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Abstract
Background: Triage liaison physicians (TLPs) have been employed in overcrowded emergency depart-
ments (EDs); however, their effectiveness remains unclear.

Objectives: To evaluate the implementation of TLP shifts at an academic tertiary care adult ED using
comprehensive outcome reporting.

Methods: A six-week TLP clinical research project was conducted between December 9, 2005, and Febru-
ary 9, 2006. A TLP was deployed for nine hours (11 AM to 8 PM) daily to initiate patient management, assist
triage nurses, answer all medical consult or transfer calls, and manage ED administrative matters. The
study was divided into three two-week blocks; within each block, seven days were randomized to TLP shifts
and the other seven to control shifts. Outcomes included patient length of stay, proportion of patients who
left without complete assessment, staff satisfaction, and episodes of ambulance diversion.

Results: TLPs assessed a median of 14 patients per shift (interquartile range, 13–17), received 15 telephone
calls per shift (interquartile range, 14–20), and spent 17–81 minutes per shift consulting on the telephone.
The number of patients and their age, gender, and triage score during the TLP and control shifts were
similar. Overall, length of stay was decreased by 36 minutes compared with control days (4:21 vs. 4:57;
p = 0.001). Left without complete assessment cases decreased from 6.6% to 5.4% (a 20% relative decrease)
during the TLP coverage. The ambulance wait time and number of episodes of ambulance diversion were
similar on TLP and control days.

Conclusions: A TLP improved important outcomes in an overcrowded ED and could improve delivery of
emergency medical care in similar tertiary care EDs.
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O
vercrowding of emergency departments (EDs)
has been defined by many emergency care pro-
viders as ‘‘a situation in which the demand for
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emergency services exceeds the ability to provide quality
care within a reasonable time.’’1,2 ED overcrowding is
one of the most complex and challenging issues currently
facing health care systems worldwide. A recent Cana-
dian report suggested that ED overcrowding is more
common in urban, teaching, and high-volume EDs and
that the problem arises from system-wide factors.3

Moreover, evidence also suggests that a variety of inter-
ventions to reduce ED overcrowding have been attemp-
ted; however, the quality of the research was low and
hence potentially unreliable.

To systematically address the problem and establish ef-
fective interventions to reduce the profoundly complex
problem of ED overcrowding, it is imperative to accu-
rately assess the flow of patients through the ED and to
thoroughly understand the many processes taking place
in the ED. The input-throughput-output model has gen-
erally been accepted as a conceptual model (Figure 1)
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for ED overcrowding.4 The model allows a comprehen-
sive view of the multidimensional nature of the problem
and clarifies the various operational processes in the
ED that may be optimized to help alleviate overcrowding.
Input refers to the various modes of ED patient arrival.
Throughput refers to ED work processes that are related
to medical decision-making such as triage, assessment,
diagnostic testing, and treatment. Output refers to pa-
tient disposition from the ED such as admission, transfer,
or discharge home.

ED overcrowding has a myriad of negative effects on
quality of care, patient satisfaction, and staff-related out-
comes, including decreased productivity, poor morale,
and staff dissatisfaction.6 A significant proportion of
morbidity and mortality cases are attributed to delays
in diagnosis and treatment occurring in the ED, espe-
cially with time-sensitive diagnoses such as myocardial
infarction, pneumonia, and stroke.7 Given the increased
risk of adverse outcomes associated with ED overcrowd-
ing, there is an urgent need for valid studies evaluating
interventions to mitigate ED overcrowding.

This study reports a quantitative evaluation of the ef-
fect of introducing a triage liaison physician (TLP) shift
in a large urban adult ED where serious overcrowding
existed. A role for an emergency physician (EP) evaluat-
ing patients and initiating early investigation and treat-
ment of ED patients before their reaching traditional
patient care areas has previously been described as an
experienced EP who can be assigned to the triage area
to assist with the throughput process. This role has
been implemented elsewhere8–11; however, the quality
of the evaluation research identified is low. This study ex-
amines the effect of a TLP on important ED overcrowd-
ing measures such as ED length of stay (LOS) and left
without being seen (LWBS) rates.

