attenders; 
ED overcrowding not defined 
 

time spent in ED not described ED times throughput evaluative 
McAfee,130 
US 
 
 

before-and-
after study, 
single centre 

to analyze effect of computerized 
order entry system on ED LOS; 
ED overcrowding not defined 

ED LOS time of patient triage to time 
that patient physically left 
ED 

ED LOS throughput evaluative 

McConnell,131 
US 

retrospective 
cohort study, 

to determine effect of ED 
crowding and ambulance 

ambulance diversion not described ambulance 
diversion 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

diversion because of ED 
overload 

not described ambulance 
diversion 

input predictive 

diversion because of lack of 
ICU beds 

not described ambulance 
diversion 

input predictive 

time in waiting room not described ED times throughput discriminative 
or descriptive 

time in examination room 
for patients sent home 

not described ED times throughput discriminative 
or descriptive 

time in examination room 
for admitted patients 

not described ED times throughput discriminative 
or descriptive 

total number of patients in 
ED 

not described ED patient 
volumes 
overall 

input predictive 

patients who LWBS by 
physician 

not described LWBS throughput discriminative 
or descriptive 

 
 

single centre diversion on times spent in 
waiting room and in ED 
examination rooms; 
ED overcrowding not defined 
 

patients who LAMA not described LAMA throughput discriminative 
or descriptive 

ED volume not described ED patient 
volumes 
overall 

throughput predictive McMullan,132 
US 
 
 

retrospective 
cohort study, 
single centre 

to determine how ED volume and 
acuity influence number of 
patients leaving ED without 
treatment; 
ED overcrowding not defined 
 

patients leaving without 
treatment 

number of patients who 
leave ED without being seen 
and treated by physician, 
includes patients who 
LAMA, those who left 
before assessment, treatment 
or discharge planning 
completed, or those who did 
not answer multiple calls in 
waiting area 

LWBS throughput discriminative 
or descriptive 

Miro,6 
Spain 
 
 

prospective 
cohort study, 
single centre 

to assess influence of 
overcrowding on health care 
quality provided by ED; 
ED overcrowding defined as 
number of daily visits between 
100 and 120 or  
greater 
 
 

number of overall ED visits total number of visits per 
week 

ED patient 
volumes 
overall 

input predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

number of patients waiting 
for visit 

not described ED patient 
waiting 
volumes 

input discriminative 
or descriptive 

external pressure number of patients arriving 
at ED during last 3 hours 

ED patient 
volumes 
overall 

input predictive 

internal pressure: hospital-
related factors outside ED 

number of patients waiting 
for admission beds 

access block output predictive 

internal pressure: non-ED 
and non-hospital related 
factors 

number of patients waiting 
for relatives, social worker, 
or ambulance 

ED patient 
waiting 
volumes 

output predictive 

internal ED pressure number of patients staying in 
ED after beginning visit 

ED patient 
volumes 

throughput predictive 

internal pressure: ED-related 
factors (1) 

number of patients waiting 
to see doctor 

ED patient 
waiting 
volumes 

throughput predictive 

internal pressure: ED-related 
factors (2) 

number of patients being 
attended at measurement 
time 

ED patient 
volumes 

throughput predictive 

internal pressure: ED-related 
factors (3) 

number of patients waiting 
for laboratory or X-ray 
results 

ED patient 
waiting 
volumes 

throughput predictive 

internal pressure: ED-related 
factors (4) 

number of patients waiting 
for evolution of clinical 
status 

ED patient 
waiting 
volumes 

throughput predictive 

internal pressure: ED-
hospital inter-relation-related 
factors (1) 

number of patients waiting 
for further tests independent 
of ED 

ED patient 
waiting 
volumes 

throughput predictive 

internal pressure: ED-
hospital inter-relation-related 
factors (2) 

number of patients waiting 
for assessment by specialist 
external to ED 

ED patient 
waiting 
volumes 

throughput predictive 

Miro,133 
Spain 
 
 

prospective 
cohort study, 
single centre 

to determine relative effect of 
external and internal factors on 
ED efficiency; 
ED overcrowding defined as 
accumulation of patients to be 
seen at ED 

mean waiting time for visit mean waiting time of 3 
patients who accumulated 
longest waiting times to be 
seen 

ED times throughput predictive 

Miro,134 
Spain  
 
 

prospective 
cohort study, 
single centre 

to evaluate whether quality 
markers used to assess outcomes 
of emergency care modified by 
ED overcrowding; 

number of weekly ED visits number of patients registered 
at ED per week 

ED patient 
volumes 
overall 
 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

ED crowding defined as volume 
of ED patients between 701 and 
800 per week; ED overcrowding 
defined as a volume of ED 
patients >800 per week 

number of patients who 
leave ED without being seen 
by physician 

number of patients who left 
ED after registering in ED 
but before being examined 
by physician 

LWBS throughput predictive 

rate of patient arrival at ED number of arrivals per hour 
at ED for study period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

number of patients waiting 
after being seen 

number of patients waiting 
for admission or discharge 
after being seen in treatment 
and observation areas  

access block output evaluative 

number of patients waiting 
to go to in-hospital bed 
(patient flow) 

not described access block output evaluative 

number of patients waiting 
to find in-hospital bed 
(patient flow) 

not described access block output evaluative 

number of patients waiting 
for investigations outside ED 
(patient flow) 

not described ED patient 
waiting 
volumes 

output evaluative 

number of patients waiting 
for relatives (patient flow) 

not described ED patient 
waiting 
volumes 

output evaluative 

number of patients waiting 
for social worker (patient 
flow) 

not described ED patient 
waiting 
volumes 

output evaluative 

number of patients waiting 
for ambulance (patient flow) 

not described ED patient 
waiting 
volumes 

output evaluative 

number of patients waiting 
to be seen 

patients waiting to enter 
initial assessment area 
cubicle for medical 
assistance after initial triage 
interview 

ED patient 
waiting 
volumes 

throughput evaluative 

Miro,135 
Spain 
 
 

before-and-
after study, 
single centre 

to evaluate internal factors 
influencing patient flow, 
effectiveness, and overcrowding 
in ED; to evaluate effects of ED 
reorganization on these 
indicators; 
ED overcrowding defined as any 
3-hour period with more than 
certain number (15 or 24) of 
patient arrivals at ED; lack of 
capacity in treatment and 
observation area reduced flow of 
patients into initial assessment 
area 

number of patients being 
seen 

number of patients being 
seen in initial assessment 
area 
 

ED patient 
volumes 

throughput evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

number of patients waiting 
for doctor (patient flow) 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
for test results (patient flow) 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
for outcome (patient flow) 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
for specialist (patient flow) 

not described ED patient 
waiting 
volumes 

throughput evaluative 

waiting time to be seen mean of waiting times of 3 
patients waiting to enter 
initial assessment area 
cubicle for longest time 
(with highest cumulative 
waiting times) 

ED times throughput evaluative 

number of patients who 
LWBS by physician 

number of patients who 
LWBS by physician per hour 

LWBS throughput evaluative 

Murray,136 
Canada 
 
 

randomized 
controlled 
trial,  
single centre 

to evaluate whether introduction 
of point-of-care testing can result 
in reduced lengths of stay in ED; 
ED overcrowding not defined 

ED LOS interval between triage and 
disposition from ED 

ED times throughput evaluative 

number of >12-hour trolley 
waits 

not described ED patient 
waiting 
volumes 

output evaluative 

average number of 4-hour to 
12-hour trolley waits 

number of patients who 
waited between 4 and 12 
hours on trolleys 

ED patient 
waiting 
volumes 

output evaluative 

percentage of ED admissions 
waiting >4 hours 

proportion of patients 
waiting >4 hours for 
admission 

access block output evaluative 

NHS 
Modernisation 
Agency,137 
UK  
 
 

before-and-
after study,  
multicentre 

to describe effects of composite 
intervention to improve flow of 
emergency admissions; 
ED overcrowding not defined 
 

percentage of patients 
waiting over target waiting 
time from decision to admit 
to admission 
 
 

not described access block output evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

percentage of patients 
waiting over target waiting 
time for ED triage 

not described ED patient 
waiting 
volumes 

throughput evaluative 

percentage of patients 
waiting over target waiting 
time from triage to 
examination by ED staff 

not described ED patient 
waiting 
volumes 

throughput evaluative 

percentage of patients 
waiting over target waiting 
time from examination to 
decision to admit 

not described ED patient 
waiting 
volumes 

throughput evaluative 

total patients registered per 
day 

not described ED patient 
volumes 
overall 

throughput predictive 

ED LOS time from triage to discharge ED times throughput evaluative 

Partovi,138 
US 
 
 

controlled 
trial,  
single centre 

to determine whether faculty 
triage activities can shorten ED 
LOS; 
ED overcrowding not defined 
 patients who LWBS number of patients who 

failed to respond to ≥3 calls 
to be brought into ED 
evaluation and treatment 
area 

LWBS throughput evaluative 

waiting time time from triage to treatment ED times throughput evaluative 
triage time time from sign-in to triage ED times throughput evaluative 
treatment time time from treatment to 

disposition 
ED times throughput evaluative 

Paulson,139 
US  
 
 

before-and-
after study,  
single centre 

to compare waiting time and 
number of patients who LWBS 
between triage systems that use 
nurses versus unlicensed assistive 
personnel; 
ED overcrowding not defined 
 

number of patients who 
LWBS 

not described LWBS throughput evaluative 

waiting time time for client to be seen by 
health care practitioner and 
to begin treatment beyond 
first aid 

ED times throughput discriminative 
or descriptive 

Purnell,140 
US  
 
 

cross-
sectional 
study,  
multicentre 

to describe systematically 
characteristics that address 
waiting time in ED; 
ED overcrowding not defined 
 turnaround time waiting time for laboratory 

to draw blood or for patients 
to be transported to X-ray 

ED times throughput discriminative 
or descriptive 

Reeder,141 
US  
 
 

prospective 
cohort study,  
single centre 
 

to measure physician’s and 
nursing staff’s objective 
assessments of ED overcrowding; 
to compare agreement of this 
assessment between physician 

bed ratio (number of patients in 
ED+predicted arrivals− 
predicted departures)orED 
spaces 
 

