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INTRODUCTION
Emergency department (ED) visits have steadily increased 

over the last decade, outpacing population growth.1,2 As ED 
utilization has increased, boarding of admitted patients in the 
ED while they await inpatient bed assignment has become a 
nationally ubiquitous issue.3-5 In 2014, Pitts et al. found the 
national median boarding time was 79 minutes with 32% 
of admitted patients waiting greater than two hours for bed 
assignment.6 Among other adverse effects, boarded patients 
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Introduction: Boarding of patients in the emergency department (ED) is associated with decreased ED 
efficiency. The provider-in-triage (PIT) model has been shown to improve ED throughput, but it is unclear 
how these improvements are affected by boarding. We sought to assess the effects of boarding on ED 
throughput and whether implementation of a PIT model mitigated those effects.    

Methods: We performed a multi-site retrospective review of 955 days of ED operations data at a tertiary 
care academic ED (AED) and a high-volume community ED (CED) before and after implementation of 
PIT. Key outcome variables were door to provider time (D2P), total length of stay of discharged patients 
(LOSD), and boarding time (admit request to ED departure [A2D]).

Results: Implementation of PIT was associated with a decrease in median D2P by 22 minutes or 43% at 
the AED (p < 0.01), and 18 minutes (31%) at the CED (p < 0.01). LOSD also decreased by 19 minutes 
(5.9%) at the AED and 8 minutes (3.3%) at the CED (p<0.01). After adjusting for variations in daily 
census, the effect of boarding (A2D) on D2P and LOSD was unchanged, despite the implementation 
of PIT. At the AED, 7.7 minutes of boarding increased median D2P by one additional minute (p < 0.01), 
and every four minutes of boarding increased median LOSD by one minute (p < 0.01). At the CED, 7.1 
minutes of boarding added one additional minute to D2P (p < 0.01), and 4.8 minutes of boarding added 
one minute to median LOSD (p < 0.01).  

Conclusion: In this retrospective, observational multicenter study, ED operational efficiency was 
improved with the implementation of a PIT model but worsened with boarding. The PIT model was 
unable to mitigate any of the effects of boarding. This suggests that PIT is associated with increased 
efficiency of ED intake and throughput, but boarding continues to have the same effect on ED efficiency 
regardless of upstream efficiency measures that may be designed to minimize its impact. [West J Emerg 
Med. 2020;21(3)647–652.]

are less likely to have inpatient care initiated and boarding is 
associated with increased mortality.3,4,7

The physician-in-triage (PIT) intake model has been shown 
to improve ED operational efficiency in both community EDs 
and tertiary referral centers.8-12 Specifically, PIT is associated 
with improved intake (shorter door to provider times and lower 
left without being seen rates) and throughput (shorter lengths-of-
stay), as well as other ED measures of efficiency (fewer days of 
ambulance diversion and shorter radiologic turnaround times).8-13 
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What do we already know about this issue?
Boarding of admitted patients in the emergency 
department (ED) is known to reduce the quality and 
efficiency of care of both boarded patients and other 
ED patients.

What was the research question?
Would a provider-in-triage (PIT) model reduce the 
effect that boarding has on other ED patients?

What was the major finding of the study?
Every 4-5 minutes of boarding increased the length 
of stay of other patients by one minute. PIT did not 
mitigate this effect.

How does this improve population health?
PIT improves the efficiency of ED care but does not 
attenuate the effect of hospital boarding. Improved 
hospital throughput is needed to reduce the 
consequences of boarding. 

PIT models are designed to improve ED intake and 
throughput. The effect of boarding on availability of ED beds is 
one of many reasons cited for why EDs move to a PIT model. 
Despite this, there is little research quantifying the effect that 
boarding has on upstream efficiency measures with or without 
a PIT model in place. White et al. in a single-center study at 
a high-volume, academic, tertiary referral center found that 
increased boarding was associated with increased length of 
stay of discharged patients.5 However, this study was a single 
center study in an ED that was not staffed with a PIT operational 
model. The primary aim of this study was to assess the effect 
ED boarding has on ED intake and throughput metrics and 
whether implementation of a PIT model mitigated those effects. 
Specifically, we hypothesized the PIT model would not attenuate 
the effects of boarding on important ED throughput metrics, in 
particular door to provider time (D2P) and length of stay for 
discharged (LOSD) patients. 