METHODS

Study Design
This was a randomized controlled trial to describe a
novel physician shift in an overcrowded urban teaching
hospital. The study received approval from the research
ethics board (panel A) at the University of Alberta. All
physicians and nurses involved in the study provided in-
formed written consent to participate. Finally, all data

Figure 1. The input-throughput-output model adapted from

Asplin et al.4 and Fatovich5 to conceptualize ED processes

and to identify strategies for reducing ED overcrowding.

LWBS = left without being seen; LAMA = left against med-

ical advice; Rx = treatment.
were entered by staff without knowledge of the objec-
tives of this study and these data were reported anony-
mously and in aggregate.

Study Setting and Population
This study was conducted over a six-week period between
December 9, 2005, and February 9, 2006, with a hiatus dur-
ing the holiday period (December 23, 2005, to January 12,
2006). The trial period was divided into three two-week
blocks. Within each two-week block, using computer-
generated random numbers, TLP shifts (from 11 AM to 8
PM) in addition to standard EP clinical shifts or standard
EP clinical shifts only (control) were assigned for seven
days. While the study was obviously not blinded, the out-
come assessments were obtained through administrative
data resources, where data analysts were unaware of the
TLP assignment or the purpose of this study.

The study was performed at the University of Alberta
Hospital (UAH), an urban tertiary care ED serving 55,000
adult (age older than 17 years) patients per year with
well-documented ED overcrowding issues. The UAH ED
is staffed by full-time EPs and provides 56 hours of sched-
uled attending EP coverage per day (reimbursed on a fee-
for-service basis). It is an academic teaching hospital with
an EM residency training program and with residents typ-
ically providing the initial ED consultation for other spe-
cialty services. Patient throughput in the ED is primarily
the responsibility of attending EP staff. UAH is the pri-
mary receiving hospital for patients from north-central
Alberta, Nunavut, and parts of Saskatchewan and British
Columbia with trauma, burn, neurosurgical, and most
other serious or complex subspecialty problems. During
the control shifts, no additional EP staff in typical patient
care roles was available, and the nursing complement re-
mained unchanged. Full-time EPs with more than one
year of clinical experience were asked to volunteer for
the TLP shifts. Not all physicians volunteered; however,
seven EPs completed shifts during the study period.

All adult patients (17 years or older) seen in the UAH
ED during the study blocks were considered. Patients
younger than 17 years were seen in the pediatric ED,
whose physicians also took all their own outside calls
and were not involved in the study.

Study Protocol
During the TLP shifts, a physician was assigned to the ED
for the purpose of mitigating those factors impeding
throughput. The main roles of the TLP were to answer
all incoming physician calls, to support and assist triage
nurses, to evaluate ambulance patients awaiting ED bed
placement to determine who could safely wait, to initiate
clinical patient evaluation and diagnostic studies to
shorten ED time when stretchers became available, to
initiate treatment if appropriate, and to deal with admin-
istrative issues should they arise. The TLP was not
involved in the primary process of triage, which was
performed by dedicated ED triage nurses. Only if a spe-
cific question arose during the triage process would the
TLP be involved in the specifics of ED triage. The roles
and responsibilities of the TLP are summarized in Appen-
dix A (available as an online Data Supplement at http://
www.aemj.org/cgi/content/full/j.aem.2007.04.018/DC1).
The TLP role was not designed with a goal of ‘‘see and
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treat’’12,13; however, if the TLP was able to safely com-
plete the workup in the waiting room or the dedicated
triage treatment area (two dedicated beds for triage
only), a scheduled EP was able to complete the patients’
assessment and discharge the patient.

The role of the TLP was approved by the UAH physi-
cian group, and funding for the TLP for each shift was
provided by Capital Health. Two TLP pilot shifts were
completed in the fall of 2005 to refine the TLP role and
job description.