ED 
administration 

throughput discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-74 

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

acuity ratio ∑(triage category) (number 
at each category)/number of 
patients 

ED 
administration 

throughput discriminative 
or descriptive 

demand value (bed ratio+provider ratio) x 
acuity ratio 

ED 
administration 

throughput discriminative 
or descriptive 

provider ratio arrivals per houror∑patients 
seen per hour for each 
physician 

ED 
administration 

throughput discriminative 
or descriptive 

and nursing staff; to compare 
Real-Time Emergency Analysis 
of Demand Indicators (READI) 
scores with ED staff perceptions 
of ED demand and capacity; 
ED overcrowding defined as 
demand value [(bed 
ratio+provider ratio) x acuity 
ratio]>7 staff perception of ED 

demand 
perception on whether 
demands on current 
resources exceed available 
resources 

ED 
administration 

throughput discriminative 
or descriptive 

Rehmani,142 
Pakistan  
 
 

retrospective 
cohort study,  
single centre 

to quantify extent of ED 
overcrowding; to analyze some 
specific causes of ED 
overcrowding and possible 
solutions; 
ED overcrowding present when 
delay in transfer of admitted 
patients from ED to hospital bed 
is >4 hours 

number of patients who stay 
>6 hours 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

patients wait >30 minutes to 
see physician 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

patients wait >60 minutes to 
see physician 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

all beds filled >6 hours per 
day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

patients placed in hallways 
>6 hours per day 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

waiting room filled >6 hours 
per day 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

Richards,3 
US  
 
 

cross-
sectional 
study,  
multicentre 

to survey directors of ED on their 
opinions of extent and factors 
associated with ED 
overcrowding; 
ED overcrowding definitions 
provided by survey respondents 
according to number of patients 
who wait for certain period to see 
physician; when all ED beds are 
filled for more than certain period 
per day; when patients placed in 
hallways for more than certain 
period per day; when physicians 
feel rushed for more than certain 
period per day emergency physicians felt 

rushed >6 hours per day 
not described ED 

administration 
throughput discriminative 

or descriptive 
number of access block 
cases 

number of access block 
cases per day 

access block output discriminative 
or descriptive 

Richardson,143 
Australia 
 

retrospective 
cohort study,  
single centre 

to determine if association exists 
between daily access block and 
ED performance; waiting time time from arrival to seeing ED times throughput predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

doctor 
assessment time time from seeing doctor to 

leaving ED 
ED times throughput predictive 

 ED overcrowding defined 
according to presence of access 
block, which is referred as 
situation where ED patients 
requiring in-patient care are 
unable to gain access to hospital 
wards for prolonged periods 

access block assessment time >8 hours for 
any case leading to in-patient 
admission 

ED times throughput discriminative 
or descriptive 

access block total time from arrival to 
transfer from ED >8 hours 

ED LOS throughput predictive Richardson,144 
Australia  
 
 

retrospective 
cohort study,  
single centre 

to investigate relationship 
between access block in ED and 
in-patient LOS; 
ED overcrowding not defined 
 

total ED time difference to nearest minute 
between recorded time of 
arrival in ED and recorded 
time of transfer to ward 

ED LOS throughput predictive 

Richardson,145 
Australia 
 
 

prospective 
cohort study, 
single centre 

to prospectively confirm 
increased average ward LOS in 
access block patients, in setting 
where access block is identified at 
time of admission; 
ED overcrowding defined 
according to presence of access 
block, situation where patients in 
ED are unable to gain timely 
access to appropriate in-patient 
beds 

access block total ED time >8 hours ED LOS throughput discriminative 
or descriptive 

number of presentations in 
ED 

not described ED patient 
volumes 
overall 

input predictive 

access block proportion of admissions 
spending >8 hours in ED 

access block output predictive 

ED performance proportion of patients seen 
within certain time threshold 

ED 
administration 

throughput discriminative 
or descriptive 

Richardson,146 
Australia  
 
 

retrospective 
cohort study, 
single centre 

to use multivariate approach to 
identify causes of ED waiting 
time performance; to seek 
threshold for inadequate 
performance; 
ED overcrowding not defined 
 

patient care time mean daily occupancy with 
patients being treated 

ED times throughput predictive 

ED performance proportion of patients 
waiting less than triage time 
threshold each day 

ED 
administration 

throughput discriminative 
or descriptive 

Richardson,147 
Australia  
 
 

prospective 
cohort study, 
single centre 

to prospectively assess total daily 
patient care time as predictor of 
waiting time performance in ED; 
ED overcrowding defined 
according to ED performance 
above threshold 

total daily patient care time time from treatment start to 
departure from ED 

ED LOS throughput predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

ED patient volumes not described ED patient 
volumes 
overall 

input evaluative Rinderer,151 
US  
 
 

before-and-
after study,  
single centre 

to evaluate aspects of operations 
for quality improvement to reduce 
ED LOS for patients; to 
determine which factors could 
improve flow of patients through 
ED; 
ED overcrowding not defined 

LOS per visit not described ED times throughput evaluative 

percentage of patients 
discharged in 4 hours 

not described ED patient 
volumes 

output evaluative 

percentage of patients 
admitted in 4 hours 

not described ED patient 
volumes 

output evaluative 

percentage of patients 
triaged within 15 minutes 

percentage of patients 
assessed within 15 minutes 

ED patient 
volumes 

throughput evaluative 

percentage of patients seen 
within 1 hour of arrival 

not described ED patient 
volumes 

throughput evaluative 

percentage of patients 
discharged within 1 hour 

not described ED patient 
volumes 

throughput evaluative 

time to see doctor or 
emergency nurse 

average wait to see doctor or 
nurse 

ED times throughput evaluative 

Rogers,152 
UK  
 
 

before-and-
after study,  
single centre 

to assess effectiveness of “see and 
treat” system on waiting times for 
patients attending ED with minor 
injuries and illnesses; 
ED overcrowding not defined 
 

average total time in ED not described ED times throughput evaluative 
Ross,153 
US 
 
 

retrospective 
cohort study, 
single centre 

to determine impact of 1 ED 
observation unit bed on in-patient 
bed availability; 
ED overcrowding not defined 

ED LOS not described ED LOS throughput discriminative 
or descriptive 

volume of patient 
admissions to ED 

not described 
 

ED patient 
volumes 
overall 

input predictive Rotstein,154 
Israel  
 
 

before-and-
after study,  
single centre 

to formulate dynamic statistical 
model to forecast need for 
allocating additional medical staff 
to improve efficacy of work in 
ED; 
ED overcrowding not defined 

LOS not described ED LOS throughput evaluative 

daily elopement rates not described LWBS throughput evaluative 
LAMA rates not described. LAMA throughput evaluative 

Ruoff,155 
US  
 
 

before-and-
after study,  
single centre 

to determine if physician-assisted 
triage to provide early evaluation 
and treatment of patients in 
waiting area will decrease LWBS 
or LAMA rates, and improve 
throughput and patient 
satisfaction; 
ED overcrowding not defined 
 

ED LOS not described ED LOS throughput evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting time to see doctor not described ED times throughput evaluative Ryan,156 
US  
 
 

controlled 
trial, 
multicentre 

to investigate whether formal 
triage system reduced ED waiting 
times; 
ED overcrowding not defined 

waiting time to see nurse not described ED times throughput evaluative 

number of diversions to 
other hospitals 

not described ambulance 
diversion 

input evaluative 

average daily attendance rate not described ED patient 
volumes 
overall 

input evaluative 

mean total patients’ LOS at 
ED 

not described ED times throughput evaluative 

Salazar,157 
Spain  
 
 

before-and-
after study,  
single centre 

to analyze influence of 
multicomponent intervention at 
ED to alleviate crisis from annual 
Christmas ED overcrowding; 
ED overcrowding described as 
situation where patients have to 
stay in ED until beds become 
available number of patients who 

LWBS by physician 
not described LWBS throughput evaluative 

waiting time to be seen not described ED times throughput evaluative 
LOS not described ED LOS throughput evaluative 
rate of patients LWBS not described LWBS throughput discriminative 

or descriptive 
number of visits not described ED patient 

volumes 
overall 

input discriminative 
or descriptive 

Sanchez,158 
Spain  
 
 

before-and-
after study,  
single centre 

to assess whether fast track area 
able to improve ED performance; 
ED overcrowding not defined 

emergent patient rate not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

turnaround time interval from time order for 
test is written until result is 
reviewed 

ED times throughput evaluative 

within laboratory turnaround time from accessioning to 
report release 

ED times throughput evaluative 

turnaround: collecting time 
(pre-analytic phase) 

time from written test order 
to specimen collection 

ED times throughput evaluative 

turnaround: sending time 
(pre-analytic phase) 

time from specimen 
collection to placement in 
pneumatic tube 

ED times throughput evaluative 

turnaround: transporting 
time (pre-analytic phase) 

time from transit in 
pneumatic tube to laboratory 

ED times throughput evaluative 

Saxena,159 
US  
 
 

before-and-
after study,  
single centre 

to determine whether creation of 
dedicated stat laboratory in ED 
would improve turnaround times; 
ED overcrowding not defined 

turnaround: accessioning 
time (pre-analytic phase) 

time from arrival in laboratory 
to completion of accessioning 
as recorded in computer 

ED times throughput evaluative 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

turnaround: processing 
(analytic phase) 

time from accession time to 
specimen placement in 
analyzer 

ED times throughput evaluative 

turnaround: analyzing time 
(analytic phase) 

time from placement in 
analyzer to completion of 
test result 

ED times throughput evaluative 

turnaround: computing time 
(analytic phase) 

time from completion to 
entry and release in 
computer 

ED times throughput evaluative 

turnaround: acknowledging 
time (post-analytic phase) 

time from result release in 
computer to physician 
review of results on 
computer terminal 

