Supplementary table 1- Description of studies included
	Study
	Years studied
	Country
	Type of study
	Population studied
	Variable measured
	Outcome measured
	Findings
	Quality of study

	Akhtar1
	2014
	Qatar
	Retrospective analysis of stroke registry
	894 patients with Stroke
	ED LOS 
	Mortality
Quality of care (Hospital LOS)
	ED LOS <8 hours was associated with lower hospital LOS in-hospital mortality (1.5% vs. 5.4 %)
	Good

	Al-Qathani2
	2010-2012
	Saudi Arabia
	Retrospective analysis of prospectively collected data
	940 critically-ill patients
	Boarding Time 
	ICU and Hospital Mortality
	Boarding time of 6-24 and > 24 hours was associated with higher ICU and hospital mortality compared to < 6 hours. 
	Good

	Anneveld 3
	2012
	Netherland
	Survey 
	ED nurses and physicians
	NEDOCS
	Perception of care (perception of overcrowding)
	Moderate agreement between NEDOCS score and feeling overcrowded
	Good

	Bayley4
	1999-2000
	USA
	Prospective cohort 
	817 patients with chest pain
	Boarding time 
	Quality of care (Hospital LOS)
	No association between boarding time and hospital LOS
	Good

	Ben-Yakov5
	2003-2008
	Canada
	Retrospective cohort 
	9,759 patients with CVA or TIA
	ED LOS 
ED volume
	Mortality 
Quality of care

	No association between ED LOS and mortality 
Increases ED volume negatively impacts some quality metrics (TTE, neurology consultation, referral) but not all (brain imaging) 
	Good

	Berg6
	2009-2016
	Sweden
	Retrospective registry 
	705,699 adult patients
	ED LOS 
ED occupancy 
	Mortality 
	Higher ED LOS or occupancy associated with higher 10-day mortality 
	Good

	Bernstein7
	2002
	USA
	Prospective observational  
	Nurse and attending physician survey, 255 times over 5-week period
	EDWIN
	Perception of care (perception of overcrowding) Quality of care (LWOT, diversion status, return within 72 hours)
	EDWIN score correlated well with ED staff perception of overcrowding and diversion status.
EDWIN scores did not correlate well with LWOT and return within 72 hours
	Fair

	Bullard8
	2001-2007
	Canada
	Prospective observational
	362,488 adult patients
	ED Volume 
Boarding time  
	Quality of care (LWOT, timely care)
	Higher ED volume and boarding time associated with increased time from triage to physician and increased LWOT
	Good

	Carr9
	2003
	USA
	Retrospective case control
	509 intubated trauma patients
	ED LOS 
	Quality of care (Hospital LOS, pneumonia)
	Higher ED LOS was associated with higher risk of pneumonia and higher hospital LOS
	Good

	Chalfin10
	2000-2003
	USA
	Cross sectional analysis of administrative database
	50,332 critically-ill patients
	ED boarders  
	Mortality 
Quality of care (ICU and Hospital LOS)
	ED boarding time >6 hours was associated with higher hospital mortality, and higher LOS
	Good

	Chatterje11
	2005-2008
	USA
	Retrospective 
	253 patients with acute stroke
	ED number of boarders
ED occupancy
ED LOS 
Waiting room census
	Quality of care (timely care)
	Crowding associated with worse timeliness of care in patients presenting more than 3 hours after symptoms, but not those presenting within 3 hours.
	Good

	Derose12
	2008-2010
	USA
	Retrospective 
	136,740 patients
	ED boarding time
ED LOS
ED Occupancy
	Mortality 
Quality of Care (hospital LOS)
	No association with mortality 
Boarding time and ED LOS associated with higher hospital LOS
	Good

	Diercks13
	2003-2005
	USA
	Retrospective 
	42,780 patients with NSTEMI
	ED LOS 
	Mortality 
Quality care (recurrent MI, timely care) 
	No association with in hospital morality
ED LOS > 8 hours has higher risk of recurrent MI and appropriate timely medications
	Good 

	Epstein14
	2004
	USA
	Retrospective Cohort 
	533 patients with MI, asthma or dislocation
	ED occupancy 
EDWIN 
	Quality Care (medical errors)
	Highest quartiles had two-fold risk of having preventable medical errors compared to lowest quartile
	Good