METHODS
This was a multi-site retrospective observational cohort 

study of ED operations at two sites. In total, 955 days of ED 
operations at a tertiary care academic ED (AED) and a high-
volume community ED (CED) were analyzed before and after 
the implementation of a PIT protocol. The institutional review 
boards associated with each ED approved the study.

We reported descriptive statistics on the key outcome 
variables using median values with interquartile ranges (IQR) 
and proportions calculated with 95% confidence interval (CI). 
Unadjusted analysis of the differences in the median values of 
outcome variables was conducted using Wilcoxon exact test. 
We conducted a series of quartile regressions, adjusting for 
differences in daily ED census centered at the overall ED median 
volume by time period (before or after PIT), to determine the 
effects of PIT implementation and boarding time on operational 
metrics as measured by the key outcome variables. These key 
outcome variables included the following: LOSD – the total time 
spent in the ED from arrival to discharge of non-admitted ED 
patients; D2P time – the time from arrival to provider evaluation; 
median active-care time – the time spent managing and 
dispositioning a patient, defined as LOSD less D2P; and boarding 
time (A2D) – the time between the admission bed request to ED 
departure. In these quartile regression models we examined the 
interaction of patient boarding time with PIT before and after its 
implementation to determine the effects of boarding on LOSD 
and D2P. Additionally, we examined the median number of 
patients leaving without being seen (LWBS). Statistical analyses 
were conducted using SAS version 9.4 (SAS Institute, Cary, NC).  

RESULTS
Census Measures Before and After Implementation of the PIT

Across the 955 days of ED operations that data were 
collected, there were 250 days pre- and 705 days post-PIT 
implementation at the AED and 552 days pre- and 443 days 
post-PIT implementation at the CED.  During that time, there 

were a total 275,981 patient visits at the AED and 190,039 visits 
at the CED. The median daily census at both sites significantly 
increased pre- to post-PIT implementation, with a median 
increase of 8 patients/day at the AED, a 2.8% increase in daily 
volume (95% CI, 0.8-4.7), and a median increase of 14 patients/
day or 7.6% volume increase at the CED (95% CI, 3.8-11.4) 
(Table 1). The percentage of patient admissions significantly 
increased pre- to post-PIT implementation in both EDs (p < 
0.01); however, the LWBS rate did not significantly change at 
either site.

Operational Metrics Before and After Implementation of the 
PIT

Implementation of PIT was associated with significantly 
shorter median LOSD at both EDs (Table 2), with a decrease of 
5.9% (19 minutes) at the AED and 3.3% (8 minutes at CED). 
After implementation of the PIT model, we found a statistically 
significant decrease in D2P time at both sites, and a statistically 
significant increase in boarding time. D2P times demonstrated 
the largest shift after implementation of PIT. The median D2P 
time decreased by 22 minutes or 43%. The D2P was 51 minutes 
(IQR 37-68) pre-PIT as compared with 29 minutes post-PIT 
(IQR 21-41) at the AED (p < 0.01). At the CED, the D2P went 
from 58 minutes (IQR 38-77) to 40 (IQR 26-59), a 31% decrease 
(p<0.01). Post-PIT implementation median active-care time 
increased by 5 minutes or 1.8% at the AED (pre-PIT median time 
= 264 [IQR 249-282] post-PIT = 269 [IQR 251-290], p = 0.01), 
and 9 minutes or 5% at the CED (pre-PIT median time = 180 
[IQR 170-192] post-PIT = 189 [IQR 175-205], p < 0.01). For 
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both EDs, median A2D significantly increased (AED Δ = 13.5 
minutes [95% CI: 8.1, 18.01]), p < 0.01; CED Δ   = 29 minutes 
[95% CI: 24.2, 34.8], p < 0.01), with the increase in median A2D 
significantly larger at the CED (p < 0.01).