ED times throughput evaluative 

Schaefer,160 
US 
 
 

before-and-
after study,  
multicentre 

to investigate whether emergency 
medical technicians could 
decrease ED use by patients with 
non-urgent concerns who use 911 
by appropriately identifying and 
triaging them to alternative care 
destination; 
ED overcrowding not defined 

number of ED visits not described ED patient 
volumes 
overall 

input evaluative 

number of hours on 
diversion 

number of hours where 
following conditions met: no 
available in-patient beds, no 
available ICU beds, 40% of 
beds in ED occupied by in-
patients, delays in evaluation 
of waiting-room patients>4 
hours 

ambulance 
diversion 

input discriminative 
or descriptive 

Schneider,161 
US 
 
  

retrospective 
cohort study,  
multicentre 

to provide descriptive analysis of 
attempted solutions and outcomes 
for ED overcrowding; 
ED overcrowding not defined 

time from decision to admit 
to leave for in-patient room 

not described access block output discriminative 
or descriptive 

ambulance diversion time on diversion for study 
period 

ambulance 
diversion 

input discriminative 
or descriptive 

time in boarding mean time of patients 
boarding episodes for study 
period 

access block output discriminative 
or descriptive 

Schneider,162 
US 
 
 

cross-
sectional 
study,  
multicentre 

to assess feasibility of point 
prevalence study to assess degree 
of crowding in hospital ED; to 
measure degree of physical 
crowding and personnel shortage; 
physical ED crowding defined as 
having more patients in ED than 
treatment rooms 

number of in-patients 
boarding in ED 

mean of patients boarded in 
ED for study period 
 

access block output discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-79

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

number of patients per 
treatment space 

mean number of patients per 
treatment spaces for certain 
period  

ED patient 
volumes 

throughput discriminative 
or descriptive 

nurse staffing ratio for ED 
critical beds 

patient to nurse ratio for ED 
critical beds 

ED 
administration 

throughput discriminative 
or descriptive 

nurse staffing ratio for 
routine ED beds 

patient to nurse ratio for ED 
routine beds 

ED 
administration 

throughput discriminative 
or descriptive 

physician staffing ratio number of patients per 
physician at a time in ED 

ED 
administration 

throughput discriminative 
or descriptive 

routine use of halls for 
treatment spaces 

frequency of use of halls or 
non-clinical space for patient 
care 

ED 
administration 

throughput discriminative 
or descriptive 

LOS not described ED LOS throughput discriminative 
or descriptive 

number of patients waiting 
for on-call consultants 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

number of patients per 
treatment space 

number of patients placed in 
determined treatment space 
to receive patient 

ED patient 
volumes 

throughput discriminative 
or descriptive 

LOS from treatment to 
release 

time from treatment to ED 
discharge (minutes) 

ED times throughput discriminative 
or descriptive 

LOS (admission) time of admission in ED ED times throughput discriminative 
or descriptive 

Schreck,163 
US 
 
 

computer 
simulation 
model, 
single centre 

to develop chaotic dynamics 
artificial neural network computer 
model that predicts patient LOS 
in ED queuing system; 
ED overcrowding not defined 

patient LOS in ED not described ED LOS throughput discriminative 
or descriptive 

Schull,164 
Canada  
 
 

before-and-
after study,  
multicentre 

to determine impact of systematic 
hospital restructuring on ED 
overcrowding; 
ED was considered overcrowded 
during periods of ambulance 
diversion; moderate: redirect 
consideration (defined as no 
ambulances accepted except those 
with critically ill patients); severe: 
critical care bypass (defined as no 

total time for ED 
overcrowding 

total time (in minutes) on 
ambulance diversion (per 
month): (T/D x 1,440 x ED) 
where T=total minutes of 
overcrowding at all EDs in 
month, D=number of days in 
month, 1,440=number of 
minutes in day, and 
ED=number of open EDs in 
month 

ambulance 
diversion 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

ambulances accepted) total monthly volume of ED 
patients 

not described ED patient 
volumes 
overall 

input predictive 

ambulance diversion not described ambulance 
diversion 

input discriminative 
or descriptive 

admitted patients held in ED number of admitted patients 
held in ED 

access block output predictive 

assessment time time from registration to 
admission order 

ED times throughput predictive 

Schull,31 
Canada  
 
 

prospective 
cohort study, 
single centre 

to determine relationship between 
physician, nurse, and patient 
factors on ED overcrowding; 
ED overcrowding defined as 
ambulance diversion 

holding time time from admission order to 
ED departure 

access block output predictive 

ambulance diversion not described ambulance 
diversion 

input discriminative 
or descriptive 

number of admitted patients 
held in ED 

not described access block output predictive 

holding time time from admission order to 
ED departure 

access block output predictive 

Schull,165 
Canada  
 
 

prospective 
cohort study, 
single centre 

to determine relationship between 
physician, nurse, and patient 
factors on ED overcrowding; 
ED overcrowding defined as 
ambulance diversion 

assessment time time from registration to 
admission 

ED times throughput predictive 

total volume of ED visits not described ED patient 
volumes 
overall 

input predictive 

surges in number of newly 
arriving ambulance and 
ambulatory patients 

not described ED patient 
volumes 
overall 

input predictive 

number of admitted patients 
held in ED 

not described access block output predictive 

ED consult response time not described ED times throughput predictive 

Schull,2 
Canada  
 
 

qualitative or 
Delphi study, 
Multicentre 

to develop operational definition 
and parsimonious list of 
postulated determinants for urban 
ED overcrowding; 
several operational definitions of 
ED overcrowding discussed: 
ambulance diversion, ED 
workload measures, LOS of 
admitted patients in ED, patients 
with urgent triage codes who 
LWBS, average times before 
being seen by nurse or physician, 
and occupancy rate of ED 
stretchers; ambulance diversion 
considered to be appropriate 
proxy measure for ED 
overcrowding 

ED consult response times not described ED times throughput predictive 

Schull,166 
Canada  
 

retrospective 
cohort study, 
multicentre 

to determine whether greater 
ambulance diversion associated 
with longer prehospital delays for 

overcrowding level percentage of time per 
month spent with redirect 
consideration status or 

ambulance 
diversion 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

 patients with chest pain; 
ED overcrowding defined 
according to percentage of time 
per month spent on redirect 
consideration status or critical 
care bypass status, defined as 
redirect consideration (ED able to 
accept only critically ill or injured 
patients arriving by ambulance); 
all other ambulance patients 
should be referred by ambulance 
dispatcher, where possible and 
feasible, to emergency units in 
catchment area that have normal 
status; critical care bypass: 
emergency unit cannot accept 
critically ill or injured patients by 
ambulance, as patient care will be 
compromised; all ambulance 
patients redirected to ED in 
catchment area that have normal 
status or redirect consideration 
status 

critical care bypass 

boarded patients number of admitted patients 
boarded in ED 

access block output predictive 

volume of walk-in patients not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ambulance-delivered 
patients 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

assessment time time from registration to 
admission order 

ED times throughput discriminative 
or descriptive 

boarding time time from admission order to 
ED departure 

access block output discriminative 
or descriptive 

Schull,167 
Canada  
 
 

prospective 
cohort study, 
single centre 

to determine relationship between 
physician, nurse, and patient 
factors on ED use of ambulance 
diversion; 
ED overcrowding defined 
according to criteria for episodes 
of ambulance diversion 

total duration in minutes of 
ambulance diversion 

total minutes on redirect 
consideration or critical care 
bypass during 8-hour 
interval 
 

ambulance 
diversion 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

total patient volume sum of walk-in and 
ambulance-delivered 
patients 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Schull,168 
Canada  
 
 

retrospective 
cohort study, 
multicentre 

to determine effect of 
simultaneous ambulance 
diversion at multiple EDs on 
transport delays for patient with 
chest pain; 
ED considered to be overcrowded 
during periods of ambulance 
diversion; moderate: redirect 
consideration (no ambulances 
accepted except those with 
critically ill patients); severe: 
critical care bypass (no 
ambulances accepted) 

gridlock time daily duration of episodes 
where all ED in city 
quadrant simultaneously 
diverting ambulances 

ambulance 
diversion 

input predictive 

Schull,169 
Canada  
 
 

retrospective 
cohort study, 
single centre 

to study effect of one input factor 
(community influenza outbreak) 
on ED crowding; 
ED crowding present when 
throughput or output in ED 
cannot keep pace with inputs 

weekly duration of critical 
care bypass 

duration of highest level of 
ambulance diversion during 
which all ambulances 
diverted to other ED 

ambulance 
diversion 

input discriminative 
or descriptive 

total number of ED visits per 
week 

not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

Schull,170 
Canada  
 
 

retrospective 
cohort study, 
multicentre 

to examine mechanism behind 
association between influenza 
season and ED crowding; 
ED overcrowding not defined percentage of ED visits by 

diagnosis 
number of patients per week 
(by diagnostic group) 
divided by total number of 
all ED patients for week 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

network crowding percentage of EDs that were 
diverting ambulances on 
patient registration 

ambulance 
diversion 

input predictive 

proportion of patients with 
“delayed” door-to-needle 
time 

proportion of patients with 
door-to-needle time between 
30 and 60 minutes 

ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

proportion of patients with 
“major delay” in door-to-
needle time 

proportion of patients with 
door-to-needle time >60 
minutes 

ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

Schull,171 
Canada  
 
 

retrospective 
cohort study,  
multicentre 

to estimate effect of ED 
overcrowding on door-to-needle 
time for patients given 
intravenous thrombolysis for 
suspected acute myocardial 
infarction; 
ED overcrowding defined as 
situation where ED was diverting 
ambulances 

door-to-needle time time from ED registration to 
drug administration 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

overall ED LOS not described ED times throughput evaluative 
time from arrival to time to 
be seen by doctor 