	Fee15
	2004-2005
	USA
	Retrospective cross-sectional 
	405 patients with CAP
	ED Volume
ED Boarders
	Quality of care (timely care)
	ED volume and boarders increase associated with lower likelihood of receipt of antibiotics within 4 hours 
	Good 

	Fee16
	2005-2005
	USA
	Secondary analysis of retrospective cross-sectional 
	407 patients
	ED volume
	Quality of care (timely care)
	Ed volume associated with increased time to chest X-ray and time to antibiotics
	Good

	Gaieski17
	2010-2015
	USA
	Retrospective cohort
	2,913 patients with severe sepsis
	ED occupancy
ED LOS
ED Boarders
ED waiting room census
	Mortality
Quality of care (timely care)
	No association with mortality
Higher occupancy, ED LOS and boarders but not waiting room census associated with worse timely care.
	Good 

	Garcia-Romero18
	2014
	Colombia
	Prospective observational
	Medical staff, charge nurses
	NEDOCS
	Perception of care (perception of overcrowding)
	Moderate correlation between NEDOCS and subjective perception of overcrowding
	Good

	Gilligan19
	2004-2005
	UK
	Retrospective cohort analysis
	13,358 patients
	Boarding time
	Mortality 
Quality of care (MRSA infection)
	No independent association with mortality or MRSA infection
	Fair

	Guttman20
	2003-2007
	Canada
	Retrospective cohort analysis
	14,551,553 patients
	ED LOS
	Mortality 
Quality of care (LWOT)
	Increased ED LOS is associated with higher mortality rates
LWOT not associated with ED LOS
	Good 

	Han21
	2004-2007
	USA
	Before/ after expansion of ED study
	40,978 patients
	ED volume
ED occupancy
ED LOS
ED waiting room census
	Quality of Care
	ED Volume and waiting room census associated with shorter time to next ambulance diversion
ED occupancy and LOS showed no association
	Good

	Handel22
	2009
	USA
	Retrospective multicenter 
	614,106 patients
	ED occupancy
ED LOS
ED volume
	Quality of care (days of ambulance diversion)
	Higher ED volume and LOS associated with more days of ambulance diversion
	Good

	Harris23
	2007-2009
	USA
	Prospective observational
	210 patients with STEMI
	ED Occupancy
	Quality of care (timely care)
	No association between ED occupancy and time to balloon inflation 
	Good

	Hirschy24
	2013-2014
	USA
	Retrospective cohort analysis
	172 patients with severe sepsis or septic shock
	Boarding time (< 6 hours, 6 hours or more)
	Mortality
Quality of care (Hospital LOS)
	No association between boarding time and Mortality or LOS
	Fair

	Hong25
	2002-2005
	Taiwan
	Retrospective cohort analysis
	195 patients with necrotizing fasciitis
	Boarding time 
	Mortality
	Elevated boarding time associated with higher mortality
	Good

	Hong26
	2008-2010
	South Korea
	Retrospective observational analysis
	1296 patients with cardiac arrest
	ED volume 
	Mortality
Quality of care (timely care)
	Mortality and DRE were higher with higher ED volume
	Good

	Hoot27
	2006
	USA
	Prospective observational 
	7,948 observed periods
	ED occupancy 
EDWIN
NEDOCS
	Quality of care (ambulance diversion)
	NEDOCS, EDWIN and Occupancy ratio were associated with more ambulance diversion
	Good

	Hoot28
	2005-2006
	USA
	Prospective observational
	23,413 patients
	EDWIN 
NEDOCS
	Quality of care (ambulance diversion)
	EDWIN and NEDOCS had good predictive ability for ambulance diversion.
	Good

	Hwang29
	1997-1998
	USA
	Retrospective review of prospective cohort study
	158 patients ≥50 years old with hip fracture
	ED Occupancy 
ED LOS
	Quality of care (timely care)
	ED occupancy was associated with less timely documentation but neither occupancy nor LOS had an associating with timely care
	Fair

	Hwang30
	2005
	USA
	Retrospective cohort
	1,068 patients with pain
	ED volume
Number of boarders
Boarders’ occupancy
	Quality of care (timely care)
	High ED Volume and boarders were associated with less receipt of analgesics
And less timely documentation
No association with boarding occupancy
	Good