The UAH Emergency Department Information System
(EDIS) database records ED patient demographics, times
of routine ED events, and ED work processes, as well as
allowing for the anonymous administrative evaluation
and report generation. The call log of the TLP-assigned
portable telephone was interrogated for the duration of
each nine-hour TLP shift and minutes of use recorded.
Ambulance diversion data were obtained through Capi-
tal Health from a separate database. All data compari-
sons included the whole 24-hour period (0000–2359) for
both TLP shift days and controls.

TLP activities were recorded on data log sheets. The
TLP documented each patient assessed, the problem,
and the outcome of the encounter. When missing, infor-
mation was recorded from the patient care sheet by a
research assistant. In addition, a TLP telephone registry
was maintained to determine the nature of the telephone
interactions. The same dedicated portable telephone was
used for all TLP shifts, and personal calls were discour-
aged. Finally, formal surveys of staff, including EPs and
nurses, regarding their perception of the ED overcrowd-
ing issue and how the ED overcrowding problem af-
fected them during the shift, were collected for TLP
shifts only (see Appendix B, available as an online Data
Supplement at http://www.aemj.org/cgi/content/full/
j.aem.2007.04.018/DC2). Full qualitative analysis of the
TLP role with focus groups was also performed but will
be reported elsewhere.

Outcomes included number of patients presenting to
the ED, LOS, triage acuity level based on the Canadian
Triage and Acuity Scale (CTAS), LWBS proportion, and
frequency and duration of ambulance diversion. The
number of consultation and administration-related calls
by the TLP and the duration of time on the phone were
also recorded.

CTAS is a national standard in Canadian EDs. It is used
to score the levels of severity of patients and thereby en-
sures that patients who need immediate care get to be
seen by the physician(s) first. Acuity levels are catego-
rized into five CTAS classes, ranging from CTAS 1, which
is the most life-threatening condition and requires imme-
diate ED care, to CTAS 5, which is the least urgent con-
dition for which investigations or interventions could
be delayed.14,15

Data Analysis
Median and interquartile ranges (IQRs) are reported for
continuous skewed data. Comparisons of continuous
data were performed using either a t-test or Mann-Whit-
ney test depending on the distribution of the data. Pro-
portions were calculated for categorical variables, and
their statistical significance was determined by chi-square
test. Mixed modeling methods were used to account for
the correlated nature of the data. These models assumed
that data collected within each 24-hour study day were
correlated and that the TLP effect would be nested within
that level. A mixed linear regression model was developed
to determine the most significant factor(s) influencing
LOS. Similarly, a generalized estimation equation logistic
model was developed to determine significant factor(s)
influencing patients’ LWBS. All statistical tests were
performed at the 0.05 level.

RESULTS

Measure of TLP Activity
During the intervention shifts, the TLPs assessed a me-
dian of 14 patients (IQR, 13–17) per shift and received a
median of 15 (IQR, 14–20) medical consultation calls.
Duration of actual time spent on the telephone ranged
from 17 to 81 minutes during the TLP shift.

Shift Comparisons
During the 21 days of TLP shifts, a total of 2,831 patients
registered with a median of 136 (IQR, 131–141) per day,
compared with 2,887 with a median of 133 (IQR, 128–
146) per day during the 21 days of control shifts. The
mean ages of patients between the TLP and control shifts
were similar (45.8 vs. 46.3 years, respectively; Table 1).
Patient gender, proportion of patients at different
CTAS levels, and mode of arrival were similar between
the two groups.

Patient LOS
ED patients spent a median (IQR) of four hours 21 min-
utes (2:20–8:36) in the ED before disposition during TLP
shifts, compared with four hours 57 minutes (2:38–9:21)
during the control shifts (Table 2). Overall median LOS
was reduced by 36 minutes. Reduction was highest for
CTAS level 1 (53 minutes), although this was the smallest
overall group; CTAS level 3 was the largest patient group
and experienced a 39-minute reduction (Table 2).