not described ED times throughput evaluative 

turnaround times: time from 
order input to examination 

not described ED times throughput evaluative 

turnaround times: time from 
order input to interpreted 
results in ED 

not described ED times throughput evaluative 

time spent by ED patients 
waiting for radiological 
examinations 

not described ED times throughput evaluative 

Sedlak,172 
US 
 
 

before-and-
after study,  
single centre 

to evaluate effects of multi-
component intervention to 
overcome hurdles associated with 
ED overcrowding; 
ED overcrowding not defined 

number of patients who 
LWBS 

not described LWBS throughput evaluative 

Shih,173 
Taiwan 
 
 

prospective 
cohort study, 
single centre 

to quantify extent of ED 
overcrowding; 
ED overcrowding present when 
ED is filled with patients needing 
admission, but who cannot leave 
ED because of unavailability of 
in-patient beds 

number of patients with 
prolonged LOS 

proportion of patients with 
LOS >72 hours in ED 

ED patient 
volumes 

throughput discriminative 
or descriptive 

total time in ED not described ED LOS throughput evaluative 
total time spent with ED 
practitioners 

not described ED times throughput evaluative 
Shrimpling,174 
UK  
 
 

before-and-
after study,  
single centre 

to assess effect of implementing 
senior triage team on waiting 
times for all ED patients; 
ED overcrowding not defined waiting times throughout ED not described ED times throughput evaluative 

arrival rate of ED care 
patients 

number of patients arriving 
at ED per hour 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

inter-arrival time time between subsequent 
arrivals 

ED times input discriminative 
or descriptive 

percentage of patients 
requiring blood tests and X-
rays 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

percentage of patients 
requiring blood tests only 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

percentage of patients 
requiring X-rays only 

not described ED patient 
volumes 

throughput discriminative 
or descriptive 

Siddharthan,175 
US 
 
 

prospective 
cohort study,  
single centre 

to investigate effect of congestion 
and resulting increases in service 
times for emergency provision 
from improper use of ED; 
ED overcrowding not defined 

average service time average time elapsing 
between registering in ED 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

and discharge 
average waiting time for ED 
admission 

not described ED times throughput discriminative 
or descriptive 

patient evaluation time total time spent by 
physicians and nurses in 
bedside care and in 
consultation with specialists 

ED times throughput discriminative 
or descriptive 

time for tests (blood) average times for ordering, 
administration, and return of 
blood test results 

ED times throughput discriminative 
or descriptive 

time for tests (X-ray) average times for ordering, 
administration, and return of 
X-ray results 

ED times throughput discriminative 
or descriptive 

total time for tests (weighted 
by percentage) 

not described ED times throughput discriminative 
or descriptive 

patient care time (weighted) sum of patient evaluation 
time and weighted total 
times (weighted by 
percentage of patients in 
each category) for tests 

ED times throughput discriminative 
or descriptive 

average service rate 1 divided by total care time ED times throughput discriminative 
or descriptive 

total waiting time average service time − 
patient care time (weighted) 

ED times throughput discriminative 
or descriptive 

waiting time in ED total waiting time − average 
waiting time for ED 
admission 

ED times throughput discriminative 
or descriptive 

Simon,176 
US 
 
 

retrospective 
cohort study, 
single centre 

to examine value of fast track 
system for triage accuracy and 
turnaround times in ED; 
ED overcrowding not defined 

turnaround time total time from triage to 
discharge 

ED times throughput evaluative 

ambulance diversion 
episodes 

number and duration of all 
diversion episodes at EDs in 
Emergency Medical Service 
(EMS) system within 
defined period (week, 
month, year) 

ambulance 
diversion 

input discriminative 
or descriptive 

Solberg,4 
US 
 
 
 

qualitative or 
Delphi study,  
multicentre 
 
 

to identify measures of ED 
overcrowding and hospital 
workflow that would be of value 
in understanding, monitoring, and 
managing overcrowding; 
ED overcrowding not defined 
 
 

ambulance diversion 
requests denied and forced 

number of diversion requests 
denied or forced openings 

ambulance 
diversion 

input discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-85

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

openings within defined period (week, 
month, year) 

diverted ambulance patient 
description 

chief complaints and final 
destination of diverted EMS 
patients within defined 
period (week, month, year) 

ambulance 
diversion 

input discriminative 
or descriptive 

percentage of open 
appointments 

percentage of open 
appointments at beginning of 
day in ambulatory care 
clinics that serve ED’s 
patient population 

ED 
administration 

input discriminative 
or descriptive 

ED patient volume, 
standardized for bed hours 

number of new patients 
registered within defined 
period (hour, shift, day) ÷ 
number of ED bed-hours 
within this period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ED patient volume, 
standardized for annual 
average 

number of new patients 
registered within defined 
period ÷ annual mean 
number of new patients 
registered within this period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ED ambulance patient 
volume, standardized for 
bed-hours 

number of new ambulance 
patients registered within 
defined period ÷ number of 
ED bed-hours within this 
period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

ED ambulance patient 
volume, standardized for 
annual average 

number of new ambulance 
patients within defined 
period ÷ annual average of 
new ambulance patients 
registered within this period 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

patient complexity as 
percentage of ambulance 
patients 

percentage of patients 
registering at ED in defined 
period (shift, day, week, 
month) who arrived by 
ambulance 

ED patient 
volumes 
overall 

input discriminative 
or descriptive 

average EMS waiting time total time at hospital for 
ambulances delivering 
patients to ED during 
defined period (shift, day, 

ambulance 
diversion 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

week, month) ÷ number of 
ambulance deliveries within 
that period 

boarding burden mean number of ED patients 
waiting for inpatient bed 
within defined period ÷ 
number of staffed ED 
treatment areas 

access block output discriminative 
or descriptive 

ED admission transfer rate number of patients 
transferred from ED to 
another facility who would 
normally have been admitted 
within defined period ÷ 
number of ED admissions 
within this period 

ED 
administration 

output discriminative 
or descriptive 

observation unit census mean number of available 
ED observation beds at 
defined time ÷ number of 
staffed ED observation beds 

ED 
administration 

output discriminative 
or descriptive 

ED volume or hospital 
capacity ratio 

number of new ED patients 
within defined period 
(shiftorday) ÷ number of 
available hospital beds at 
beginning of analysis period 
overall and by bed type 

ED 
administration 

output discriminative 
or descriptive 

ED boarding time mean time from in-patient 
bed request to physical 
departure of patients from 
ED overall and by bed type 
within defined period (shift, 
day, week) (bed type=ICU, 
telemetry, psychiatry, ward) 

ED times output discriminative 
or descriptive 

ED boarding time 
components 

mean time from in-patient 
bed request to physical 
departure of patients from 
ED by bed type by 
component (bed assignment, 
bed cleaning, transfer 
arrival) within defined 
period 

ED times output discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

summary workload, 
standardized for ED bed-
hours 

summary of (patients treated 
× acuity) in defined period 
(shift, day, week) ÷ number 
of ED bed hours within this 
period 

ED 
administration 

throughput discriminative 
or descriptive 

summary workload, 
standardized for registered 
nurse staff-hours 

summary of (patients treated 
× acuity) in defined period 
(shift, day, week) ÷ total ED 
staff registered nurse-hours 
within this period 

ED 
administration 

throughput discriminative 
or descriptive 

summary workload, 
standardized for physician 
staff-hours 

summary of (patients treated 
× acuity) in defined period 
(shift, day, week) ÷ total ED 
staff physician-hours within 
this period 

ED 
administration 

throughput discriminative 
or descriptive 

patient disposition to 
physician staffing ratio 

number of patients admitted 
or discharged per staff 
physician during defined 
period (shift, day, week) 

ED 
administration 

throughput discriminative 
or descriptive 

ED occupancy rate total number of ED patients 
registered at defined time ÷ 
number of staffed treatment 
areas at that time 

ED patient 
volumes 
overall 

throughput discriminative 
or descriptive 

ED occupancy total number of patients 
present in ED at defined 
time ÷ number of staffed 
treatment areas at that time 

ED patient 
volumes 
overall 

throughput discriminative 
or descriptive 

ED throughput time average time between patient 
sign-in and departure 
(separately for admitted 
versus discharged patients) 
within defined period (day, 
week, month) 

ED times throughput discriminative 
or descriptive 

ED bed placement time mean interval between 
patient sign-in and 
placement in treatment area 
within defined period (shift, 
day, week, month) 

ED times throughput discriminative 
or descriptive 

ED ancillary service 
turnaround time 

average time between 
physician order and result 

ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

report (separately for each 
service area) within defined 
period (shift, day, week, 
month) 

percentage of patients who 
leave without treatment 
complete 

number of registered patients 
who leave ED without 
treatment complete ÷ total 
number of patients who 
register during this period 

LWBS throughput discriminative 
or descriptive 

leave without treatment 
complete severity 

average severity of patients 
who leave ED without 
treatment complete within 
defined period (shift, day, 
week) 

LWBS throughput discriminative 
or descriptive 

ED patient volume not described ED patient 
volumes 
overall 

input discriminative 
or descriptive 

median patient waiting room 
time interval 

time from triage to patient 
room 

ED times throughput evaluative 

ED throughput times not described ED times throughput evaluative 

Spaite,177 
US 
 
 

before-and-
after study,  
single centre 

to describe application of process-
improvement team approach to 
evaluate and redesign ED patient 
flow; 
ED overcrowding not defined 

number of patients who 
LWBS 

not described LWBS throughput evaluative 

number of patients treated 
and discharged within 20 
minutes 

not described ED patient 
volumes 

throughput evaluative 

time to triage not described ED times throughput evaluative 
time to see doctor not described ED times throughput evaluative 
time to radiology not described ED times throughput evaluative 
time to discharge not described ED times throughput evaluative 