	Jang31
	2009-2013
	USA
	Retrospective cohort
	4,846 pediatric patients with asthma
	ED volume
	Quality of care (timely care)
	High ED volume associated with lower likelihood of getting Medications within 1 hour of arrival
	Good

	Jo32
	2008-2009
	South Korea
	Retrospective cohort

	477 adults with community-acquired Pneumonia
	ED occupancy
	Mortality
Quality of care (timely care)
	High ED occupancy associated with higher mortality, not associated with time to first antibiotic
	Good

	Jobe33
	2016
	Belgium
	Survey
	158 ED physicians and nurses 
	ED occupancy
NEDOCS
	Perception of care (perception of crowding)
	Association between high NEDOCS, high occupancy rate and perception of crowding
	Fair

	Jones34
	2006
	USA
	Survey
	135 sampling of one physician and one nurse
	Ed occupancy
EDWIN
NEDOCS
	Perception of care (perception of crowding)
	High ED occupancy, EDWIN and NEDOCS were correlated with perception of crowding
	Good

	Kang35
	2008-2012
	South Korea
	Prospective observational
	608 patients with out of hospital cardiac arrest
	ED occupancy
	Mortality
	No association between high ED occupancy and mortality 
	Good

	Kulstad36
	2007
	USA
	Prospective observational
	6,728 patients
	EDWIN
	Quality of care
	High EDWIN score was correlated with increase medication errors in the ED
	Good

	Kulstad37
	2007
	USA
	Retrospective cohort
	17 patients with acute myocardial infarction
	EDWIN
	Quality of care (timely care)
	High EDWIN was associated with longer time to balloon but no association with ECG or arrival to cath lab
	Good

	Lee38
	2007-2008
	Taiwan
	Prospective
	Teaching hospital (adults)
	NEDOCS
	Quality of care (blood culture contamination rate)
	Emergency department overcrowding may have an adverse impact on the quality of clinical care, including increasing the risk of blood culture contamination
	Good

	Liew39
	2000-2001
	Australia
	Retrospective cohort
	17,954 patients
	ED LOS
	Quality of care (timely care)
	High ED LOS was associated with high Hospital LOS
	Good

	Liu40
	2004-2005
	USA
	Retrospective cohort
	1,431 patients with chest pain, cellulitis, or pneumonia
	Boarding time
	Quality of care (timely care)
	Increased boarding time was associated with delay in home medications but not antibiotics, medication errors or adverse events
	Good

	Lord41
	2013-2015
	USA
	Prospective observational
	31,426 patients
	Number of boarders
	Mortality
Quality of care (RRT activation 
Escalation of care)
	Number of boarders was not associated with any outcome
	Good

	Mataloni42
	2012-2014
	Italy
	Retrospective
	47 ED, Lazio region, adults
	ED Volume
ED LOS
	Mortality 
Quality of care (hospitalization)
	EDV + ED LOS associated with increased risk 7-day hospitalization
EDLOS with increased mortality
	Good

	McCarthy 43
	2005
	USA
	Prospective observational
	93,840 patients
	ED occupancy
EDWIN
	Quality of care (LWOTS
Ambulance diversion)
	High ED occupancy and EDWIN correlated with LWOTS and Ambulance diversion hours
	Good

	McCarthy 44
	2005-2007
	USA
	Retrospective cohort
	235,928 patients
	ED occupancy
Number of boarders
	Quality of care (timely care)
	Number of ED boarders inversely correlated with time to treatment, ED occupancy correlated with time to treatment
	Good

	McCusker45
	2005
	Canada
	Retrospective cohort
	677,475 patients
	ED occupancy
ED Waiting room census
	Mortality 
Quality of care (return to ED)
	ED occupancy associated with higher mortality and return visits. Waiting room census associated with increased mortality and less return to ED
	Good

	Mills46
	2008-2009
	USA
	Prospective observational
	767 patients with abdominal pain
	ED volume
ED waiting room census
Number of boarders
	Quality of care (timely care)
	ED volume, waiting room census and number of boarders all associated with increased time from triage to CT read.
	Good

	Mills47
	2004-2005
	USA
	Retrospective Cohort
	976 patients with abdominal pain
	ED occupancy
ED LOS
ED Waiting room census
Number of boarders
	Time Quality of care (timely care)
	All measures were associated with delay to receive analgesia
	Good