Table 1
Baseline Characteristics of Patients Visiting the Emergency
Department during the Triage Liaison and Control Shifts

Factors

Triage Liaison
Physician Shifts

(n = 2,831)
Control Shifts

(n = 2,887)

Patients registered/
24 hr, median (IQR)

136 (131–141) 133 (128–146)

Age (yr), mean (�SD) 46 (�20) 46 (�21)
Male patients, n (%) 1,529 (54) 1,497 (52)
Canadian Triage and

Acuity Scale levels (%)
1 1 1
2 13 14
3 51 50
4 31 31
5 4 4

Mode of arrival (%)*
Ambulatory 71 70
Ground ambulance 26 26
Air ambulances 1 2
Others 1 3

* Values do not add to 100% due to rounding.

http://www.aemj.org/cgi/content/full/j.aem.2007.04.018/DC2
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Table 2
Median Lengths of Stays for the Emergency Department during the Triage Liaison and Control Shifts

Triage Liaison Physician
Shifts (n = 2,841)

Control Shifts
(n = 2,892)

Difference in
Median (min)

Median (IQR) length of stay (hr:min) 4:21 (2:20–8:36) 4:57 (2:38–9:21) 36
Canadian Triage and Acuity Scale levels

1 3:40 (2:28–6:39) 4:33 (2:39–9:40) 53
2 8:03 (3:45–15:53) 8:05 (3:59–17:12) 2
3 5:27 (2:56–9:46) 6:06 (3:27–10:45) 39
4 2:50 (1:33–5:03) 3:23 (1:56–5:51) 33
5 1:45 (0:59–3:01) 2:10 (1:09–4:03) 25
Variability of LOS does not appear to be related to the
day of the week or CTAS level (Table 3). Using a mixed
linear regression model, we identified that TLP was a sig-
nificant predictor of reduced LOS after controlling for
CTAS levels, disposition, age, and gender (Table 3).

Patient LWBS
Including patients who left without being registered (i.e.,
after triage), LWBS by a physician, left against medical
advice, and left before completion of treatment, there
were 179 LWBS patients during the TLP shifts and 229
during the control shifts (Table 4). Overall, LWBS was re-
duced by 20% with the presence of a TLP (6.3% TLP shifts
vs. 7.9% control shifts; unadjusted r = 0.02). After adjust-
ing for the correlated nature of the data, however, this
reduction was no longer significant (p = 0.20). None of
the hypothesized covariates (CTAS levels, age, and gen-
der) were significantly associated with this outcome.

Ambulance Diversion
The median number of diversions was 13 (IQR, 11–18)
during the TLP shifts compared with 13 (IQR, 13–18) during
the control shifts (p = 0.36). The median time on diversion
or pending diversion was neither clinically nor statistically
different: 11 hours 59 minutes (IQR, 10:09–14:35) during

Table 3
Mixed Regression Model for Identifying the Major Predictor to
Reduced Length of Stay

Estimate 95% CI Overall F p-value

Triage liaison
physician

on shift �0.09 (�0.16, �0.02) 6.15 0.01
Disposition

Discharged �0.92 (�0.98, �0.86) 937.88 <0.001
Canadian Triage

and Acuity
Scale levels

1 �0.03 (�0.27, 0.22) 131.48 <0.001
2 0.95 (0.82, 1.08)
3 0.86 (0.75, 0.98)
4 0.41 (0.29, 0.52)
5 Reference

Age/year 0.007 (0.006, 0.008) 136.22 <0.001
Gender

Female 0.05 (0.008, 0.10) 5.39 0.02
the TLP shifts compared with 12 hours 35 minutes (IQR,
11:47–16:41) during the control shifts (p = 0.27).

Satisfaction
The majority of nurses (90%) and physicians (80%)
agreed that overall patient care was improved. Eighty
percent of nurses and more than 70% of physicians
strongly agreed that TLPs provided valuable services
in assisting patient assessment and prioritization in the
triage process. In addition, nurses and physicians
somewhat or strongly agreed that TLPs had a positive
impact on rapidity of access to care for ambulance pa-
tients (80% of nurses and more than 70% physicians),
efficiency in fulfilling clinical responsibilities (approxi-
mately 75% of nurses and nearly 80% of physicians),
and communication with patients (approximately 80%
of nurses and 70% of physicians).

