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Study objective: We explore the relationship between exogenous-level predictors and performance on 4
emergency department (ED) throughput measures approved by the National Quality Forum: median ED length of
visit for admitted and discharged patients, median waiting time, and rate of left without being seen. We seek to
find predictors for benchmarking and public reporting.
Methods: This was a study of 424 US hospitals that reported data to the National Hospital Ambulatory Care
Survey in 2008 to 2009. Wald F tests and generalized linear models were used to test the relationship between
exogenous variables (case mix, age mix, ED volume, teaching status, and Metropolitan Statistical Area status)
and performance on the measures.
Results: Median waiting time was 35 minutes (95% confidence interval [CI] 26 to 43 minutes), median length of
visit for patients treated but not admitted was 131 minutes (95% CI 121 to 142 minutes), median length of visit
for patients admitted was 244 minutes (95% CI 218 to 270 minutes), and rate of left without being seen was
1.3% (95% CI 0.9% to 1.8%). Most exogenous variables, including ED volume, Metropolitan Statistical Area,
teaching hospital status, age mix, and case mix, demonstrated significant association with waiting times and
lengths of visit. Older age and a higher proportion of respiratory complaints were associated with differences in
rates of left without being seen.
Conclusion: Several exogenous factors outside of a hospital’s control are associated with National Quality
Forum–approved ED performance measures, which will have important implications for future benchmarking and
public reporting of these data. [Ann Emerg Med. 2012;xx:xxx.]
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INTRODUCTION
Background
According to the Institute of Medicine, emergency
department (ED) crowding is a major public health problem1
and is associated with patient safety issues, poorer quality,
and negative outcomes.2 The National Quality Forum has
endorsed several crowding measures, including median ED
length of stay (separated by admitted and discharged
patients), waiting times, decision to admit to admission
times, and rates of left without being seen.3 Current plans by
the Centers for Medicare & Medicaid Services are to offer
higher payments for hospitals who report some of these
measures in 2013.4 Under current specifications, there are no
recommended standards for any of the measures and no plan
to stratify measures by ED volume or case mix.3,4 ED
performance will likely be measured and compared without
consideration of factors out of the control of an ED (ie,
exogenous variables).
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Importance
Basic assumptions of performance measurement are that
hospitals can be compared directly through objective metrics
and that the information should be useful to consumers to
compare quality and useful to payers to reward better
performance. However, this is challenging because differences
between patient populations affect the performance measures
themselves.5 Although some differences may be difficult to
measure, one solution is risk adjustment, which accounts for
observable differences in risk factors (eg, illness severity).
Extending this logic to ED throughput, factors outside of a
hospital’s control may affect performance. For example, a rural
ED with 8 beds and 8,000 annual visits is operationally
different from an inner-city teaching hospital with 60 beds and
120,000 annual visits. Maintaining the same performance (ie,
throughput and system responsiveness) at the teaching facility
could be more challenging because of system complexity and
demand variability. Therefore, one approach to benchmarking
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What is already known on this topic
Emergency department (ED) crowding is worsened
by hospital and ED efficiency gaps, but the role of
external factors is not well described.
What question this study addressed
How do external factors relate to common ED care
efficiency metrics?
What this study adds to our knowledge
In a federal sample of US ED visits, median waiting
times, ED lengths of stay, and frequency of
individuals leaving before care differed widely
between geographic locations, case and age mix of
patients presenting, and teaching status of the
hospital.
How this is relevant to clinical practice
A single set of national ED efficiency benchmarks
fails to account for factors that cannot be controlled
by individual sites.

is to compare “like” facilities by stratifying data with exogenous
variables such as case mix or annual volume.
Goals of This Investigation
We used the National Hospital Ambulatory Medical Care
Survey (NHAMCS) to assess the association between exogenous
ED-level variables and performance on the National Quality
Forum–approved measures. Our goals were to find exogenous
ED-level factors to help with benchmarking and public
reporting. We sought to create a simple stratification system for
ED throughput measures that could be easily understandable by
consumers.