	Miro48
	1995-1997
	Spain
	Retrospective cohort
	81,301 patients
	ED volume 
	Mortality
Quality of care (ED revisits)
	Correlation between ED volume and mortality rate but not ED revisits
	Good

	Momeni49
	2014
	Iran
	Prospective observational

	104 patients with stroke
	Ed occupancy
	Quality of care (timely care)
	No correlation between increased occupancy and time to physician visit, aspirin administration, ECG or time to CT.
	Fair

	Nippak50
	2007-2009
	Canada
	Retrospective cohort
	4743 patients
	ED LOS
	Quality of care (Hospital LOS)
	Longer ED LOS correlated with higher Inpatient LOS
	Fair

	Peltan51
	2013-2015
	USA
	Retrospective cohort
	3,572 patients with Sepsis
	ED volume
ED occupancy
Number of boarders
EDWIN
	Quality of care (timely care)
	ED volume, occupancy and EDWIN was associated with delay in antibiotic administration and lower likelihood of antibiotics within 3 hours. Number of boarders had no associations. 
	Good

	Pines52
	2003-2005
	USA
	Retrospective cohort
	694 patients with CAP
	ED waiting room number
ED boarding time
ED LOS
ED Volume
	Quality of care (timely care)
	ED waiting room census and LOS were associated with lower likelihood of antibiotics within 4 hours.
	Good

	Pines53
	2004
	USA
	Retrospective cohort
	Patients from 24 academic centers with Acute MI or Pneumonia
	ED LOS
ED Volume
	Quality of care (timely care)
	Increase in ED LOS was associated with decrease in proportion of patients receiving antibiotics within 4 hours. No association with time to PCI
	Good

	Pines54
	2008
	USA
	Retrospective cohort
	13,758 patients with severe pain
	ED waiting room census
ED occupancy
	Quality of care (timely care)
	ED waiting room census and occupancy are associated with delayed time to analgesia
	Good

	Pines55
	2006
	USA
	Survey
	2,064 patients, physicians and nursing surveys
	ED waiting room census
ED boarding time
	Perception of care
	ED waiting room census and number of boarders were associated with perception of compromised care.
	Good

	Pines56
	1999-2006
	USA
	Retrospective cohort
	4,574 patients with chest pain
	ED occupancy
ED waiting room census
ED boarders
ED boarding time
ED LOS
	Quality of care (adverse outcomes)
	Quality of Care (ECG, aspirin and beta blockers within 10 minutes of ED arrival) had no association with crowding measures. More adverse events occurred with higher waiting room census, LOS but not occupancy, boarders or boarding time
	Good

	Pines57
	2007-2009
	USA
	Retrospective cohort
	1,716 patients with asthma
	ED occupancy
ED waiting room census
ED boarders
ED LOS
	Quality of care (timely care)
	Ed occupancy, LOS, waiting room census, number of boarders associated with increased delays in receiving nebs and steroids
	Good

	Pines58
	2003-2007
	USA
	Retrospective cohort
	5,616 patients with back pain
	ED occupancy
ED waiting room census
ED boarders
ED LOS
	Quality of care (timely care)
	All ED crowding measures were associated with delay to receive analgesia
	Good

	Plunkett59
	2002-2008
	Ireland
	Retrospective cohort
	23,114 patients
	ED boarding time
	Mortality
	Time from admission for was independently associated of death within 30 days
	Good

	Raj60
	2004-2005
	Australia
	Prospective observational
	2,239 patients 
	NEDOCS 
	Perception of care
	There was little correlation between NEDOCS and perception of care. 
	Good

	Rathlev61
	2002-2003
	USA
	Retrospective cohort
	93,274 patients
	ED volume
	Quality of care (Hospital LOS)
	Number of ED admission was associated with higher hospital LOS
	Good

	Reznek62
	2014-2015
	USA
	Cross-sectional observational
	39,781 patients
	ED boarding time
	Mortality
	Association between boarding time and hospital mortality in non-ICU admitted patients but not ICU-admitted patients.
	Good

	Reznek63
	2014-2015
	USA
	Retrospective cohort
	463 patients with stroke
	ED occupancy 
	Quality of care (timely care)
	ED occupancy was associated with higher door-to imaging time
	Good