DISCUSSION

Overcrowding is a serious problem that is impacting the
quality of emergency care in many North American EDs.
Despite its importance, surprisingly few high-quality
studies have been published on interventions to reduce
overcrowding, especially using a role similar to that of
the TLP.8,9 This randomized controlled trial describes a

Table 4
Total and Proportion of Patients Who Left the Emergency Depart-
ment during the Triage Liaison and Control Shifts

Triage Liaison
Physician Shifts

(n = 2,831)

Control
Shifts

(n = 2,887)

Outcomes n % n %

Left without being registered 0 — 6 0.21
Left without being seen 154 5.42 192 6.64

CTAS 2 0 3
CTAS 3 87 90
CTAS 4 63 87
CTAS 5 4 12

Left against medical advice 18 0.63 20 0.69
Left before completion

of treatment
7 0.25 11 0.38

Total left without being seen 179 6.32 229 7.93
Unadjusted odds ratio (95% CI) 0.77 (0.63, 0.96)
Adjusted odds ratio (95% CI) 0.77 (0.54, 1.10)

CTAS = Canadian Triage and Acuity Scale.
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novel physician shift in an overcrowded urban teaching
hospital. Overall, this study indicates that the TLP shift
is partially effective in reducing ED overcrowding.

There are several important findings of this study that
warrant comments. First, the presence of the TLP shifts
reduced the average LOS of patients seen in the ED dur-
ing a 24-hour day during which the TLP shift occurred.
Second, using mixed regression modeling, LOS was
found to be related to a variety of factors, and the TLP in-
fluence remained significant after adjustment. Third, the
proportion of LWBS patients was reduced, although the
difference was not significant after appropriate adjust-
ment. Recent research from this center indicates that
LWBS patients represent potential medical-legal risks
due to further delays in assessment and treatment.16

Fourth, the qualitative surveys suggest that the TLP was
well received by the nurse and physician staff in the ED.
The nurses appreciated the assistance of a physician to
share the burden of decision making and controlling the
chaotic waiting room environment (with higher-acuity
patients waiting longer for an ED bed assignment). For
the staff physicians, the major benefit was a significant
decrease in the number of interruptions in tasks that
were a big part of their normal shifts,17 as well as having
appropriate patient workups already initiated on some
patients.

The EPs in the TLP role recognized that their ability to
evaluate patients was quite limited due to persistent ac-
cess block.18 The TLP could not fully evaluate a complex
patient with presenting problems such as syncope, gen-
eralized weakness and dizziness, or abdominal pain in
the waiting room. Patients with such complex com-
plaints, however, still received a brief assessment from
the TLP where diagnostic studies were initiated while
awaiting placement in an appropriate patient care area.

It has been widely recognized that ED overcrowding is
a system-wide problem with no simple or immediate so-
lutions.2,3 This problem leads to important delays in pa-
tient care and frustration for patients and creates staff
dissatisfaction. It is no surprise that, where examined,
emergency services are consistently rated the lowest in
health quality surveys.19 Given the frequency and sever-
ity of ED overcrowding in Canada, it is surprising
that there have been so few published studies address-
ing the problem, as compared with the wide documen-
tation of the same problem in the United States. The
extent of overcrowding, the type of EDs affected, the
perceived causes, and the adverse effects have been
reported primarily in the United States, with a few
U.K. and Canadian studies.3,6,7,20–23 A recent systematic
review of the medical literature that examines interven-
tions to address ED overcrowding identified a wide va-
riety of strategies designed to reduce the burden of
this problem on the institution under study.3 Many
studies dealt with fast-track systems, triage, physician
order entry, and system-wide or multiple interventions.
Overall, most of the interventions, except triage, re-
sulted in improvements in the measures of ED over-
crowding. Only four other studies identified TLP-type
approaches.8–11

One of the strengths of this study was the availability of
EDIS data to accurately compare time outcome mea-
sures. In many EDs, there are serious limitations of cur-
rent local, provincial, and federal efforts to accurately
document the degree of ED activity and, therefore, ED
overcrowding.24 Accurate data collection on ED work-
flow and intervals involved in patient throughput is
essential to the evaluation of any intervention to address
ED overcrowding. An EDIS to track patients and log
their flow through the ED offers an ideal tool to support
this data acquisition.