A series of quartile regressions were performed to determine 
the effects of PIT implementation and boarding time on 
operational metrics at both sites, as can be seen in Table 3. In 
both EDs, after adjusting for variability in overall median ED 
census (centered on the median patient volume relevant to pre- 
and post-PIT), implementation of PIT at both sites was shown 
to be associated with shorter median D2P (AED and CED: p < 
0.01) and median LOSD (AED and CED: p < 0.01), confirming 
the unadjusted analyses. At the AED, the implementation of 
PIT was associated with a 21.1-minute reduction in D2P and a 
29.8-minute reduction in LOSD, after adjusting for the effects of 
census and boarding. This reduction was also found in the CED 
with a reduction of 18.5 minutes in median D2P and 11.5 minutes 
in median LOSD.   

Association of Boarding with Upstream Inefficiency of ED 
Care

After adjusting for median census at each site, the effect 
of boarding (A2D) on upstream efficiency metrics of D2P and 
LOSD is constant and unchanged despite the implementation 
of PIT. Every 7.7 minutes of boarding is associated with an 
additional one minute of median D2P (p < 0.01), and every 
four minutes of boarding is associated with an additional one 
minute to the median LOSD (p < 0.01) at the AED (Table 3 and 
Figure 1).  Every 7.1 minutes of boarding is associated with 
an additional minute to the D2P time ( p < 0.01) and every 4.8 
minutes of boarding with an additional minute to the median 
LOSD (p < 0.01) at the CED. Even with a significant reduction 
in D2P and LOS after PIT implementation, with median A2D of 
111 post-PIT implementation at the AED, 14.4 minutes are added 
to the median D2P, and 27.75 minutes are added to the median 
LOSD (assuming that the ED census is at the median). 

The effects on the CED after PIT implementation, with a 
median A2D of 106 minutes, are an additional 14.84 minutes 
for the median patient’s D2P and 22.26 minutes on the median 
LOSD. Two additional analyses that we conducted (not shown 
in Table 2) support these results; regression slopes for A2P on 
D2P and LOSD were significant for both pre- and post-PIT 
implementation for both the AED (D2P pre-PIT p < 0.01, post  
p < 0.01; LOSD pre-PIT p = 0.03, post p < 0.01), and for the 
CED (D2P pre-PIT p = 0.02, post  p < 0.01; LOSD pre-PIT p = 
0<0.01, post p < 0.01). Additionally an interaction term for PIT 
* A2P added to the analysis shown in Table 3 for both ED sites 
and for the two outcomes (D2P and LOSD) were not significant 
(interaction A2D * PIT for AED; D2P = 0.06, LOSD = 0.17; 
CED D2P =0.52, LOS p = 0.44), indicating that the effect of 
A2P on the efficiency outcomes was not attenuated with the 
introduction of PIT. 

Outcome ED type Pre-PIT Post-PIT P-value
Median Daily Census (IQR) AED 284 (271, 300) 292 (275, 306) 0.01

CED 185 (174, 196) 199 (186, 210) <0.01
Median daily admissions  (IQR) AED 80 (74, 87) 84 (76, 91) <0.01

CED 50 (45, 56) 55 (49, 61) <0.01
Mean annual percent admit (SD) AED 28.2 (±2.8) 29.3 (±2.8) <0.01

CED 26.7 % (±3.5) 27.6 % (± 3.7) <0.01
Median daily LWBS (IQR) AED 11 (6, 19) 11 (6, 17) 0.13

CED 5 (2, 8) 4 (2, 9) 0.29
Mean annual percent LWBS (SD) AED 4.6 % (± 2.3) 4.1 % (± 2.3) 0.15

CED 3.2 % (±1.3) 2.9 % (± 1.2) 0.24
ED, emergency department; AED, tertiary care academic emergency department; CED, community emergency department; LWBS, left 
without being seen; PIT, physician in triage; IQR, interquartile range; SD, standard deviation.

Table 1. Patient census data pre- to post-implementation of a physician in triage.

Metric 
(min)

ED 
type

Pre-PIT Median 
(IQR)

Post-PIT Median 
(IQR) P-value

Discharged patients
D2P AED 51 (37, 68) 29 (21, 41) <0.01

CED 58 (38, 77) 40 (26, 59) <0.01
LOSD AED 289 (257, 320) 261 (238, 297) <0.01

CED 241 (219, 264) 232.5 (209, 265) 0.01
Admitted patients

A2D AED 97.5 (84.5, 116) 111.0 (93, 144.5) <0.01
CED 77  (66,92) 106 (80,140) <0.01

ED, emergency department; AED, tertiary care academic emergency 
department; CED, community emergency department; D2P, arrival 
to being seen by physician; LOSD, total length of stay for discharged 
patients; A2D, admit request to departure for boarded patients 
awaiting hospital admission; PIT, physician in triage.