	Richardson64
	2002-2004
	Australia
	Retrospective cohort
	66,608 patients
	ED occupancy
	Mortality
	High occupancy associated with 10-day in hospital mortality 
	Good

	Richardson65
	2006-2007
	Australia
	Retrospective cohort
	437 patients with femoral neck fractures
	ED boarders
	Quality of care (timely care)
	Higher ED boarders associated with increased time to surgery
	Good

	Salehi66
	2015
	Canada
	Retrospective cohort
	13,872 patients
	ED LOS
ED boarding time
	Quality of care (timely care)
	ED LOS and boarding time associated with increased hospital LOS
	Good

	Schull67
	1999
	Canada
	Prospective observational
	37,999 patients
	ED boarders
ED boarding time
	Ambulance diversion
	ED boarders and boarding time associated with higher ambulance diversion.
	Good

	Shenoi68
	2006-2007
	USA
	Retrospective cohort
	232 pediatric patients with sickle cell disease
	ED volume
	Quality of care (timely care)
	High ED volume was associated with increased time to analgesia
	Good

	Shin69
	2008-2012
	South Korea
	Retrospective cohort
	770 patients with severe sepsis and septic shock
	ED Occupancy
	Quality of care (timely care)
	High Occupancy rates were associated with decreased compliance with sepsis bundle
	Good

	Sikka70
	2007-2008
	USA
	Retrospective cohort
	262 patients with CAP
	ED Occupancy
	Quality of care (timely care)
	High Occupancy rates correlated with longer time to antibiotics and lower likelihood to receive antibiotics within 4 hours
	Fair

	Sills71
	2007-2008
	USA
	Retrospective cohort
	927 pediatric patients with asthma
	ED Occupancy
	Quality of Care
	High occupancy rates associated with decreased timeliness and effectiveness of beta-agonists and corticosteroids 
	Good

	Sills72
	2007-2008
	USA
	Retrospective cohort
	1,229 pediatric patients with acute long bone fractures
	Ed Occupancy
	Quality of care (timely care)
	High occupancy rates associated with decreased timeliness and effectiveness of analgesia administration
	Good

	Singer73
	2005-2008
	USA
	Retrospective cohort
	41,256 patients
	ED boarding time
	Mortality
Quality of care (timely care)
	Ed boarding time was associated with higher mortality and hospital LOS
	Good

	Sprivulis74
	2000-2003
	Australia
	Retrospective cohort
	62,495 patients
	Ed occupancy
	Mortality
	Higher occupancy rates associated with increased mortality
	Fair

	Sri-on75
	2004-2005
	USA
	Retrospective cohort
	1,431 patients
	ED boarding time
	Quality of care (timely care)
	Higher occupancy associated with more delayed home medications, antibiotics administrations and more adverse events
	Good

	Tsai76
	2008-2013
	Taiwan
	Retrospective cohort
	785 patients with strokes
	ED volume 

	Quality of care (timely care)
	ED crowding not associated with delayed door-to-needle time, predicted delayed door-to-assessment time & door-to-CT scan time in thrombolysis-eligible stroke patients. Number of attending physicians affected initial assessment and door-to-CT scan times, whereas the number of nurses impacted thrombolytic administration times
	Good

	Van der Linden77
	2014-2015
	Netherlands
	Retrospective cohort
	39,110 patients
	ED Occupancy
	Mortality
Quality of care 
	Higher occupancy associated with delayed care but not higher mortality
	Good

	Van der Linden78
	2016
	Netherlands
	Prospective observational survey
	2,166 nurse & ED physician surveys 
	Modified NEDOCS
	Perception of care (perception of crowding)
	Modified NEDOCS correlated well with perception of crowding. 
	Good

	Verelst79
	2010-2012
	Belgium
	Retrospective cohort
	108,229 patients 
	ED occupancy
	Mortality
Quality of Care
	Higher occupancy associated with higher hospital LOS, trend towards more hospital acquired pneumonia, but not higher mortality
	Good

	Wang80
	2013
	USA
	Prospective observational
Survey
	6,854 patients and 88 surveys of physicians and nurses
	NEDOCS
	Quality of care (LWOT), Perception of care (perception of crowding)
	No association between crowding and LWOT or low agreement with perception of crowding
	Good