MATERIALS AND METHODS
Study Design and Setting
We conducted a study of the 2008 and 2009 NHAMCS to
explore facility-level predictors of 4 measures of ED throughput
proposed by the National Quality Forum. These include ED
length of visit for admitted and discharged patients, waiting
time, and rate of left without being seen. The decision to admit
to departure from the ED (ie, boarding) was excluded because
data on it were not collected in 2008 and greater than 20% of
the data were missing in 2009.
Data Collection and Processing
Data came from the 2008 to 2009 NHAMCS, which was
conducted by the National Center for Health Statistics.
NHAMCS collects data on a nationally representative sample of
EDs and ED visits in nonfederal, short-stay general or children’s
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general hospitals, using a multistage probability sample design.6
The NHAMCS sample has been divided into 16 subsets of
approximately equal size. Each subset is contacted during a 4week reporting period every 16 months (the entire sample does
not participate in a given year), and information from
approximately 100 patient records is obtained. The sample of
EDs used in this study include 334 from the NHAMCS 2009
survey, plus the 98 additional EDs from the 2008 survey that
were not also surveyed in 2009. This study was determined by
the institutional review board at George Washington University
not to be human subjects research.
The primary outcomes were the 4 measures listed above.
Because wait time and length of visit within EDs were highly
right skewed, we considered their median rather than their
mean. To match potential Centers for Medicare & Medicaid
Services exclusions, we removed patients with mental health
diagnoses and observation admissions from the length of visit
for admitted patients.7 All outcomes were calculated at the ED
level. We included several control variables expected to affect
ED performance but that might be plausibly exogenous: age
mix of ED visits, case mix that consisted of the percentage of
ED visits with the 5 most common reasons for visit (digestive,
musculoskeletal, cardiovascular, respiratory, and injury),
hospital teaching status, annual ED volume, and location in a
Metropolitan Statistical Area. We believed that these
represented potential variables for reporting stratification
because all are exogenous (ie, outside of a hospital’s control).
These variables are directly available in the NHAMCS, except
for teaching status, which was determined from the SMG
Hospital Market Database, which serves as the sampling frame
for the NHAMCS survey. We assumed that the 8 hospitals with
missing teaching status in the SMG file were teaching hospitals
if greater than 3% of visits were handled by a resident/intern.
Racial composition and insurance status, which have been
associated with ED performance in another study, were not
included because we thought it would be inappropriate to
justify lower performance levels in hospitals with poorer,
underinsured populations.8 Of the 432 EDs in the initial
sample, 8 were excluded because they did not have patients with
waiting time coded. Of this final sample (424 EDs), 48 did not
sample admitted patients, so the sample for length of visit for
admitted patients was 376.
Primary Data Analysis
We first identified a set of variables that were plausibly
exogenous drivers of ED performance and might serve as a
reasonable classification of ED performance. We divided each
plausibly exogenous driver of ED performance into quartiles.
We then summarized differences in ED performance for each of
the exogenous measures, comparing performance among EDs in
the upper quartile of the distribution of the measure to the
lowest quartile, using Wald 2 tests. We considered mean
attributes across EDs according to values of the predictor
variables (eg, whether mean performance measures were
different for EDs with large visit volumes compared with
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smaller ones). We consider median wait time within EDs
because it is not possible to obtain standard errors for medians
across EDs that account for the complex survey design. We then
performed multivariate analysis to test the marginal association
of each variable with each performance measure, controlling for
other exogenous variables. Wait time and visit length across
EDs were less right skewed than within EDs. However, because
the performance measures were strictly non-negative and still
right skewed, properties analysis by ordinary least squares may
be biased and inefficient. Accordingly, our multivariate models
analyzed performance measures across EDs, using generalized
linear models with a ␥ distribution and log link function. We
report goodness of fit measures for generalized linear models.9
We report results from the generalized linear models as marginal
effects, defined as the mean predicted change in the
performance measure among EDs in the sample for a 1-unit
increase in each independent variable, holding all other
independent variables at their observed values. All analyses used
sample weights, and standard errors accounted for the complex
survey design of NHAMCS with Stata (version 11; StataCorp,
College Station, TX).

RESULTS
In 2008 to 2009, median waiting time was 35 minutes (95%
confidence interval [CI] 26 to 43 minutes), median length of
visit for patients treated but not admitted was 131 minutes
(95% CI 121 to 142 minutes), median length of visit for
patients admitted was 244 minutes (95% CI 218 to 270
minutes), and rate of left without being seen was 1.3% (95% CI
0.9% to 1.8%) (Table 1). The majority of exogenous variables
demonstrated significant bivariate associations with performance
measures. For measures of waiting times and overall length of
visit, this included ED volume, Metropolitan Statistical Area
status, teaching status, and age and case mix. Exogenous
variables had a greater proportional effect on waiting time than
on length of visit or outcomes of left without being seen. For
example, EDs with 10% injury visits had median wait time of
64 minutes, whereas those with more than 20% injury visits had
waiting time considerably shorter (26 minutes). Discharged
patient length of visit varied from 166 minutes to 113 minutes
(32% difference) for the same category, whereas rates of left
without being seen were similar. The relationship between the
exogenous variables and outcomes were mostly, but not entirely,
monotonic. For example, as ED volume increased, lengths of
waits and visit increased, though this was not monotonic. There
were fewer differences in rates of left without being seen across
groups; however, some were significant.
In adjusted analysis, there were several significant predictors
for each performance measure (Table 2). The size of the
adjusted effect varied between measures and, similar to that of
the unadjusted analysis, the directionality was relatively
consistent. There were fewer significant predictors of rates of left
without being seen compared with other measures. For wait
time, the strongest predictor was annual ED visit volume: EDs
with greater than 60,000 annual visits had a median wait time
Volume xx, . x : Month 