Table 2. Operational metrics pre- to post-implementation of a 
physician in triage.
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DISCUSSION
The effects of boarding have been well classified in the ED 

literature and national quality guidelines. The PIT model is one 
clear way in which ED administrative leadership has been able 
to improve the efficiency of intake and throughput, often in the 
face of worsening boarding. However, boarding continues to be 
a problem for EDs across the country. The output constraints of 
poor hospital throughput that boarding puts on EDs reduce the 
efficiency of ED intake and throughput.  

This study showed that implementation of a PIT model 
was not associated with an ability to mitigate the operational 
inefficiencies created by boarding. PIT was associated with 
decreases in D2P and LOS for discharged patients at two EDs 
that concurrently experienced increases in ED volume and 
boarding. Increased boarding of admitted patients was positively 
associated with increased D2P and LOS for discharged patients; 
this relationship was unchanged despite the implementation of 
PIT. This suggests that increased boarding of admitted patients 
has systemic effects on overall ED efficiency, even affecting the 
care of discharged (non-boarded) patients. Improvements in ED 
throughput using the PIT model is largely independent of hospital 
throughput and could not mitigate the effects of boarding.

In 2003 Asplin et al. presented a conceptual framework that 
examined ED crowding as a combination of input, throughput, 

and output stressors.14 Input, or the demand for ED care, reflects 
the extent to which there is patient demand for ED services 
and is largely beyond the immediate control of ED leadership. 
Output factors, including inpatient hospital capacity and access 
to appropriate outpatient services are likewise outside the scope 
of ED administrative control. Throughput focuses on time 
spent within the ED and is largely comprised of active patient-
care time. Interventions designed to impact throughput time 
include process improvements during patient intake, disease-
specific protocols designed to reduce provider variability, and 
the implementation of clinical decision units. The PIT model is 
one way in which EDs can innovate to improve ED throughput 
efficiency. This study demonstrated the efficacy of PIT 
implementation on improving intake and throughput in two large, 
urban EDs. We were also able to quantify the negative effect that 
boarding has on the upstream efficiency of both EDs before and 
after implementation of PIT and also demonstrate that PIT was 
unable to mitigate this negative correlation.  

Improving ED operational efficiency in the current 
environment of increasing ED boarding will likely require 
hospital-wide policy changes that address the downstream 
bottlenecks in care. EDs can improve operational efficiency using 
innovative models of care such as PIT, but outflow of patients 
remains a significant contributor to ED inefficiency. Viccellio et 
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Figure 1a-1d.  Effects of  Patient Boarding on Median Centered Door to Physician and Length of Stay of Discharged Patients.
In all four panels, X and Y axes in minutes. 
AED, tertiary care academic emergency department; A2D, admit request to departure for boarded patients awaiting hospital admission; 
CED, community emergency department; D2P, arrival to being seen by physician; LOSD, total length of stay for discharged patients;
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al suggested that transfer of boarding patients to inpatient hallway 
beds may mitigate the impact of boarding but did not directly 
examine the impact of a full-capacity protocol on operational 
metrics.15 Several studies have documented that there is no 
increased in-hospital mortality or intensive care unit transfer rate 
among patients in inpatient-ward hallway beds, suggesting that 
boarding of patients in inpatient hallway beds is not associated 
with increased patient harm.15,16 

To the contrary, there are a number of studies that 
demonstrate the adverse quality of care associated with boarding 
patients in the ED.4,17 Surveyed patients strongly prefer waiting in 
inpatient wards rather than the ED.16,18 Despite these data, Pitts et 
al in 2014 found that only 19% of EDs used a strategy of moving 
admitted boarding patients to alternate sites in the hospital.6 
One prior study was able to quantify the throughput inefficiency 
introduced by higher levels of boarding; however, this single-
center study was at a center where a PIT model had yet to be 
introduced.5 Modern innovative models such as PIT are often a 
reactive process designed to improve ED throughput in the face 
of poor hospital throughput. However, as this study demonstrates, 
these models are unable to substantially mitigate the effect that 
boarding has on ED intake and throughput.  