	Wang81
	2015-2016
	USA
	Prospective observational

	117,442 patients
	ED occupancy
EDWIN
NEDOCS
	Quality of care (LWOT)
	All measures are associated with higher LWOT
	Good

	Ward82
	2015
	USA
	Retrospective cohort
	Patients with STEMI 
	ED LOS
	Quality of care (timely care)
	Increased ED LOS associated with higher but insignificant door-in-door-out times 
	Good

	Watts83
	2009
	USA
	Prospective observational
	1171 patients in a community hospital
	ED occupancy
Diversion Status

	Quality of care (medication errors)
	Error frequency remained relatively constant across the range of crowding when controlling for patient volume via the quantity of orders reviewed. No significant correlation with ED occupancy or diversion status
	Good

	Weiss84
	Study published 2002
	USA
	Survey
	Urban academic ED
	Perception of clinicians
ED volume
Waiting room census 
Number of boarders
	Perception of care (feeling of being rushed)
	The number of people in the waiting room, patients awaiting triage, patients awaiting registration, full patient rooms, hallway patient, patients awaiting beds, and total registered patients correlated with feeling of being rushed
	Fair

	Weiss85
	2002
	USA
	Survey
	8 academic medical centers
	ED volume
ED Waiting Room number
Number of boarders
Boarding time
	Perception of care (feeling of being rushed)
	Results of a five-question reduced model are valid and accurate in predicting the degree of overcrowding in academic centers. Study to develop NEDOCS too
	Fair

	Weiss86
	2003
	USA
	Prospective observational
	1 large academic center
	NEDOCS
	Quality of care (LWOT)
	NEDOCS correlates with LWOT
	Good

	Weiss87
	2002
	USA
	Prospective observational
	Pediatric, 1 inner city ED
	NEDOCS
ED waiting room number
ED Volume
	Perception of care (perception of crowding)
	Pediatric ED Overcrowding Scale model was more dependent on waiting room numbers and registered patients than on other issues that led to a different formula for the NEDOCS model
	Good

	Weiss88
	2004
	USA
	Prospective
	Level 3 trauma ED
	EDWIN
NEDOCS
	Perception of care (perception of crowding)
	Both scales had high AUCs, correlated well with each other, and showed good discrimination for predicting ED overcrowding
	Good

	Wu89
	2010-2013
	China 
	Retrospective Cohort
	Urban Tertiary
	ED occupancy

	Quality of Care
	ED crowding associated with poor performance of damage control resuscitation in major trauma patients in ED
	Good

	Zhang90
	2010-2018
	China
	Retrospective
	Tertiary Care
	ED LOS
	Mortality
	Prolonged ED LOS is independently associated with increased risk of hospital mortality in patients with sepsis requiring ICU admission
	Good



Notes: The table lists the selected 90 studies in alphabetical order, with details about the type of study, country and setting of the studies. The measures used, the outcomes studies and a brief description of the finding is provided. Finally, the rating of the reviewers for each paper is listed.
Abbreviations: AUC, area under the curve; CAP, community acquired pneumonia; ED, emergency department; ICU, intensive care unit LOS, length of stay; LWOTS, left without treatments; MI, myocardial infarction.
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Supplementary table 2:  Description of outcomes
	2.1. ED Occupancy

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality
6, 12, 17, 32, 35, 45, 64, 69, 74, 77, 79, 89 
	Within 10 days of discharge from ED6 In-hospital Mortality12, 17, 35, 69
In hospital mortality at 10 days64, 79
28-day mortality32
30-day mortality 45, 89
Mortality at days 2, 7 and 3074
Mortality at 24 hours and 10 days77
	 6, 32, 45, 64, 74


	12, 17, 35, 69, 77, 79, 89

	Quality of care
11, 14, 17, 21, 23, 29, 32, 35, 43-45, 47, 49, 51, 54, 56-58, 69-71, 77, 79, 81, 83, 89

