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ABSTRACT

Purpose: With more than 14 million emergency department visits in Canada each year, there is substantial
inferest in providing timely access to care. This study investigates Canadian Triage and Acuity Scale (CTAS)
level 2 and 3 patients presenting in the emergency department with a chief complaint relating to abdominal
or chest pain, a cohort found to experience the longest time from registration to discharge. The purpose of
this study was to evaluate the time required for each component of routine care provided to the study popu-
lation, and to identify independent variables that influence length of stay within the emergency department.
Results: Patients with chest pain complaints were on average evaluated by a physician 40 minutes before
patients with abdominal pain complaints; however, chest pain patients spent an additional 154 minutes with-
in the emergency department. Four factors contributed to increased length of stay for all patients in the study:
(1) emergency department congestion, (2) consultant response time, (3) diagnostic imaging, and (4) repeat
laboratory investigations.

Conclusions: This paper describes sources of delays for patients whose care exceeds 360 minutes. Alleviating
congestion can be done by building capacity through resource reallocation or through addition of key human
resources. Improvement of consultant response time may be achieved through implementation of time-based
performance measures, initiating consultations earlier in the care process, and through acute care models. The
contribution of diagnostic imaging to delaying disposition decisions requires the availability of preliminary
results to the treating physicians. Awareness of the necessity of repeating laboratory investigations (e.g.,
troponin) provides evidence that exceptions are necessary when evaluating emergency department care times.

INTRODUCTION

ach year there are more than 14 million emergency
Edepartment (ED) visits in Canada, of which nearly 5

million are in Ontario.!2 On arrival to the ED, the
Canadian Triage and Acuity Scale (CTAS) is used across
Ontario emergency departments to categorize patients based
on severity of presentation. Table 1 summarizes the signifi-
cance of each CTAS level. The Ontario Hospital Emergency
Department and Ambulance Effectiveness Working Group
(HED&AE) recommends that 90% of ED patients should be
assessed and receive an ED stretcher (evaluation room)
within 30 minutes of arrival, and be discharged within 360

minutes.? A patient’s length of stay (LOS) is defined as time
from registration to discharge. Despite recommendations,
data collected from an Ontario hospital servicing a commu-
nity of 200,000 found that patients who were assigned CTAS
level 2 or 3 had a mean LOS of 8.6 and 11.6 hours, for walk-
in and ambulance-arriving patients, respectively. Diagnostic
and therapeutic interventions required by the patients to
achieve a diagnosis and appropriate acute care are key com-
ponents to ED length of stay#5 These interventions may
include: (1) assessments by nursing and physician staff,
(2) laboratory investigation, (3) diagnostic imaging,
(4) therapeutic interventions, and (5) specialist consultation.
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LOS has also been found to be influenced by access to
stretcher, time of registration and day of week.68 Although
the use of medical directives (routine laboratory tests
ordered prior to physician assessment) has been encouraged
by the Working Group, there is no literature to support that
this process improves patient flow.? Measuring the wait-time
of each of the subcomponents of the patient care timeline,
evaluating the impact of medical directives on LOS, and
identifying resource factors associated with increasing LOS
provide the groundwork for a pragmatic approach to reduc-
ing wait times.

The findings from this study will provide evidence for
potential sources of delays for patients who are at greatest
risk for exceeding benchmark times for ED care. Although
this study collected data from one hospital, the care process-
es represent usual care and are applicable to other EDs.

The objectives of this study were to: (1) determine the
time required by each component of care that forms the
entire length of stay, as well as (2) the extent each compo-
nent contributes to the duration of care, and (3) to identify
independent variables that influence LOS.