In 2005, the U.S. Joint Commission on the Accredita-
tion of Healthcare Organizations instituted a new stan-
dard to identify and mitigate obstacles to the efficient
flow of patients throughout hospitals. The new standard
recognizes the ED as being particularly susceptible to
poor management of patient flow.24 In the United King-
dom, the Department of Health has given priority to
reducing wait times in Accident and Emergency Depart-
ments, with impressive results. In Canada, the Canadian
Association of Emergency Physicians, in collaboration
with National Emergency Nurses Affiliation, has initiated
the ‘‘Stop the Waiting’’ campaign.20 These efforts are de-
signed to educate the public and health care workers of
the dangers of excessive waiting times and overcrowd-
ing in the ED and to help lobby for change.

LIMITATIONS

There are a number of limitations to this study that re-
quire comment. First, the TLPs were not a random selec-
tion of EPs, and these results would apply to centers
where EPs with a working knowledge of the institution
are available.

Second, there is no definitive measure of ED over-
crowding. While complex systems for measuring the
state of ED overcrowding have been developed,25 there
is a recent move toward the simple and more complete
measuring of ED LOS.26 This study examined important
consequences of ED overcrowding, however, including
LOS, LWBS, and ambulance diversion. Third, we did
not conduct a formal cost evaluation; however, it is im-
portant to note that the EP group practices in a fee-for-
service environment. The TLP was paid a fixed stipend
per shift and did not bill for patient care activities.

Fourth, the TLP intervention had positive effects on pa-
tient throughput in the study site, a tertiary care, teach-
ing, regional referral hospital with significant ED
overcrowding. While the ED practice environment (i.e.,
complex patients, multiple consultation and transfer tele-
phone calls for EPs) resulting from this role may have
had an impact on the success of the TLP role, it is not
clear what the impact of a TLP role would be in a commu-
nity hospital ED.

Fifth, the TLP intervention is considered a throughput
intervention and may not address the most important
issues contributing to ED overcrowding. A 2005 Canadian
survey of ED directors concluded that many (62%) urban
EDs experienced severe overcrowding and most directors
(85%) perceived access block, or an insufficient number of
inpatient beds, to be the main cause of overcrowding.3 To
resolve the problem of an insufficient number of inpatient
beds would likely require a health system infrastructure
change on par with the recently implemented four-hour
rule in the United Kingdom.23



ACAD EMERG MED � August 2007, Vol. 14, No. 8 � www.aemj.org 707
Sixth, the unblinded nature of the study introduces a
possible Hawthorne effect; however, the primary out-
comes were quantitative and could not be easily influenced
by this bias. Any biases would be introduced to the survey
collection of opinion. Finally, while adding another staff
physician may have been similarly effective, we believe
the unique function of the TLP was critical to improving
patient throughput. Adding another staff physician would
not have decreased telephone interruptions or relieved
crowding. As the EPs reviewed strategies to address ED
crowding and lack of throughput, a variety of options, in-
cluding increased typical EP coverage, were considered.
Frequently, EPs on shift were idle, unable to care for wait-
ing patients due to lack of available patient care spaces in
the ED. A strong consensus was developed by physician
and nursing staff that, given the current circumstances,
simply adding more of the same format of physician cover-
age would be ineffectual in addressing the impact of ED
crowding and lack of throughput.

CONCLUSIONS

Notwithstanding the above concerns, using high-quality
research methods, comprehensive outcome reporting,
and blind outcome ascertainment, the results of the pres-
ent study indicate that a TLP reduces LOS and, to a lesser
degree, the number of patients LWBS in an overcrowded
ED. In addition, there was high nurse satisfaction due to
increased physician support and high physician satisfac-
tion due to improved quality of work life. The findings
suggest that implementation of this type of intervention
could provide significant improvement in the provision
of medical care in an ED in a tertiary care institution. Fur-
ther research evaluating the impact of this intervention in
other settings and assessing other interventions to ad-
dress ED crowding and throughput is required.
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