	Time to CT in Stroke patients11, 49, 63
Time to thrombolysis in Stroke patients11
Receipt of IV fluids within 1 hour in Sepsis 17
Delivery of protocolized Sepsis care17
Time to:  balloon inflation in STEMI23
Time to pain assessment, time to pain documentation29
Time to treatment44, 77
Time to pain treatment 29, 47, 54, 58
Time to aspirin, ECG and neurology consultant49
Time to antibiotic17, 32, 51 
Time to Asthma medication57, 71 
Preventable medical Errors14
Compliance with Sepsis Bundle69
Receipt of antibiotics within 4 hours70
Delays in transfusion and procedures in trauma patients 89 
Medication errors83
Hospital LOS79
Time to next ambulance diversion21
Ambulance diversion hours43
Return visits to ED within 30 days 45
Admission to the hospital after return visit45
Adverse outcomes in patients with chest pain56
Neurological outcome 6 months after cardiac arrest35
Hospital acquired pneumonia79
Left without treatment 81
Development of traumatic coagulopathy89
	14, 43-45, 47, 51, 54, 57, 58, 69-71, 77, 79, 81, 89 

	11, 17, 21, 23, 29, 32, 35, 49, 56, 83


	Perception of care 33, 34
	Perception of ED overcrowded33, 34
	33, 34
	No studies



	2.2. ED LOS

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality 5, 6, 12, 13, 17, 20, 42, 90
	Within 10 days of discharge from ED 6
In-hospital Mortality12, 13, 17, 90
Death at 7 or 30 days after discharge.5
Death 7 days after ED discharge20, 42
	6, 20, 42, 90
	5, 12, 13, 17

	Quality of care
1, 5, 9, 11, 13, 17, 20-22, 29, 39, 42, 47, 50, 53, 56-58, 66, 82

	Time to CT in Stroke patients11
Time to thrombolysis in Stroke patients11
Receipt of IV fluids within 1 hour in Sepsis17
Delivery of protocolized Sepsis care17
Time to balloon inflation in STEMI13, 53
Time to pain assessment, time to pain documentation29
Door in to door out, STEMI patientst82 
Time to pain treatment 29, 47, 58
Time to antibiotic17
Time to ssthma medication57
Receipt of antibiotics within 4 hours53
Appropriate NSTEMI treatment13
Left without being seen20
Time to next ambulance diversion21
Days of Ambulance diversion22
Hospital LOS1, 9, 39, 50, 66
Recurrent Myocardial infarction13
Hospitalization within 7 days of discharge from ED42
Adverse outcomes in patients with chest pain. 56
Admission to the hospital5, 20
Neurological outcome at discharge1
Hospital acquired pneumonia9
	1, 5, 9, 11, 13, 17, 22, 39, 42, 47, 50, 56-58, 66, 82

	11, 20, 21, 29, 53




	Perception of Care
	No studies
	No studies
	No studies



	2.3. ED Volume

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality5, 26, 42, 48
	In ED or in-hospital Mortality26
Within 7 days of ED discharge42
Death in ED 48
Death at 7 or 30 days after discharge5
	 26, 48


	 5, 42

	Quality of Care5, 8, 15, 16, 21, 22, 26, 30, 31, 42, 46, 48, 51, 53, 61, 68, 76
	Appropriate Stroke testing and referrals5
Time from triage to physician8 
Time from triage to CT completion76 or CT reading46 
Time to administration of analgesics30
Time to receipt of antibiotics51
Receipt of antibiotics within 4 hours15, 16, 53 
Receipt of first analgesic within 60 minutes. 68 
Receipt of first asthma medication within 60 minutes31
Time to Chest X-ray16
Delayed resuscitation effort26
PCI within 2 hours53
Door to needle for thrombolysis in stroke76 
Pain assessment and ordering30
Left without being seen8
Time to next ambulance diversion21
Days of ambulance diversion22
Hospital Length of Stay61
Revisit to ED within 72 hours48
Rates of Hospitalization within 7 days from ED discharge42
	5, 8, 15, 16, 21, 22, 26, 30, 31, 42, 46, 48, 51, 53, 61, 68, 76
	53, 76


	Perception of care84, 85, 87 .
	Perception of ED being overcrowded. 84, 85, 87
	 84, 85, 87
	No studies



	2.4. Boarding Time

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality2, 12, 19, 24, 25, 59, 62, 73
	30 day in hospital mortality59
In-hospital Mortality2, 12, 19, 24, 25, 62, 73 
	2, 25, 59, 62, 73
	 12, 19, 24, 62