Table 1. Canadian Triage and Acuity Scale (CTAS)?
CTAS Level
1 — Resuscitation

Description

Time to physician: immediate

Conditions that are threats to life or limb
(or imminent risk of deterioration) requiring
immediate aggressive interventions

2 — Emergent Time to physician: <15 minutes
Conditions that are a potential threat to life,
limb or function, requiring rapid medical
intervention or delegated acts

3 — Urgent Time to physician: <30 minutes

Conditions that could potentially progress to
a serious problem requiring emergency
intervention. May be associated with
significant discomfort or affecting ability to
function at work or activities of daily living

4 — Less Urgent  Time to physician: <1 hour

Conditions that related to patient age,
distress, or potential for deterioration or
complications would benefit from intervention

or reassurance within 1 to 2 hours

5 —Non-Urgent  Time to physician: <2 hours

Conditions that may be acute but non-urgent
as well as conditions which may be part of a
chronic problem with or without evidence of
deterioration. The investigation or
interventions for some of these illnesses or
injuries could be delayed or even referred to
other areas of the hospital or health care

system

METHODS
Setting

The study was performed in a 37-stretcher ED (44,000
visits annually) of a 260-bed urban, community hospital in
Burlington, Ontario, that services a population of approxi-
mately 200,000. During 2007, the hospital received 45,000
visits to the emergency department. Physician coverage con-
sisted of 32 scheduled hours on weekdays, and 34 scheduled
hours on holidays and weekends. Patients assessed as CTAS
levels 4 and 5 were diverted to a fast-track setting for four
hours on weekdays and seven hours on weekends; the
remainder of patients were competing for a similar group of
rooms, with respect to wait-times. The department did not
have predetermined care decision rules for clinical presenta-
tions because investigations and therapies were left to the
treating physician. Use of medical directives by nursing staff
to expedite investigations shortly after triage or primary
nurse assessment was encouraged but not used uniformly.
Canadian Emergency Department Information System
(CEDIS) coding for the presenting complaint had not yet
been instituted.

Selection of Participants

Patients were included in the study if they met the fol-
lowing inclusion criteria: (1) identified by the triage nurse as
either being CTAS level 2 or 3; (2) 16 years of age or older;
and (3) primary compliant was related to either abdominal
pain (AP) or chest pain (CP). Patients with a chief complaint
related to AP and CP were chosen as the presenting com-
plaints of interest for the following reasons: (1) they are fre-
quent chief complaints (35% CTAS level 2 and 22% of
CTAS level 3 at the study site); (2) the care pathways for AP
and CP include common ED investigations including labo-
ratory and diagnostic imaging; and (3) the consulting servic-
es include medicine and surgery. Patients were excluded if
they left the ED before receiving care or if they left prema-
turely against medical advice.

Data Collection and Measurement

Patient data were collected from hard copy charts and
hospital electronic databases for visits from June 1 to July
16, 2007. Nurses and physicians recorded information such
as diagnosis, assessment times, treatment plan, consultation
and disposition requests on hard copy charts, which was
consistent with usual care processes. Electronic medical
records provided information on registration, laboratory
investigations, diagnostic imaging and staffing comple-
ment. The hospital utilizes Picture Archiving and
Communication System (PACS) to electronically store
medical records in addition to physical charts. Study data
were kept on a secure server with limited access to those
involved in the study.
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Data from patients’ hard copy charts and the hospital
electronic database were entered into a separate study data-
base by a researcher who was unaffiliated with the hospital.
Data entry was performed by a single person to ensure stan-
dardization of data collection methods. Consecutive patients
who met the study inclusion criteria were identified from the
electronic medical records database. Data collection from
patients within a few days following ED admission allowed
for feedback to ED staff to reinforce manual recording of
service times to limit missing data. Real-time data collection
was not done because it may have delayed patient care by
disrupting the availability of charts to care providers.

Troponin and amylase laboratory investigations were
chosen as representative indicators because they were fre-
quently requested for patients that presented in the ED with
a chief complaint of either CP or AP, respectively. Because
not all patients required a troponin or amylase test, a com-
plete blood count (CBC) lab time interval was included in
the analysis. Laboratory investigation times were recorded
from the patient charts, which indicated the time the lab was
ordered by the physician to when the report was printed and
available to the ED physician. Diagnostic imaging times
were obtained from the electronic medical record utilized
exclusively by the radiological department; these times
reflected when the radiological report was available, but
not when the pertinent results were communicated to the
ED physician. X-ray imaging results were routinely inter-
preted by the ED physician and did not necessitate a radi-
ologist for interpretation in all cases; this made it difficult
to determine the time when results were available to the
ED physician. Similarly, precise computer tomography
(CT) and ultrasound (US) reporting times of when the ED
physician received the results were not available.
Therefore, diagnostic imaging service delivery times were
not analyzed.