Subash,178 
UK  
 
 

controlled 
trial,  
single centre 

to evaluate whether 3 hours of 
combined doctor and nurse triage 
would lead to earlier medical 
assessment, and treatment in ED; 
to determine whether this benefit 
would carry on for rest of day 
when normal triage is resumed; 
ED overcrowding not defined 

time to nurse discharge not described ED times throughput evaluative 
ED patient census not described ED patient 

volumes 
overall 

input discriminative 
or descriptive 

all ED beds occupied >6 
hours per day 

not described ED 
administration 

throughput discriminative 
or descriptive 

Swafford,179 
US  
 
 

cross-
sectional 
study,  
multicentre 

to identify effects of ED 
overcrowding on emergency 
medicine (EM) resident education 
as perceived by chief residents in 
EM; 
ED overcrowding definitions 
provided by survey respondents 
according to number of patients 

patients remain in hallways 
for >6 hours per day 
 

not described ED 
administration 

throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting rooms filled >6 
hours per day 

not described ED 
administration 

throughput discriminative 
or descriptive 

frequency of overcrowding ED residents’ perception of 
number of times per week 
when any definition of 
overcrowding met 

ED 
administration 

system discriminative 
or descriptive 

proportion of patients 
waiting >60 minutes to see 
physician 

not described ED patient 
waiting 
volumes 

throughput discriminative 
or descriptive 

who wait >60 minutes to see 
physician; when all ED beds 
filled for >6 hours per day; when 
patients are placed in hallways for 
>6 hours per day; when 
physicians feel rushed for >6 
hours per day; when waiting 
rooms are filled >6 hours per day 

ED physicians feel rushed 
>6 hours per day 

not described ED 
administration 

throughput discriminative 
or descriptive 

time from triage to room not described ED times throughput evaluative Takakuwa,180 
US 
 
 

before-and-
after study,  
single centre 

to evaluate effect of bedside 
registration on patient encounter 
times; 
ED overcrowding not defined 

time from room to 
disposition 

not described ED times throughput evaluative 

number of patients waiting 
to be seen for triage 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
to be seen for minors 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
to be seen for majors 

not described ED patient 
waiting 
volumes 

throughput evaluative 

number of patients waiting 
to be seen (overall) 

not described ED patient 
waiting 
volumes 

throughput evaluative 

Terris,181 
UK  
 
 

controlled 
trial, 
single centre 

to assess whether initial patient 
consult by senior clinicians 
reduces numbers of patients 
waiting to be seen at ED; 
ED overcrowding not defined 

number of patients who had 
to wait >4 hours to see 
doctor 

not described ED patient 
waiting 
volumes 

throughput evaluative 

ED diversion episodes number of times when ED 
can no longer accept all or 
specific types of patients by 
ambulance 

ambulance 
diversion 

input discriminative 
or descriptive 

time on diversion mean days per month in 
which period of ED 
diversion occurred 

ambulance 
diversion 

input discriminative 
or descriptive 

The Lewin 
Group,182 
US 
 
 

cross-
sectional 
study, 
multicentre 

to gather US representative data 
on perceptions of ED volume and 
capacity, diversion rates, reasons 
for diversion, impact on service 
levels, volume trends, and volume 
of uninsured patients visiting ED; 
ED overcrowding described as a 
situation where ED hospitals 
perceive they are “at” or “over” 

ED visit volume not described ED patient 
volumes 

input discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

overall 
average time waiting for 
transfer from ED to acute or 
critical care bed 

not described access block output discriminative 
or descriptive 

average time waiting for 
transfer from ED to bed 

not described access block output discriminative 
or descriptive 

waiting time for treatment average waiting time for 
treatment by physician or 
other provider 

ED times throughput discriminative 
or descriptive 

operating capacity 

average LOS in ED 
treatment area 

not described ED times throughput discriminative 
or descriptive 

LOS for admitted patients not described ED times throughput evaluative 
LOS for discharged patients not described ED times throughput evaluative 

Toncich,183 
Australia  
 
 

before-and-
after study,  
single centre 

to determine usefulness of Health 
Care Improvement interventions 
to improve process times in ED; 
ED overcrowding not defined 

LOS for total ED patients not described ED times throughput evaluative 

number of hours on 
diversion 

total of hours in which 
hospitals requested that 
ambulances bypass EDs and 
transport patients who would 
have been otherwise taken to 
those EDs to other medical 
facilities 

ambulance 
diversion 

input discriminative 
or descriptive 

average number of hours of 
patients boarding 

average number of hours that 
patients waited to leave ED 
after decision to admit or 
transfer made 

access block output discriminative 
or descriptive 

percentage of patients 
boarded in ED for ≥2 hours  

percentage of patients who 
were boarded for ≥2 hours; 
boarding defined as situation 
where decision to admit or 
transfer emergency patient 
has been made, and patient 
waits to leave ED for certain 
period  

access block output discriminative 
or descriptive 

US General 
Accounting 
Office,184 
US 
 
 

cross-
sectional 
study,  
multicentre 

to evaluate to what extent 
hospitals in US metropolitan 
areas are experiencing crowding 
in ED; to evaluate what factors 
contribute to ED crowding; to 
describe actions that hospitals and 
communities have taken to 
address crowding; 
3 indicators of ED crowding 
chosen: diversion, boarding, and 
leave before medical evaluation 

proportion of patients who 
left before medical 
evaluation 

number of patients who left 
after triage but before 
medical evaluation as 
percentage of ED visits 
 

LWBS throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

waiting time for triage not described ED times throughput discriminative 
or descriptive 

waiting time for physician 
assessment 

not described ED times throughput discriminative 
or descriptive 

Uy,185 
Canada  
 
 

prospective 
cohort study, 
single centre 

to evaluate patient flow patterns 
and system bottlenecks in ED 
from patient arrival to initial 
physician assessment; 
ED overcrowding not defined waiting time to enter 

examination cubicle 
not described ED times throughput discriminative 

or descriptive 
total of ED visits not described ED patient 

volumes 
overall 

input discriminative 
or descriptive 

Vertesi,186 
Canada  
 
 

retrospective 
cohort study, 
single centre 

to quantify resource implications, 
in terms of stretcher use and 
waiting times, related to non-
urgent patient visits; to estimate 
potential impact on ED flow of 
redirecting these patients to 
alternative primary care settings; 
ED overcrowding not defined 

time for available stretchers average time to placement 
for patients requiring 
stretcher 

ED times output discriminative 
or descriptive 

diversion hours hours of ED diversion at 
facilities 

ambulance 
diversion 

input evaluative 

number of diverted patients number of patients diverted 
from facilities 

ambulance 
diversion 

input evaluative 

ED census not described ED patient 
volumes 
overall 

input evaluative 

Vilke,187 
US  
 
 

before-and-
after study, 
multicentre 

to evaluate effect of staying off 
ED diversion; 
ED overcrowding not defined 

ambulance runs number of patients arriving 
by ambulance 

ED patient 
volumes 
overall 

input evaluative 

time on diversion number of hours on 
diversion 

ambulance 
diversion 

input evaluative 

number of diverted patients total number of patients who 
requested particular ED but 
were taken to another ED 
because of diversion status 

ambulance 
diversion 

input evaluative 

bypass hours number of hours on 
diversion 

ambulance 
diversion 

input evaluative 

Vilke,188 
US 
 
 

before-and-
after study, 
multicentre 

to evaluate community 
intervention to reduce ambulance 
diversion from ED; 
ED overcrowding not defined 

ED visits number of ED visits ED patient 
volumes 
overall 

input evaluative 

mean waiting time to 
examination 

not described ED times throughput discriminative 
or descriptive 

Waldrop,189 
US 
 
 

prospective 
cohort study, 
single centre 

to examine effectiveness of 
established ED triage system in 
predicting admissions and 
determining waiting time to 

time to admission or 
discharge 

not described ED times throughput discriminative 
or descriptive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

examination; 
ED overcrowding not defined 

number of patients triaged 
who deserted before 
examination 

not described LWBS throughput discriminative 
or descriptive 

ED census volume not described ED patient 
volumes 
overall 

input evaluative 

total burden of ambulance 
diversion status 

sum of times in total 
ambulance divert and total 
critical care divert time 

ambulance 
diversion 

input discriminative 
or descriptive 

total ambulance divert time total cumulative time on 
ambulance diversion in 
category of total ambulance 
divert 

ambulance 
diversion 

input discriminative 
or descriptive 

Warden,190 
US  
 
 

retrospective 
cohort study, 
multicentre 

to evaluate amount of ambulance 
diversion in EMS system; to 
investigate potential predictive 
factors of ambulance diversion; 
ED overcrowding not defined 

total critical care divert time total cumulative time on 
ambulance diversion in 
category of total critical care 
divert 

ambulance 
diversion 

input discriminative 
or descriptive 

present diversion status if ED is on diversion ambulance 
diversion 

input predictive 

number of patients in 
waiting room 

not described ED patient 
waiting 
volumes 

input predictive 

number of patients at triage not described ED patient 
volumes 

input predictive 

number of patients at 
registration 

not described ED patient 
volumes 

input predictive 

number of patients awaiting 
beds 

not described access block output predictive 

number of patients awaiting 
transfer out 

not described access block output predictive 

number of patients awaiting 
consults 

not described ED patient 
waiting 
volumes 

output predictive 

number of full rooms not described ED 
administration 

throughput predictive 

longest time in ED since 
admission 

not described access block output predictive 

Weiss,30 
US 
 
 

cross-
sectional 
study, 
single centre 

to develop and pilot sampling 
form that accurately reflects 
concept of ED overcrowding; 
ED overcrowding defined as 
situation where all available beds 
in ED are full; patients placed in 
ED hallways because there are no 
in-patient beds available; number 
of hours ED is closed because of 
saturation or on diversion to 
ambulance traffic; waiting room 
is full; ED physicians feel rushed; 
waits to see physician are >1 hour 

longest time in ED for 
admitted patient since 

not described ED LOS throughput predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

registration 
number of hallway patients not described ED patient 

volumes 
throughput predictive 

number of patients on 
ventilators 

not described ED patient 
volumes 

throughput predictive 

total patients registered not described ED patient 
volumes 
overall 

throughput predictive 

number of patients awaiting 
computer tomographic scans 

not described ED patient 
waiting 
volumes 

throughput predictive 

number of patients awaiting 
X-rays 

not described ED patient 
waiting 
volumes 

throughput predictive 

longest time in ED for ED 
patient 

not described ED times throughput predictive 

wait from registration until 
called from waiting room 

not described ED times throughput predictive 

wait from triage time until 
called from waiting room 

not described ED times throughput predictive 

time from X-ray order until 
call for X-ray 

not described ED times throughput predictive 

laboratory turnaround time 
for blood tests 

not described ED times throughput predictive 

charge nurse opinion on ED 
overcrowding 

5-point Likert-like scale to 
indicate nurses’ point of 
view on degree of 
overcrowding 