	Quality of care 4, 8, 12, 19, 40, 52, 53, 56, 66, 67, 73, 75
	Timely to Home Medications40, 75
Time to laboratory testing40, 75
Time from Triage to physician8
Time to appropriate ACS medications56
PCI within 2 hours53
Time to antibiotic40, 52, 53, 75
Left without being seen8
Ambulance diversion hours67
Hospital LOS 4, 12, 66, 73
Methicillin-resistant staphylococcus aureus infection19
Adverse outcomes in patients with chest pain56
	8, 12, 40, 66, 67, 73, 75

	4, 19, 40, 52, 53, 56, 75

	Perception of care85
	Feeling overcrowded. 85
	85
	No studies



	2.5. Number of Boarders

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality
10, 17, 19, 41
	In-hospital Mortality10, 17, 19, 41
	10
	17, 19, 41

	Quality of care10, 11, 15, 17, 19, 30, 41, 46, 51, 56-58, 65, 67

	Time to CT11, 46
Time to thrombolysis in stroke patients11
Receipt of IV fluids within 1 hour in Sepsis17
Delivery of protocolized sepsis care17
Time to pain assessment, time to pain documentation30
Time to pain treatment30, 58
Time to antibiotic15, 51
Time to asthma medication57
Time to surgery65 
Left without being seen19
Ambulance diversion hours67
Hospital Length of stay10
Adverse outcomes in patients with chest pain56
Rapid response team activation41
Care escalation41
 ICU Length of stay10
Methicillin-resistant staphylococcus aureus infection19
	10, 11, 15, 17, 30, 46, 51, 57, 58, 65, 67
	 17, 19, 41, 56



	Perception of Care55, 84, 85 
	Compromised Care. 55
Feeling of overcrowding. 84, 85
	 55, 84, 85
	No studies



	2.6. Waiting Room Census

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality17, 45
	In-hospital Mortality17
30 day mortality45
	 No studies
	17, 45

	Quality of care11, 17, 21, 46, 47, 52, 54, 56-58
	Time to CT11, 46
Time to thrombolysis in Stroke patients11
Receipt of IV fluids within 1 hour in Sepsis17
Delivery of protocolized Sepsis care17
Time to pain treatment 47, 54, 58
Time to antibiotic17, 52
Time to Asthma medication57 
Time to next ambulance diversion21
Adverse outcomes in patients with chest pain56  
	11, 21, 46, 47, 52, 54, 56-58

	11, 17

	Perception of Care55, 84, 85, 87
	Perception of ED overcrowded. 55, 84, 85, 87
	 55, 84, 85, 87
	No studies



	2.7. NEDOCS

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality
	No studies
	No studies
	No studies

	Quality of Care27, 28, 38, 78, 80, 81, 86


	Time to treatment 78
Blood culture contamination 38
Ambulance diversion hours. 27, 28
Left without being seen 80, 81, 86
	 27, 28, 38, 78, 81, 86
	80

	Perception of Care3, 18, 33, 34, 60, 78, 87, 88
	Feeling overcrowded. 3, 18, 33, 34, 60, 78, 87, 88
	3, 18, 33, 34, 60, 78, 87, 88
	No studies



	2.8 EDWIN

	Outcome
	Description of the Outcome
	Positive Association (worse outcomes)
	No Association

	Mortality
	No studies
	No studies
	No studies

	Quality of care 14, 27, 28, 36, 37, 43, 51, 81
	Time to antibiotics51
Time to balloon inflation in STEMI37
Left without being seen 43, 81
Ambulance diversion hours.27, 28, 37, 43
Preventable medical errors14
Medication errors36
	14, 27, 28, 36, 37, 43, 51, 81
	No studies

	Perception of Care7, 34, 88
	Feeling of overcrowded7, 34, 88
	 7, 34, 88
	No studies



Notes: This table categorizes and briefly describes the outcomes studied for each ED crowding measure. The outcomes are grouped into three broad categories: mortality, quality of care and perception of care. The table also separates the studies based on their findings of worse outcome (positive association). Note that some studies have mixed findings of positive and no association.  
Abbreviations: ACS, acute coronary syndrome; ECG, electrocardiogram; ED, emergency department; LOS, length of stay; NSTEMI, non-ST elevation myocardial infarction;
STEMI, ST elevation myocardial infarction; 
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