Predictors for Emergency Department Crowding
25 minutes longer than that of EDs with less than or equal to
20,000 annual visits. In addition to visit volume and teaching
status, 4 other variables, representing EDs in the top quarter
according to the percentage of visits among those aged 65 years
and over and percentage with reasons for visit as injury or
related to musculoskeletal or cardiovascular system, were
significantly related to wait time.
Given the large number of significant exogenous variables,
we could not construct a simple system for comparing
performance measures. Using factors identified as significant
would involve reporting performance measures for subsets of
EDs with large numbers of permutations of the exogenous
variables, so many that this sort of reporting system would be
too unwieldy.

LIMITATIONS
We analyzed only 2 years’ worth of data. Using different
years may yield different results because NHAMCS studies have
demonstrated lower performance over time.10,11 It is also
possible that our a priori chosen variables that were available in
NHAMCS could have excluded other potentially useful
variables. It is also possible that other variables unavailable in
NHAMCS (eg, trauma center status, pediatric hospitals) could
be helpful in risk stratification. We were unable to study the
time from decision to admit to departure (ie, boarding time).
Boarding is central to ED crowding; however, the data were not
usable because of the high degree of missingness. It also is
possible that the definition of some of our calculated variables,
such as our definition of teaching hospital at 3% of patients
being treated by a resident or intern, overestimated the number
of teaching hospitals. In addition, we did not consider
interactions or correlations between independent variables in the
multivariable model. Finally, some differences in performance
across exogenous variables may be statistically but not clinically
significant.

DISCUSSION
Several exogenous variables were associated with large
differences in performance across 4 ED crowding measures
approved by National Quality Forum. Although ED visit
volume was the strongest exogenous predictor of performance,
several other variables were also important. Therefore,
developing a simple, sensible stratification system to compare
hospital performance would not adequately characterize the
myriad exogenous factors that affect performance. We had
initially hypothesized that ED volume would be an adequate
adjuster because this is one of the ways that some groups stratify
data,12 but this was not the case. Further complicating matters,
because different variables had different effects on the measures
(albeit with similar directionality), we can only conclude that a
simple way to compare hospitals that accounts for exogenous
differences does not exist.
The logical question is, how should the public reporting of
these data be conducted when they are eventually presented to
Annals of Emergency Medicine 3
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Table 1. Attributes of NHAMCS EDs 2008 to 2009 (N⫽424 hospitals).*

Variable

Weighted
Percentage
of Sample

Median Wait Time
Among Patients
Treated, Minutes

Median (interquartile range)
100
26 (15–40)
Mean attributes across EDs (95% percentile)
All
100
35 (26–43)
Annual ED visit volume
20,000 or fewer (ref)
50
27 (12–43)
20,001–40,000
24
32 (28–36)
40,001–60,000
15
52*** (46–59)
⬎60,000
11
49** (41–56)
Teaching hospital (ref)
6
33 (24–42)
Nonteaching hospital
94
57*** (46–68)
MSA (ref)
64
31 (9–53)
Non-MSA
36
36 (33–40)
Percentage of patients aged 18 y and younger
ⱕ14 (ref)
16
40 (30–51)
14–20
25
43 (14–73)
20–25
24
27** (22–33)
⬎25
35
30* (25–35)
Percentage of patients aged 65 y and older
ⱕ9 (ref)
18
43 (35–51)
9–14
26
47 (20–75)
14–20
24
31** (26–36)
⬎20
32
22*** (17–27)
Percentage of RFV as injury
ⱕ10 (ref)
16
64 (16–111)
10–15
24
33 (28–38)
15–20
31
29 (25–33)
⬎20
29
26 (21–31)
Percentage of RFV as digestive system
ⱕ11 (ref)
27
29 (24–34)
11–14
30
30 (24–36)
14–17
16
31 (26–36)
⬎17
27
48 (21–75)
Percentage of RFV as musculoskeletal system
ⱕ10 (ref)
23
49 (16–83)
10–15
32
31 (27–36)
15–20
26
33 (26–39)
⬎20
19
25 (10–30)
Percentage of RFV as respiratory system
ⱕ8 (ref)
26
45 (15–75)
8–11
23
28 (20–36)
11–15
25
33 (29–38)
⬎15
26
29 (24–34)
Percentage of RFV as cardiovascular system
ⱕ3.5 (ref)
27
44 (16–72)
3.5–5.5
26
33 (27–38)
5.5–7
19
31 (24–38)
⬎7
28
29 (23–36)