Twenty-three variables were recorded from each patient’s
chart and electronic record (Table 2). These variables were
chosen to provide demographic and wait-time information
reflecting ED processes as well as independent covariates to
reflect availability of patient care resources. The two vari-
ables that were used to reflect access to stretchers were max-
imum ED census (maximum number of patients presenting
to the ED on a single day), and hours-over-capacity (the
number of hours patient census exceeded 37 stretchers).
Physician complement was stable throughout the study and
was not measured as independent variable.

Health care providers involved in the study were aware
of the study but were unaware that the study sample was
restricted to a select cohort of patients. The study was sup-
ported solely by funds from the hospital operating budget
and received ethics approval from the hospital ethics com-
mittee.

Table 2. Data collected from patient charts and electronic
medical records

Domain Data points collected

Demographics Age
Sex

Triage-registration Presenting complaint
Canadian Triage and Acuity Scale
(CTAS) level
Arrival method
Arrival time
Triage time
Registration time
Discharge time

Bed availability
& assessment

Time of room assignment

Nurse assessment time

Physician assessment time

Medical consultant request and service time

Lab (blood and/or urine) collection time
Complete blood count (CBC) laboratory
complete time

Troponin laboratory complete time(s)
Amylase laboratory complete time

Laboratory

Diagnostic Ultrasound order and complete time
Computed Tomography (CT) scan order

and complete time

Internal process Number of hours over maximum daily
consensus
Maximum emergency department (ED)
consensus

Nursing staff complement

Outcome Measures

Eight wait-time intervals were analyzed by CTAS level to
determine mean, median, and 90t percentiles for each inter-
val time (Table 3). No imputation method was used to
account for missing data. Using unpaired, two-sample t-tests,
two comparisons were made. The mean time intervals were
compared between CTAS levels 2 and 3 (stratified by clini-
cal presentation) to determine if CTAS level assignment
influenced LOS (Table 4). Cases with a total LOS of less than
360 minutes were compared to cases with a total LOS greater
than 360 minutes to determine if any specific subordinate
interval significantly impacted LOS (data not shown).

Regression analysis was used to determine factors asso-
ciated with increased LOS. Analysis was done separately for
CP and AP because care pathways and the services com-
monly consulted for patient care differ for the two presenta-
tions. A Box-Cox transformation for non-normal data was
performed. Multivariate regression was used to fit the model
with response variable total LOS in the ED using the fol-
lowing covariates: (1) weekday of arrival; (2) nursing com-
plement (actual nursing hours divided by scheduled nursing
hours); (3) request of second troponin lab test; (4) specialist
consultation; (5) medical directive ordered; (6) maximum
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ED census; and (7) registration time. This regression model
was reduced to include only those factors, covariates and
interaction terms which were found to be significant. The
residuals were analyzed using plots to confirm an appropri-
ate fit of the model to the data. This model was then reduced
to remove any factors and covariates which did not signifi-
cantly impact the response variable.

RESULTS

Data were collected from 500 patients who visited the ED
and met the inclusion criteria over the 46 days of data col-
lection. There were three patients with discharge time miss-
ing, and were therefore removed from the analysis, leaving
497 patients. The mean age of the patients was 49.3 years
(SD=19.9) and 58.5% (n=291) were female. There were
26.9% (n=134) patients assigned as CTAS level 2 and the
remaining 73.1% (n=363) of patients were assigned to
CTAS level 3. Upon conclusion of the ED visit, 87.3%
(n=434) of the patients were discharged, while 12.7%
(n=63) were admitted as an inpatient to another department
within the hospital.

The results of the wait-time intervals for the sample of
patients are reported in Table 3. In summary, the mean LOS
in the ED was 414.2 minutes (SD=355.7). Of the 19.6%
(n=78) of patients that arrived to the ED by ambulance, there
was a mean time of 17.5 (SD=35.4) minutes between arriv-
ing and receiving a room. Patients with a chief complaint of
CP arriving by ambulance required 20.7 minutes (SD=43.3,
n=38) compared to 11.8 minutes (SD=13.0, n=22) for those
with AP. For all methods of arrival to the ED, the mean time
from patient triage to receiving a room (stretcher) was
21.2 minutes (SD=40.2), then an additional mean time of

Table 3. Wait-time intervals

25.1 minutes (SD=24.2) until a nurse assessment. The time
between a nurse’s assessment and physician visit had a mean
of 56.7 minutes (SD=61.3). Patients arriving by ambulance
waited 50.4 minutes (SD=51.3) from nursing assessment to
physician visit, compared with 58.0 minutes (SD=63.3) for
walk-in patients. There were several significant differences
in the wait-times experienced by patients who had a chief
complaint related to AP (60.8%, n=304) compared to CP
(39.2%,n=196). A summary of wait-time results categorized
by chief complaint is shown in Table 4.