LIMITATIONS
This study has several limitations. One important limitation 

is that these effects were quantified in daily intervals. EDs 
often have variable arrival and admission rates. Consequently, 
boarding follows a similar but often-delayed pattern.19,20 Daily 
data intervals likely underestimate the effects of boarding 
as the effects of boarding are spread over all patients. Many 
patients, particularly during periods of low ED census, may 

AED CED
Parameter Estimate Minutes (95%CI) SE t-value, p-value Estimate Minutes (95%CI) SE t-value, p-value

D2P
Intercept 36.84 (33.18, 40.50) 1.87 19.74, < 0.01 45.11 (42.1, 50.19) 2.08 22.18, < 0.01
Census median 
centered

0.32 (0.28, 0.36) 0.02 15.62, < 0.01 0.82 (0.73, 0.82) 0.04 19.88, < 0.01

A2D 0.13 (0.10, 0.16) 0.02 8.08, < 0.01 0.14 (0.10, 0.18) 0.02 6.65, < 0.01
PIT (post vs pre) -21.61 (-23.78, -19.44) 1.11 19.44, < 0.01 -18.45 (-21.37, -15.52) 1.50 12.36, < 0.01

LOSD
Intercept 260.7 (251.27, 270.13) 4.81 54.23, < 0.01 223.47 (216.42, 230.52) 3.59 62.2, < 0.01
Census median 
centered

0.66 (0.53, 0.78) 0.06 10.67, < 0.01 0.90 (0.80, 1.01) 0.05 16.91, < 0.01

A2D 0.25 (0.19, 0.31) 0.03 8.52, < 0.01 0.21 (0.13, 0.28) 0.04 5.08, < 0.01
PIT (post vs pre) -29.83 (-38.03, -21.68) 4.17 7.16, < 0.01 -11.45 (-16.16, -4.77) 2.40 4.77, < 0.01

ED, emergency department; AED, tertiary care academic emergency department; CED, community emergency department; D2P, arrival to 
being seen by physician; LOSD, total length of stay for discharged patients; A2D, admit request to departure for boarded patients awaiting 
hospital admission; PIT, physician in triage; 95% CI, 95% confidence interval; SE, standard error.

Table 3. Quartile regression models examining the effect of boarding on median door-to-provider time and median discharged patient 
length of stay (in minutes).

not be subjected to the inefficiencies introduced by boarding. 
Consequently, a shorter interval study would more accurately 
assess the effects of boarding during times of peak ED crowding. 

Second, this study took place in two separate institutions 
under the same umbrella and leadership of one healthcare system. 
Thus, the system and ED leadership were largely familiar with 
each other’s systems of care and followed similar care pathways 
and surge protocols. This includes implementation of a very 
similar PIT model. While a similar PIT model may improve the 
interval validity of the study, it may limit the conclusions one 
may draw given the diversity of expected changes in the way 
healthcare systems address the issue of boarding. 

Workflow changes that occurred during the implementation 
of the PIT model may have also confounded these results. These 
include expedited admission protocols, expansion of a clinical 
decision unit, and innovations in efficiency of core processes 
such as lab and radiology turnaround time. While each of these 
could reduce the overall LOS and overestimate the departmental 
efficiencies associated with the PIT model they are also likely 
to have a positive impact on boarding, thus underestimating our 
findings. Lastly, one system implemented its PIT model after 
learning from the operational challenges of the first.  

CONCLUSION
This study showed that implementation of a PIT model was 

associated with improved intake and throughput at two EDs 
during a time of increasing ED volume and boarding. However, 
the PIT model was not able to mitigate any of the upstream 
inefficiencies introduced by boarding. Increased boarding of 
admitted patients was positively associated with increased D2D 
and LOS for discharged patients despite the implementation of 
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PIT. This suggests that increased boarding of admitted patients 
has systemic effects on overall ED efficiency affecting care of 
discharged (non-boarded) patients. While PIT may improve ED 
throughput, it cannot mitigate the negative effects of poor hospital 
throughput introduced by boarding.
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