Median Length of Visits
Among Patients Treated
but Not Admitted,
Minutes

Median Length of Visits
Among Patients
†
Admitted, Minutes

Percentage Who Left
Without Being Seen

118 (98–156)

211 (184–281)

0 (0–1.6)

131 (121–142)

244 (218–270)

1.3 (0.9–1.8)

106 (89–124)
142*** (131–152)
166*** (157–175)
175*** (163–188)
127 (116–138)
191*** (173–210)
111 (88–135)
142** (135–150)

212 (166–259)
245 (224–266)
298*** (277–320)
298*** (267–330)
238 (211–265)
323*** (284–362)
188 (162–214)
277*** (243–311)

0.9 (0.1–1.7)
1.7 (1.1–2.3)
2.0** (1.4–2.5)
1.7* (1.3–2.1)
1.3 (0.9–1.8)
1.8 (1.2–2.4)
0.7 (0.2–1.1)
1.7*** (1.1–2.3)

154 (131–177)
141 (114–169)
121*** (103–139)
121** (112–130)

298 (184–413)
248 (222–274)
226 (195–257)
226 (207–244)

1.2 (0.8–1.6)
1.1 (0.7–1.5)
0.9 (0.5–1.3)
1.9 (0.8–3.0)

145 (140–160)
144 (116–173)
135 (125–145)
111*** (96–126)

329 (205–453)
265 (240–289)
224*(207–241)
206* (175–237)

1.6 (1.2–2.1)
2.0 (0.6–3.4)
1.7 (1.1–2.3)
0.4*** (0.2–0.6)

166 (115–218)
141 (133–149)
123 (113–133)
113** (100–127)

309 (194–424)
262 (239–286)
222 (204–240)
211* (177–245)

1.1 (0.8–1.4)
1.6* (1.1–2.1)
1.4 (0.8–1.9)
1.2 (0.0–2.4)

123 (111–135)
119 (106–133)
134 (119–149)
152** (125–178)

272 (189–356)
228 (205–250)
249 (206–293)
233 (216–250)

1.7 (0.4–3.0)
1.0 (0.5–1.5)
1.4 (0.7–2.0)
1.4 (1.0–1.8)

146 (111–181)
131 (120–142)
133 (122–144)
112* (99–126)

227 (197–258)
234 (207–262)
236 (218–254)
290 (183–397)

0.9 (0.5–1.3)
2.0* (0.9–3.1)
1.5* (1.0–2.0)
0.6 (0.3–0.9)

148 (117–179)
127 (107–147)
132 (122–143)
117** (104–129)

289 (207–372)
239 (195–283)
242 (222–262)
208* (178–237)

0.8 (0.4–1.2)
1.3 (0.6–1.9)
2.1** (1.0–3.1)
1.0 (0.6–1.5)

131 (102–160)
133 (122–143)
131 (116–145)
131 (112–151)

268 (189–346)
246 (222–270)
245 (212–277)
222 (188–255)

0.8 (0.5–1.2)
1.8 (0.5–3.2)
1.5* (0.8–2.2)
1.3 (0.8–1.8)

Ref, Reference category; RFV, reasons for visit; MSA, Metropolitan Statistical Area.
*The symbols *, **, and *** indicate that the difference in this value relative to the ref is significant at the 10%, 5%, and 1% significance level, respectively, according to a Wald test.
†
The number of hospitals for admitted patients is 376.

the public? One possibility is to just report unadjusted data.
However, if consumers use unadjusted information to inform
hospital choice, they could choose smaller, rural hospitals
because ED performance is better. Although this may be
appropriate, we think that consumers should have an
4 Annals of Emergency Medicine

explanation of factors affecting wait time, as well as other factors
such as quality of care ratings, which may give a fuller picture to
properly inform ED choice.
A separate issue is how these measures may be used to show
“high performers.” A uniform approach to judging flow across
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Table 2. Predictors from generalized linear model regression among patients treated in NHAMCS EDs, 2008 to 2009.*
95% CI