A greater proportion of CP patients arrived by ambulance
(19.4%,1n=38) but spent an average of an additional 8.9 min-
utes waiting from arrival to receiving a room compared to
AP patients (7.2%, n=22). Irrespective of arrival method,
those presenting with AP complaints were found to take on
average 14.0 minutes longer from triage time to receiving a
room, as opposed to CP-presenting patients (confidence
interval [CI]=6.8-21 .2, p<0.01). Similarly, compared to CP
patients, AP patients waited an average of 10.3 additional
minutes (CI=5.7-14.9, p<0.01) for nurse assessment and
16.0 minutes (CI=4.1-27.9, p<0.01) for physician assess-
ment, when comparing successive time intervals. Despite
these differences between room and assessment times, the
LOS for patients with CP was greater than those with AP by
a mean time of 159.4 minutes (CI=89.9-228.9, p<0.01).
Patients who arrived by ambulance had a LOS of 609.2 min-
utes (SD=508.1) compared to 377.1 minutes (SD=306.9) for
walk-in patients.

When stratifying patients’ ED visit duration based on the
360-minute benchmark, 59.6% (n=296) were below bench-
mark, while 40.4% (n=201) were above the benchmark time.
There were two factors related to an internal care process that

Wait-time interval (minutes) N Mean SD Median 90th Percentile
Paramedic off-load time (arrival time to room time) 78 17.5 354 9.0 42.1
Triage time to room time 415 212 40.2 10.0 51.6
Room time to nurse assessment time 387 25.1 242 20.0 50.0
Nurse assessment time to physician assessment time 386 56.7 61.3 40.0 136.5
Lab time
CBC 441 359 16.9 320 60.0
Troponin 1 140 64.0 355 54.0 101.2
Troponin 2 46 60.5 453 43.0 95.0
Amylase 210 58.4 42.7 450 106.1
Diagnostic imaging
X-Ray 265 1206.9 4879 1211.0 1908.2
Ultrasound 41 466 .4 547.0 230.5 1491.0
CT Time 45 675.2 528.2 532.0 1397.6
Consultant time 49 2724 270.1 170.0 648.0
Maximum ER census 500 53.8 7.8 54.0 630
Hours over maximum ER census 493 109 52 120 170
Nursing hours staffed (scheduled) 500 0.75 13.5 0.25 11.3
Total length of stay ER time 497 4142 355.7 302.0 861.6




MUMJ

Original Research 23

Table 4. Wait-time intervals by chief complaint

Abdominal Pain Chest Pain

Description n Mean (SD) n Mean (SD)
Triage time to room time (ambulance patients) 22 11.8 (13.0) 38 20.7 (43.3)
Triage time to room time (walk-in patients) 240 27.1 (46.5) 175 13.1 (27.6)
Room time to nurse assessment time 225 294 (26.5) 162 19.1 (19.3)
Nurse to physician 232 63.1 (65.9) 154 47.1 (52.5)
Lab time

CBC 268 349 (16.4) 173 37.5(17.8)

Troponin 1 22 74.4 (50.5) 118 62.1 (31.9)

Troponin 2 4 48.0 (12.7) 42 61.7 (47.2)

Amylase 169 544 (32.4) 41 74.8 (69.0)
Diagnostic imaging

Ultrasound 38 470.7 (558.5) 3 412.0 (458.0)