ED 
administration 

throughput discriminative 
or descriptive 

ED physician opinion on ED 
overcrowding 

5-point Likert-like scale to 
indicate physicians’ point of 
view on degree of 
overcrowding 

ED 
administration 

throughput discriminative 
or descriptive 

ED physician feeling of 
being rushed 

5-point Likert-like scale to 
indicate physicians’ point of 
view on feeling of being 
rushed 

ED 
administration 

throughput discriminative 
or descriptive 

combined variable on ED 
overcrowding based on staff 
perceptions 

average responses of nurses 
and physicians’ opinions of 
ED overcrowding and 

ED 
administration 

throughput discriminative 
or descriptive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-94 

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

physicians’ feeling of being 
rushed; cut off of 3.0 to 
indicate overcrowding 

number of patients signed in 
who eventually LWBS 

not described LWBS throughput discriminative 
or descriptive 

NEDOCS score measure of ED 
overcrowding 

ED 
administration 

system predictive 

number of patients registered not described ED patient 
volumes 
overall 

input predictive 

Weiss,191 
US 
 
 

retrospective 
cohort study, 
single centre 

to evaluate whether LWBS can be 
predicted using validated scale for 
academic ED overcrowding, 
number of ambulances that arrive, 
and number of patients signing in 
at registration; 
ED overcrowding defined 
according to National ED 
Overcrowding Study (NEDOCS) 
score 

number of ambulances that 
arrived 

not described ED patient 
volumes 
overall 

input predictive 

24 hours diversion how many hours out of last 
24 ED has been on diversion 

ambulance 
diversion 

input predictive 

time on diversion percentage of time on 
diversion at ED 

ambulance 
diversion 

input predictive 

time on community 
diversion plan 

percentage of time on 
community diversion plan 

ambulance 
diversion 

input predictive 

ED numbers in waiting room number of patients in 
waiting room divided by 
number of ED beds 

ED patient 
waiting 
volumes 

input predictive 

ED numbers at triage number of patients waiting 
to be seen at triage 

ED patient 
waiting 
volumes 

input predictive 

ED numbers at registration number of patients waiting 
to be seen at registration 

ED patient 
waiting 
volumes 

input predictive 

number of patients awaiting 
admission (flow of patients 
out of ED) 

number of patients awaiting 
admission divided by 
number of hospital beds 

access block output predictive 

number of patients waiting 
transfer out (flow of patients 
out of ED) 

number of patients waiting 
to be transferred to another 
facility 

access block output predictive 

number of patients awaiting 
consults (flow of patients out 
of ED) 

patients who had been 
managed by ED and waiting 
consults 

ED patient 
waiting 
volumes 

output predictive 

Weiss,23 
US 
 
 
 

cross-
sectional 
study,  
multicentre 
 
 

to develop screening tool to 
determine degree of ED 
overcrowding in hospital ED; to 
validate model to predict ED 
overcrowding; to quantitatively 
describe ED staff’s sense of 
overcrowding; 
ED overcrowding not defined 
 
 

bed time longest time in ED for 
admitted patient since 

access block output predictive 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-95

Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

admission 
number of full ED rooms not described ED 

administration 
throughput predictive 

number of ED hallway 
patients 

not described ED patient 
volumes 

throughput predictive 

number of doubled-up 
patients 

number of extra patients 
filling beds placed in rooms 
that are beyond room’s 
normal capacity 

ED patient 
volumes 

throughput predictive 

total ED patients number of patients in ED 
beds: sum of full rooms, 
hallway, and doubled-up 
patients divided by number 
of ED beds 

ED patient 
volumes 
overall 

throughput predictive 

number of patients awaiting 
computer tomographic scans 
(number of patients waiting 
for more tests) 

not described ED patient 
waiting 
volumes 

throughput predictive 

number of patients awaiting 
radiographs (number of 
patients waiting for more 
tests) 

not described ED patient 
waiting 
volumes 

throughput predictive 

number of patients on 
ventilators 

number of intubated severely 
ill patients who were 
admitted but were not yet 
moved to intensive care beds 

ED patient 
volumes 

throughput predictive 

time awaiting laboratory 
tests 

time from laboratory test 
order until completed 

ED times throughput predictive 

ED time longest time in ED for ED 
patient since registration 

ED times throughput predictive 

admit time longest time in ED for 
admitted patient since 
registration 

ED times throughput predictive 

registration time time from registration until 
called from waiting room 

ED times throughput predictive 

triage time time from triage until called 
from waiting room 

ED times throughput predictive 

time to complete tests time when last laboratory 
test or radiograph was being 

ED times throughput predictive 
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Study  Design Objectives Measures Description Type of 
Measure 

Measure 
Category 

Purpose 

done related to time at which 
it was ordered 

time awaiting X-ray time from X-ray order until 
called for X-ray 

ED times throughput predictive 

ED physician opinion on 
overcrowding 

6-point Likert-like scale: 
1=not busy, 6=dangerously 
overcrowded, overcrowding: 
3 to 4 cut-off 

ED 
administration 

throughput discriminative 
or descriptive 

ED physician feeling of 
being rushed 

6-point Likert-like scale: 
1=not being rushed, 
6=dangerously rushed 

ED 
administration 

throughput discriminative 
or descriptive 

charge nurse opinion on ED 
overcrowding 

6-point Likert-like scale: 
1=not busy, 6=dangerously 
overcrowded; overcrowding: 
3 to 4 cut-off 

ED 
administration 

throughput discriminative 
or descriptive 

composite score on ED 
overcrowding based on staff 
perceptions 

NEDOCS score (0=not busy, 
200=dangerously 
overcrowded); 
overcrowding: 100 points 

ED 
administration 

throughput discriminative 
or descriptive 

Winn,192 
US 
 
 

retrospective 
cohort study,  
single centre 

to determine if nurse ordering of 
diagnostic tests from triage 
protocols would decrease patient 
time in ED; 
ED overcrowding not defined 

ED LOS unit of time as measured 
from time of patient triage to 
time of patient discharge 
from ED 

ED LOS throughput evaluative 

time from disposition 
decision to actual departure 
from ED 

not described ED times output discriminative 
or descriptive 

time from ED entry 
(registration) to triage nurse 
assessment 

not described ED times throughput discriminative 
or descriptive 

time from triage assessment 
to nursing assessment 

not described ED times throughput discriminative 
or descriptive 

time from nursing 
assessment to physician 
assessment 

not described ED times throughput discriminative 
or descriptive 

Yoon,193 
Canada  
 
 

retrospective 
cohort study, 
single centre 

to identify and quantify principal 
ED patient care time intervals; to 
measure impact of important 
service processes on ED LOS for 
patients in different triage levels; 
ED overcrowding not defined 

time from physician 
assessment to disposition 
decision (admission or 
discharge) 

not described ED times throughput discriminative 
or descriptive 
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APPENDIX 8: Classification of Studies according to Variables 
 under Study 
Country 
US (79): 3, 4, 7, 23, 40, 44, 46–49, 51–54, 56, 58, 62, 66, 67, 70, 71, 74, 76–81, 83, 85, 86, 88, 95, 
98, 100, 101, 107, 109–111, 115, 119–122, 125, 127, 128, 130–132, 138-141, 151, 153, 155, 156, 
159-163, 172, 175–177, 179, 180, 182, 184, 187–192 
Canada (36): 2, 31, 35, 36, 39, 42, 55, 57, 61, 65, 68, 69, 75, 87, 91–93, 97, 103, 104, 106, 113, 114, 
117, 136, 164, 165–171, 185, 186, 193 
Australia (20): 24, 27, 59, 63, 64, 84, 90, 96, 99, 105, 126, 143–150, 183 
UK (12): 72, 73, 82, 102, 108, 123, 129, 137, 152, 174, 178, 181 
Spain (9): 6, 50, 89, 94, 134, 133, 135, 157, 158 
Other (13): 37, 38, 41, 43, 45, 60, 112, 116, 124, 118, 142, 154, 173  
 
Design 
Before-and-after study (52): 39, 41, 42, 53, 56, 57, 59, 60, 62, 64, 66, 67, 72, 74, 77, 82, 88, 91-93, 
105, 106, 110, 111, 114, 115, 118, 119, 121, 124, 125, 129, 130, 135, 137, 139, 151, 152, 154, 155, 
157-159, 160, 164, 172, 174, 177, 180, 183, 187, 188 
Prospective cohort study (40): 6, 7, 27, 36, 37, 31, 43, 46, 47, 49, 51, 52, 54, 58, 65, 68, 75, 81, 85–
87, 89, 90, 98, 101, 109, 112, 120, 127, 133, 134, 141, 145, 147, 165, 167, 173, 175, 185, 189 
Retrospective cohort study (38): 24, 48, 61, 63, 69, 73, 76, 83, 84, 96, 97, 100, 103, 104, 113, 126, 
128, 131, 132, 142, 143, 146, 148–150, 153, 161, 166, 168–171, 186, 190–192, 193 
Cross-sectional study (18): 3, 23, 30, 35, 38, 40, 44, 78–80, 94, 99, 122, 140, 162, 179, 182, 184 
Controlled trial (9): 45, 102, 107, 116, 138, 156, 176, 178, 181 
Computer simulation model (8): 50, 55, 70, 71, 95, 108, 123, 163 
Qualitative or Delphi study (2): 2, 4 
Randomized controlled trial (2): 117, 136 
 