Variable

Median Length of Visits
Median Length of Visits
Median Wait Time Among Among Patients Treated but Among Patients Admitted,
†
Patients Treated, Minutes
Not Admitted, Minutes
Minutes

Annual ED visit volume (relative to 20,000 or fewer)
20,001–40,000
8* (⫺1 to 17)
40,000–60,000
34*** (21 to 47)
⬎60,000
25*** (13 to 38)
Teaching hospital (relative to
8** (1 to 15)
nonteaching hospital)
Non-MSA (relative to MSA)
19 (⫺5 to 27)
Top quartile (⬎25%) of % of
⫺6 (⫺15 to 3)
patients younger than 18 y
(relative to bottom 3
quartiles)
Top quartile (⬎20%) of % of
⫺17*** (⫺23 to –4)
patients aged 65 y or older
(relative to bottom 3
quartiles)
Top quartile (⬎20%) of % of
⫺10*** (⫺17 to ⫺4)
RFV as injury (relative to
bottom 3 quartiles)
Top quartile (⬎17%) of % of
10 (⫺3 to 22)
RFV as digestive system
(relative to bottom 3
quartiles)
Top quartile (⬎20%) of % of
⫺9** (⫺16 to ⫺1)
RFV as musculoskeletal
system (relative to bottom
3 quartiles)
Top quartile (⬎15%) of % of
⫺3 (⫺8 to 3)
RFV as respiratory system
(relative to bottom 3
quartiles)
Top quartile (⬎7%) of % of
⫺7* (⫺14.8 to 0.6)
RFV as cardiovascular
system (relative to bottom
3 quartiles)
Pseudo R2
0.077

33*** (11 to 55)
59*** (38 to 80)
63.8*** (40 to 88)
20*** (7 to 34)
7 (⫺15 to 29)
⫺14.3* (⫺31 to 2)

⫺17* (⫺37 to 3)

⫺26*** (⫺40 to ⫺11)

19** (1 to 38)

Percentage Who Left
Without Being Seen

16 (⫺37 to 70)
60* (⫺4 to 124)
54 (⫺12 to 119)
36.1** (1 to 71.2)

0.6 (⫺0.4 to 1.6)
1.0 (⫺0.6 to 2.5)
0.5 (⫺0.7 to 1.7)
0.1 (⫺0.3 to 0.6)

⫺47* (⫺98 to 3)
⫺7 (⫺34 to 20)

⫺15 (⫺48 to 18)

⫺0.3 (⫺1.2 to 0.6)
0.4 (⫺0.2 to 1.0)

⫺1.0*** (⫺1.5 to ⫺0.6)

⫺42** (⫺83 to ⫺1)

⫺0.4 (⫺1.0 to 0.2)

⫺9 (⫺39 to 21)

0.1 (⫺0.5 to 0.7)

⫺18** (⫺34 to ⫺1)

50 (⫺14 to 115)

⫺0.4 (⫺1.0 to 0.2)

⫺18*** (⫺28 to ⫺9)

⫺44*** (⫺75 to ⫺12)

⫺0.6** (⫺1.1 to ⫺0.1)

⫺10 (⫺25 to 6)

⫺30* (⫺65 to 5)

⫺0.0 (⫺0.6 to 0.5)

0.191

0.098

0.039

*The table reports marginal effects from generalized linear model regression with ␥ distribution assumed. The symbols *, **, and *** denote statistical significance
at the 10%, 5%, and 1% levels, respectively. The sample size is 424 hospitals.
†
The number of hospitals for admitted patients is 376.

all hospitals was implemented by the United Kingdom in 2004
by requiring all hospitals to reduce length of stay to be under 4
hours; however, recently this standard has been relaxed.13 Our
findings demonstrate that this may unfairly identify high- or
low-performing hospitals because of factors outside their
control. Also, given reported relationships between racial and
insurance composition and performance, it could widen
disparities because EDs serving the poor could receive lower
payments if these measures are used in any future pay-forperformance incentives.8 One solution might be to create a
more complex system to adjust for exogenous factors that
decreases disparities. On the other hand, a limitation of
allowing different benchmarks for certain hospitals is that it
could potentially excuse longer waiting times in certain
hospitals, decreasing the incentive to improve ED flow.
Volume xx, . x : Month 

In conclusion, several exogenous factors were associated with
ED crowding measures, which will have important policy
implications for public reporting and any future pay-forperformance incentives.
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