CT Time 38 711.9 (530.4) 7 476.0 (506.0)
Consultant time 28 312.5 (259.5) 21 219.0 (281.1)
Maximum ER census 304 53.6 (7.7) 196 54.2 (7.9)
Hours over maximum ER census 297 10.73(5.18) 196 11.1(5.3)
Total length of stay (LOS) 304 3523 (273.5) 193 511.7 (439.5)
Paramedic off-load time (arrival time to room time) 22 11.8 (13.0) 38 20.7 (43.3)
Triage time to room time 240 27.1 (46.5) 175 13.1 (27.6)
Room time to nurse assessment time 225 294 (26.5) 162 19.1 (19.3)

were found to be significantly different when analyzed by a
paired t-test; these factors were (1) census (hours over capac-
ity) (p<0.01) and (2) the maximum ED census (p<0.01). The
maximum hours over daily census is the number of hours
over a 24-hour period that the ED had patients registered
beyond capacity (based on total number of stretchers). The
regression analysis also found that each additional patient in
the ED increased total LOS by 3%, irrespective of the chief
complaint (log estimate=0.03, p<0.01).

The differences in number of patients dichotomized by if
they exceeded the 360-minute benchmark are shown for the
following four services (>360 minutes vs. <360 minutes): (1)
second lab troponin test (n=5 vs. n=40); (2) ultrasound scan
(n=8 vs. n=33); (3) CT scan (n=11 vs. n=34); and (4) con-
sultant request (n=19 vs. n=29). It was found that 88.8%
(n=40) of patients with a second troponin test exceeded the
benchmark time. The regression model for CP patients found
that a second troponin test increased LOS by 19% (p=0.05).
Of those requiring a consultation, 60.4% (n=29) were found
to have exceeded the wait-time benchmark. The regression
analysis found that a request for a consultant would likely
increase the LOS for patients presenting with AP and CP by
50% (p<0.01) and 27% (p<0.01), respectively.

DISCUSSION

Summarizing the efficiency of the management of
patients presenting to the emergency department with AP or
CP depends on the measure being considered. Evaluating
health outcomes was beyond the scope of this article and
may be excellent despite increased LOS in the ED. If
considering the benchmark times outlining emergency

department LOS times, both AP and CP patients are man-
aged poorly compared to other patients; they were selected
for this study because they were found to have the longest
LOS. Considering the media attention and public awareness
of emergency department LOS, there has been emphasis on
reducing care times. With this in mind, we should seek to
improve the management of patients presenting to the ED
with AP or CP.

There were 500 patients included in the study, of which
40.4% (n=201) had exceeded 360-minute HED&AE bench-
mark from triage to disposition. When comparing front-end
care processes (from registration to physician assessment),
patients presenting with AP experienced greater delays in (1)
receiving an ED room, (2) having nurse and (3) physician
assessment. These differences meant that those presenting
with AP waited on average an additional 40 minutes before
they were assessed by a physician. Perhaps this difference is
because CP symptoms are suggestive of an urgent condition
such as an acute ischemic cardiac event requiring timely
administration of medication to prevent irreversible cardiac
or systemic damage. Despite this front-end delay for those
presenting with AP, however, these patients were discharged
an average of 154 minutes in advance of patients with CP.
This suggests that front-end times are not responsible for ED
delays but rather, the delays are the result of care processes
subsequent to the initial physician assessment.

Patients presenting with CP may have had a troponin test
ordered to help diagnose an acute myocardial infarction. The
mean time to analyze and report this test was 64.9
(SD=35.9) minutes. The troponin test may be repeated 6 to
12 hours later, which was the case for 23.3% (n=45) of
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patients that presented with chest pain (n=193). The delay
necessitated by repeating the troponin test, rather than the
lab’s response time, was found to delay 88.8% (n=40) of
patients beyond the benchmark time.

A greater number of patients requiring CT or US imaging
studies exceeded the benchmark times compared to those
that did not require these services. The time interval between
ordering and receiving the radiological report did not appear
to be predictive of exceeding the benchmark time. Although
CT and US use were associated with a greater LOS, it was
not possible to measure their contribution in the delay
because the reported duration of the procedure was from the
time it was ordered to when it was transcribed; this is well
after when the ED physician would have the information
available to inform the care of the patient.

The maximum daily census and maximum ED census
were found to be significant covariates when stratifying
patients based on an ED LOS of 360 minutes. That both of
these variables are significant in contributing to LOS signifies
that the ED functioning beyond capacity impairs care process-
es, resulting in extended LOS in the ED for patients. Although
it can be safely hypothesized that ED congestion strains phys-
ical and human resources in the ED, the precise components
that are most impacted by congestion requires further study.