Number of sites 
Single centre (124): 4, 6, 7, 9, 24, 27, 30, 31, 37–39, 41, 45, 48–60, 62, 65, 66, 67, 69–72, 76–78, 
81, 82–84, 86–95, 97, 98, 101–119, 120, 123–125, 127-136, 138, 139, 141–149, 151–155, 157–159, 
163, 165, 167, 169, 172–178, 180, 181, 183, 185, 186, 189, 191–193 
Multicentre (45): 2, 3, 4, 23, 35, 36, 40, 42–44, 46, 47, 61, 63, 64, 68, 73, 75, 79, 80, 85, 96, 99, 
100, 121, 122, 126, 137, 140, 150, 156, 160–162, 164, 166, 168, 170, 171, 179, 182, 184, 187, 188, 
190 
 
Operational definition of ED overcrowding 
Definition provided (52): 2, 3, 6, 7, 24, 27, 30, 31, 40, 43, 44, 58, 79, 80, 83–85, 89–91, 94, 97, 100, 
120, 122, 126, 128, 133–135, 141–143, 145, 147–150, 157, 162, 164, 165–169, 171, 173, 179, 182, 
184, 191 
Definition not provided (117): 4, 23, 35–39, 41, 42, 45–53, 54, 55, 56, 57, 59, 60–78, 81, 82, 86–
88, 92, 93, 95, 96, 98, 99, 101–119, 121, 124, 125, 127, 129, 130–132, 136–140, 144, 146, 151–156, 
158–161, 163, 170, 172, 174–178, 180, 181, 183, 185–190, 192, 193 
 
Measures to document ED overcrowding 
ED times (102 studies, 292 measures): 2, 4, 23, 30, 31, 38, 39, 41, 43–46, 48-51, 53–57, 59, 60, 62, 
65–72, 76, 81–84, 87, 88, 92–96, 98–102, 105, 107–112, 116–119, 122–129, 131, 133, 135, 136, 
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138–140, 143, 146, 149–152, 156–159, 162, 165, 167, 171, 172, 174–178, 180, 182, 183, 185, 186, 
189, 193 
ED volumes (overall) (67 studies, 85 measures): 2, 4, 6, 23, 24, 27, 30, 37, 38, 40, 43, 44, 46–48, 
51, 58, 60–62, 67, 75, 79, 81, 83, 84, 87, 89–91, 94, 97, 106, 110, 112, 115, 118, 119, 121–123, 131–
135, 138, 146, 148, 149, 151, 154, 157, 158, 160, 164, 167, 170, 175, 177, 179, 182, 186–188, 190, 
191 
ED patient waiting volumes (23 studies, 65 measures): 3, 4, 23, 24, 30, 37, 38, 43, 44, 48, 55, 60, 
62, 70, 72, 79, 80, 81, 83, 84, 86, 87, 90, 91, 94, 97, 110, 112, 114, 115, 122, 133–135, 137, 138, 149, 
151, 154, 160, 162, 164, 171, 179, 181, 186–188 
ED administration (22 studies, 59 measures): 3, 4, 7, 23, 27, 30, 46, 78, 79, 80, 89, 84, 100, 108, 
122, 141, 146–148, 162, 191 
ED patient volumes (32 studies, 56 measures): 3, 23, 24, 27, 30, 38, 47, 50, 63, 65, 66, 68, 73, 79, 
80, 86, 89, 90, 97, 104, 105, 113, 122, 133, 135, 142, 148, 152, 162, 173, 175, 178 
Access block (33 studies, 52 measures): 2, 4, 23, 30, 31, 40, 44, 46, 47, 51, 53, 63, 64, 86, 91, 96, 
113, 114, 122, 133, 135, 137, 143, 146, 148, 149, 161, 162, 165, 167, 182, 184 
Ambulance diversion (34 studies, 52 measures): 4, 23, 30, 31, 42, 46, 47, 51, 58, 63, 64, 85, 86, 
90, 91, 115, 120, 121, 131, 157, 161, 162, 164–169, 171, 182, 184, 187, 188, 190 
Left without being seen (39 studies, 40 measures): 4, 27, 46, 49, 53, 54, 56, 61, 62, 68, 74, 77, 83, 
84, 93, 99, 103, 104–106, 110, 115, 119, 127, 131, 132, 134, 135, 138, 139, 150, 155, 157, 158, 172, 
177, 184, 189, 191 
ED length of stay (29 studies, 31 measures): 30, 35, 36, 43, 45, 47, 52, 67, 69, 75, 96, 97, 103, 104, 
106, 113, 114, 130, 144, 145, 147, 153–155, 158, 162, 163, 174, 192 
Left against medical advice (3 studies, 3 measures): 68. 131, 155 
 
Category of measures 
Throughput (146 studies, 499 measures): 2–4, 7, 23, 24, 27, 30, 31, 35-39, 41, 43, 45–57, 59–63, 
65–77, 79–84, 86–90, 92–119, 122–124, 126–136, 138–159, 162, 163, 165, 167, 171–185, 189, 191–
193 
Input (80 studies, 143 measures): 2, 4, 6, 23, 24, 27, 30, 31, 37, 38, 40, 42–44, 46–48, 51, 58, 60–
64, 67, 68, 71, 79, 83–87, 89–91, 94, 97, 100, 106, 110, 112, 115, 118–123, 131, 133, 135, 146, 148, 
149, 151, 154, 157, 158, 160–162, 164–171, 175, 177, 179, 182, 184, 186–188, 190, 191 
Output (45 studies, 87 measures): 2, 4, 23, 30, 31, 40, 44, 46, 47, 51, 53, 63, 64, 70, 76, 83, 84, 86, 
90, 91, 96, 109, 110, 113, 114, 119, 122, 123, 127, 133, 135, 137, 143, 146, 148, 149, 152, 161, 162, 
165, 167, 182, 184, 186, 193 
System (5 studies, 6 measures): 46, 78, 89, 179, 191 
 
Purpose of measures 
Discriminative/descriptive (106 studies, 397 measures): 3, 4, 7, 23, 24, 27, 30, 31, 35, 36, 37, 38, 
40, 43, 44, 46, 48–51, 54, 58, 60–62, 65, 67, 68, 70, 71, 73, 75, 76, 78-81, 83-87, 89–91, 94–101, 
104, 106, 108–110, 112, 119–123, 126–128, 131–135, 140–143, 145–150, 153, 158, 161-167, 169–
171, 173, 175, 177, 179, 182, 184–186, 189–191, 193 
Evaluative (68 studies, 204 measures): 39, 41, 42, 45, 53, 56, 57, 59, 60, 62–64, 66, 67, 69, 72, 74, 
77, 82, 88, 91–93, 102, 103, 105–107, 110, 111, 113–119, 121, 124, 129, 130, 135–139, 151, 152, 
154–160, 172, 174, 176–178, 180, 181, 183, 187, 188, 190, 192 
Predictive (38 studies, 134 measures): 2, 6, 23, 27, 30, 31, 47, 51, 52, 54, 55, 58, 81, 86, 94, 108, 
119, 122, 126, 131–134, 138, 143, 144, 146–150, 164, 165, 167, 168, 171, 191 



 

Measuring Overcrowding in Emergency Departments: A Call for Standardization A-99

APPENDIX 9: First-round Delphi Questionnaire 

Measures of Overcrowding in Emergency Department 

This survey is intended to obtain your opinion of measures or indicators of overcrowding. A 
good indicator or measure of overcrowding will change as a result of changes in the state of 
overcrowding in an ED. For example, the third measure in the survey, “total ED volume,” is 
conceptualized in terms of the total number of patients in the ED including on stretchers, on 
chairs, in hallways, and in the waiting room. If the number of patients in the ED is a good 
indicator or measure, you should expect that this will change as the degree of overcrowding 
changes.  
 
We intend to use the information you provide to compose a list, based on the perception of 
clinicians with experience in emergency care, which contains the key measures that should 
be reported to reflect the status of overcrowding in EDs across Canada. This survey has 
been approved by the University of Alberta Research Ethics Board Panel B. No individual 
respondents or institutions will be identified in the results of this survey. 
 
The survey will take 10 to 15 minutes to complete. When you have finished, please save 
your copy of the survey using the original file name followed by _and your initials (for 
example: Delphi form_KB.doc). Return the file as an attachment to Ken Bond via e-mail 
(kenneth.bond@ualberta.ca) or complete the form, print it, and fax it to 780-407-6435. 
 
Please read the following 36 measures and their associated definitions. Choose the rating 
from the drop-down list that best represents each measure’s importance as an indicator of 
ED overcrowding. Also indicate whether your institution collects data for each measure.  
ED patient volumes 
How important are each of the following 
measures of patient volume as indicators of 
ED overcrowding? 

Importance of 
Measure 

Does your 
institution collect 
data for this 
measure? 