When a consultant was requested by the ED physician
(n=49), there was a mean wait-time of 272 (SD=270) min-
utes from the consult request to its completion. Patients with
LOS times that exceeded 360 minutes experienced a mean
consult response time that was 131.2 minutes longer com-
pared to those with a LOS within the benchmark wait-time.
The regression analysis similarly found that consultant
response time significantly increased the total LOS. When
comparing only patients requiring a consultant, it was found
those with AP had a 45% higher probability of having an
increased LOS compared to those presenting with CP. This
difference in consultant response time may be attributed to
the type of consultant required, but not the length of investi-
gations that each specialty requires. In general, CP patients
were consulted by internists, whereas AP patients were con-
sulted by general surgeons.

When comparing patients by method of arrival, the 60
patients that arrived by ambulance were found to have a
LOS which was 232.1 minutes longer in duration compared
to those who were walk-in patients. This difference in LOS
for patients arriving by ambulance can be explained by the
fact that a greater proportion of these patients were present-
ing with CP rather than AP.

Despite differences between the hospital used in this
study and other hospitals that may impair generalizability
(similar staffing, diagnostic services, response times and
patient population), this study informs policy makers of
potential time intervals that should be investigated as they
may be contributing to increased LOS in the ED.

Limitations

Data were obtained for patients who presented to the ED
from June 1 to July 16, 2007. It can be argued that this may
not be representative of other times of the year. However,
patients were selected based on presenting symptoms that
are not dependent on time of year. Furthermore, the care
processes and clinical decisions would be similar despite
occurring at other times of the year, although other types of
patient presentations requiring the same resources may dif-
fer. Another limitation is that the time of day that the care
processes occurred were not adjusted for nor analyzed. This
posed a challenge for implementing a model to interpret the
data because each component of care would need to be
adjusted for, not simply the arrival time and day of week;
these additional variables would require an extremely large
sample size for meaningful results, which was not feasible in
this study.

Re-admission rates were not collected in this study, but it
would have been interesting to consider if LOS corresponds
to re-admission rates. These data were not gathered for two
main reasons. Firstly, we would not be able to determine if
patients presented to another emergency department, there-
by limiting the validity of these data. Secondly, these data
did not contribute to answering our original research ques-
tions. Collecting re-admission rates would be vital for fur-
ther studies investigating quality of care or health care
resource utilization.

CONCLUSIONS

This paper informs clinical practice and policy makers in
two predominant ways. First, this study illustrates the care
processes used routinely by the ED to diagnose and manage
patients at risk of exceeding the benchmark care times.
Second, this paper describes the sources of delays for
patients whose emergency department LOS exceeded the
360-minute benchmark. These delays were from ED con-
gestion, the need to repeat troponin laboratory investiga-
tions, diagnostic imaging and consultant response time. This
information can be used to focus on building capacity
though resource reallocation or through employing addition-
al human resources. Considering alterations in laboratory
procedures, which require advances in methods to obtain
similar findings with reduced time (i.e., repeating troponin
for diagnosing myocardial infarction). Until improved test
methods replace comparing serial troponin measurements,
the need for repeated laboratories investigations can be used
to explain extended duration of ED care for certain patients
to policy makers and the public.

Consultant requests significantly contributed to patients’
experiencing a much greater LOS. To respond to this there
needs to be greater emphasis in emergency departments on
improving consultant response times. This can be achieved
by implementing consultant response times as a performance
measure and pursuing methods to reduce extended delays.
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These methods can include redistribution of resources, such
as an acute care surgery model, or the implementation of pro-
tocols that standardize the evaluation of abdominal and chest
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Englehart and District

Family Health Team

Join our Family Health Team!
Two positions available to complete our
complement of six physicians.

Benefits:

Hospital owned and operated Medical Clinic
High-income salaried position

One-in-six, Scott Sessional

No obstetrics

Eight weeks paid leave for vacation/CME
Generous hospital and underserviced area
incentives including housing.

Our Community:
Excellent schools
Recreational facilities
Organized activities

Contact:
Lois Kozak, CEOQ, at 705 544-2321 or email
lakozak @ edhospital.on.ca