1. Patients in waiting room: number of patients 
occupying waiting room including those to be 
discharged 

Click here to choose 
 Yes   No  

 
       Don’t know 

2. Patients at triage: number of patients who 
are awaiting triage Click here to choose 

 Yes   No 
  

  Don’t know 
3. Total ED patients: number of patients in ED 
including on stretchers, on chairs, in hallways, 
and in waiting room 

Click here to choose
 Yes   No 

   
  Don’t know 

4. Total ED volume: number of patients 
presenting to ED over a set period (day, week, 
month, or year) 

Click here to choose
 Yes   No 

  
  Don’t know 

5. Percentage of time ED at or above stated 
capacity: percentage of time of day that ED 
has more patients than stated bed capacity 

Click here to choose
 Yes   No 

   
  Don’t know 

ED times   
7. Time from triage to placement: in minutes 
or hours from assignment of triage category to 
placement in treatment area 

Click here to choose 
 Yes   No 

   
  Don’t know 

8. Time from triage to bedside nurse: in 
minutes or hours from assignment of triage 

Click here to choose 
 Yes   No 
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category to bedside nurse assessment   Don’t know 
9. Time from triage to emergency physician 
(EP): in minutes or hours from assignment of 
triage category to examination by emergency 
physician 

Click here to choose 
 Yes   No 

   
   Don’t know 

10. Time from EP assessment to disposition: 
in minutes or hours from beginning of 
emergency physician assessment to 
disposition (consult or admission or discharge) 

Click here to choose 
 Yes   No 

   
  Don’t know 

11. Time from consult to disposition decision: 
in minutes or hours from beginning of 
consultant assessment to disposition (admit or 
discharge) 

Click here to choose 
 Yes   No 

   
  Don’t know 

12. Time from bed request to bed assignment: 
in minutes or hours taken from admission 
decision to bed assignment (admitted patients 
only) 

Click here to choose 
 Yes   No 

   
  Don’t know 

13. Time from bed ready to transfer to ward: 
in minutes or hours taken from admission 
assignment to leaving department (admitted 
patients only) 

Click here to choose 
 Yes   No 

   
  Don’t know 

14. Time from waiting room to patient care 
area in ED: move from waiting room to patient 
care area in ED 

Click here to choose 
 Yes   No 

   
  Don’t know 

15. Time from diagnostic imaging (DI) order 
to imaging done (stratified by DI modality 
such as X-ray, CT): from DI order to receipt of 
result in patient care area (excludes time 
taken for physician to recognize results are 
available) 

Click here to choose 
 Yes   No 

   
  Don’t know 

16. Time from laboratory order to laboratory 
result returned: from laboratory order to 
receipt of result in patient care area (excludes 
time taken for physician to recognize result is 
available) 

Click here to choose 
 Yes   No 

   
  Don’t know 

17. Longest time in ED for ED patient since 
registration: maximum time spent in ED from 
triage to assessment during previous 24 hours 

Click here to choose 
 Yes   No 

   
  Don’t know 

18. Longest time in ED for admitted patient 
since admission during last 24 hours 

Click here to choose 
 Yes   No 

  Don’t know 
19. Total time in ED (ED LOS): from first 
triage assessment to leaving department (to 
floor for admissions or discharge) 

Click here to choose 
 Yes   No 

   
  Don’t know 

Diversion status   
20. Number of hours out of last 24 on 
ambulance diversion: situation in which 
ambulances are diverted away from ED and 
redirected to other hospitals 

Click here to choose 
 Yes   No 

   
  Don’t know 

21. Percent of set time (day or month) spent 
on ambulance diversion 

Click here to choose 
 Yes   No 

  Don’t know 
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ED staffing   
22. Number of ED nurses: hours per day of 
nursing coverage (e.g., 4 nurses working 12 
hours each=48 hours per day) 

Click here to choose 
 Yes   No 

   
  Don’t know 

23. Number of attending emergency 
physicians: hours per day of emergency 
physician coverage (e.g., 4 physicians working 
8 hours each=32 hours per day) 

Click here to choose 
 Yes   No 

   
  Don’t know 

24. Number of staffed acute-care beds: active 
beds staffed and “open” in hospital (does not 
relate to capacity to expand) 

Click here to choose 
 Yes   No 

   
  Don’t know 

25. Overall bed occupancy: overall proportion 
of acute-care beds occupied by patients 
(measured on daily basis) 

Click here to choose 
 Yes   No 

   
  Don’t know 

26. Average and range of patients per hour 
seen by EP: number of patients seen by EP 
during ED shift 

Click here to choose 
 Yes   No 

   
  Don’t know 

ED administration   
27. Bed ratio: (current ED patients+predicted 
arrivals−predicted departures)/treatment 
areas 

Click here to choose 
 Yes   No 

   
  Don’t know 

28. Provider ratio: arrivals per hour/sum of 
patients per hour for each physician 

Click here to choose 
 Yes   No 

  Don’t know 
29. CTAS categories 2 and 3: using CTAS 
scoring system, this acuity measure would 
examine percentage of patients in CTAS 
categories 2 and 3. 

Click here to choose 
 Yes   No 

   
  Don’t know 

30. CTAS categories 4 and 5: using CTAS 
scoring system, this acuity measure would 
examine percentage of patients in CTAS 
categories 4 and 5. 

Click here to choose 
 Yes   No 

   
  Don’t know 

31. Admission proportions: overall proportion 
of emergency patients requiring admission to 
the hospital over period (month or year) 

Click here to choose 
 Yes   No 

   
  Don’t know 

32. Hours of physician coverage per 1,000 
patients seen or patients per hour of physician 
coverage: number of hours of physician 
coverage per 1,000 patients seen or patients 
per hour of physician coverage. 

Click here to choose 
 Yes   No 

   
   Don’t know 

33. Left without being seen (LWBS): patients 
who leave before being seen by physician 
(usually after triage assignment by nurse) 

Click here to choose 
 Yes   No 

   
  Don’t know 

34. Leave against medical advice (LAMA): 
patients who leave after being seen by 
physician, irrespective of admission status 

Click here to choose 
 Yes   No 

   
  Don’t know 

Measures of staff satisfaction or perception 
35. Nurse satisfaction: assessment of 
satisfaction of nurses working in ED as to their 
perception of impact of ED overcrowding on 
care provided 

Click here to choose 
 Yes   No 

   
   Don’t know 
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36. Physician satisfaction: assessment of 
satisfaction of emergency physicians working 
in ED as to their perception of impact of ED 
overcrowding on care provided 

Click here to choose 
 Yes   No 

   
   Don’t know 

Do you know of other measures that are good indicators of ED overcrowding, but that have 
not been listed here? Please type the indicator and its definition in the space provided 

below. Then, rate the measure. The boxes will expand to fit your text. This may offset the 
boxes, but it will not affect your ability to save or to return your responses. 

 Importance of 
Measure 

Does your institution 
collect data for this 

measure? 
Measure:       
Definition:       

Click here to choose 
 Yes   No 

  Don’t know 
Measure:       
Definition:       

Click here to choose 
 Yes   No 

       Don’t know 

Please complete the following demographic information: 

Age  (Please type)       

Gender  Click here to choose 

Position  
Click here to choose 
 If other, please specify       

Type of institution  Click here to choose 

ED visits per year  (Please type)       
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APPENDIX 10: Second-round Delphi Questionnaire 
 

Measures of Overcrowding in Emergency Department 
 
Dear «Name», 
 
Thank you for the input you have provided to date regarding the indicators of 
overcrowding. The first-round survey had a response rate of 84%! This part of the 
project is intended to obtain your opinion on the relative importance of the resulting top 
10 indicators of overcrowding from the first-round survey. As in the first round, we would 
like you to consider a good indicator of overcrowding as one that will change as a result 
of changes in the state of overcrowding in an ED. 
 
We intend to use the information you provide to compose a list, based on the perception 
of clinicians with experience in emergency care, which contains the key indicators that 
should be reported to reflect the status of overcrowding in EDs across Canada. This 
survey has been approved by the University of Alberta Research Ethics Board. No 
individual respondents or institutions will be identified in the results of this survey. 
 
When you have finished, please save your copy of the survey using the original file name 
followed by _and your initials (for example: Delphi2_KB.doc). Return the file as an 
attachment to Ken Bond via e-mail (kenneth.bond@ualberta.ca) or complete the form, 
print it, and fax it to 780-407-6435. 
 

The following table lists the 10 indicators of ED overcrowding that were rated most 
highly by the panel of 32 key informants who completed the first-round survey. The 
indicators are listed in order from most highly rated to least highly rated, according to 
their mean rating. The name and operational definition has been repeated for each 
indicator, and for the mean rating for each indicator (based on the seven-point scale) 
and the rating you assigned to each indicator. 
 
In the drop down box to the right of “How you rated this indicator” column, please 
assign each indicator a rank. This ranking will range from 1 to 10, where 1 means most 
important and 10 means least important; please use each number once. In the box 
furthest to the right, there is a space for comments. We would like you to give your 
reason for selecting the indicator that you rank as the most important and for the 
indicator that you rank as the least important. You may also comment on any other 
indicator that you choose. 
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R e l a t i v e  i m p o r t a n c e  o f  i n d i c a t o r s  o f  E D  o v e r c r o w d i n g  
Mean group 

rating 
How you rated 
this indicator Rank 1. Percentage of ED occupied by in-patients 

(“EIP”) (indicator 6): percentage of patients 
in ED who have been admitted, but have not 
been transferred to ward because of lack of 
bed availability 

6.53 «q06» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 2. Total ED patients (indicator 3): number of 

patients in ED including on stretchers, on 
chairs, in hallways, and in waiting room  6.35 «q03» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 3. Overall bed occupancy (indicator 25): 

proportion of acute-care beds occupied by 
patients (indicated on daily basis)  6.19 «q25» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 4. Total time in ED (ED LOS) (indicator 19): 

from first triage assessment to leaving 
department (to floor for admissions or 
discharge) 

6.16 «q19» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 5. Percentage of time ED at or above stated 

capacity (indicator 5): percentage of time of 
day that ED has more patients than stated 
bed capacity 

6.16 «q05» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 6. Time from bed request to bed assignment 

(indicator 12): minutes or hours taken from 
admission decision to bed assignment 
(admitted patients only) 

6.06 «q12» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 7. Time from triage to EP (indicator 9): 

minutes or hours from assignment of triage 
category to examination by emergency 
physician 

5.84 «q09» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 8. MD satisfaction (indicator 36): 

assessment of satisfaction of EPs working in 
ED as to their perception of impact of ED 
overcrowding on care provided 

5.84 «q36» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 9. Time from bed ready to transfer to ward 

(indicator 13): minutes or hours taken from 
admission assignment to leaving 
department (admitted patients only) 

5.53 «q13» --- 

Comments: 
      

Mean group 
rating 

How you rated 
this indicator Rank 10. Number of staffed acute care beds 

(indicator 24): active beds staffed and 
“open” in hospital (does not relate to 
capacity to expand) 5.53 «q24» --- 

Comments: 
      

 
 




