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Emergency department overcrowding and ambulance
transport delays for patients with chest pain
Michael J. Schull, Laurie J. Morrison, Marian Vermeulen, Donald A. Redelmeier
Abstract
Objective: Emergency department overcrowding sometimes results
in diversion of ambulances to other locations. We sought to determine the resulting prehospital delays for cardiac patients.
Methods: Data on consecutive patients with chest pain who were
transported to Toronto hospitals by ambulance were obtained
for a 4-month period in 1997 and a 4-month period in 1999,
which represented periods of low and high emergency department overcrowding respectively. Multivariate analyses were
used to model 90th percentile system response (initiation of 91-1 call to arrival on scene), on-scene (arrival on scene to departure from scene) and transport (departure from scene to arrival at hospital) intervals. Predictor variables were study
period (1997 or 1999), day of the week, time of day, geographic location of the patient, dispatch priority, case severity,
return priority and number of other patients with chest pain
transported within 2 hours of the index transport.
Results: A total of 3609 patients (mean age 66.3 years, 50.3% female) who met the study criteria were transported by ambulance during the 2 study periods. There were no significant differences in patient characteristics between the 2 periods,
despite the fact that more patients were transported during the
second period (p < 0.001). The 90th percentile system response interval increased by 11.3% from the first to the second period (9.7 v. 10.8 min, p < 0.001), whereas the on-scene
interval decreased by 8.2% (28.0 v. 25.7 min, p < 0.001). The
longest delay was in the transport interval, which increased by
28.4% from 1997 to 1999 (13.4 v. 17.2 min, p < 0.001). In
multivariate analyses, the study period (1997 v. 1999) remained a significant predictor of longer transport interval (p <
0.001) and total prehospital interval (p = 0.004).
Interpretation: An increase in overcrowding in emergency departments was associated with a substantial increase in the
system response interval and the ambulance transport interval
for patients with chest pain.
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A

ccess to rapid emergency care is a cornerstone of
modern health care systems. The unexpected nature
of many illnesses and injuries means that much of
that care cannot be scheduled and occurs outside of regular
business hours. However, widespread reports of emergency
department (ED) overcrowding and ambulance diversion
have cast doubt on the capacity of some emergency systems
to provide consistent and rapid care.1–4

Ambulance diversion systems help in the management
of ambulance traffic during periods of ED overcrowding.
Their purpose is to temporarily slow the influx of new patients to a participating hospital and hence to ease overcrowding. The result is that ambulances do not take patients to the closest hospital but travel instead to an
alternate one further away, which inevitably results in some
prehospital delay.5 However, many ambulance systems allow paramedics to override the diversion status of an ED
when transporting critically ill patients. The extent of prehospital delay caused by these diversion systems is unknown, nor is it known whether override provisions diminish delays for critically ill patients.
Our objective was to determine whether greater ambulance diversion was associated with longer prehospital delays for patients with chest pain. We also sought to determine whether the delay varied with the severity of illness.
We chose to study patients with chest pain since this condition is common, serious and urgent.6–11 Our hypothesis was
that a period of greater ambulance diversion would be associated with ambulance delays for patients with chest pain,
with the longest delay occurring during the transport interval (departure from the scene to arrival at the hospital). We
further hypothesized that this association would not vary
with severity of illness.

Methods
The study setting was the city of Toronto, which has a population of 2.5 million people12 and a single prehospital care provider,
Toronto Emergency Medical Services (EMS). Approximately
120 000 patients are transported annually to Toronto hospitals
(Brian Schwartz, Medical Director, Toronto EMS, personal communication, August 2001). For ambulance dispatch purposes, the
city is divided into 4 geographic quadrants, each quadrant containing 3 to 6 EDs. Ambulance patients are preferentially taken to
an emergency department within their quadrant of origin. ED
staff follow standard ministry of health criteria in determining the
ambulance diversion status of their hospital, on the basis of the
degree of ED overcrowding.13 EDs use the Internet to notify ambulance dispatch of their ambulance diversion status, which may
be normal (all ambulances accepted), redirect consideration (only
ambulances with critically ill patients accepted) or critical care bypass (no ambulances accepted). ED conditions other than normal
expire after a set time interval (120 minutes for redirect consideration, 30 minutes for critical care bypass), although the status can
be renewed, upgraded or downgraded at any time.
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Over the course of our study, the definitions governing the
use of ambulance diversion did not change (see Appendix 1), but
their status was upgraded in 1999 from a ministry guideline to an
enforceable standard, and at that time hospitals agreed to audit
their overall utilization of and reasons for requesting ambulance
diversion.13 The number of ambulances and the organization of
the ambulance system experienced no important changes, although the number of paramedics trained in Advanced Life Support (ALS) increased because of ongoing upgrading of experienced Basic Life Support (BLS) medics. At the outset of the
study, in 1997, the city had 20 EDs; by the end of the study 2 of
these EDs had closed and a third had reduced its operating
hours. We chose the 2 study periods for our analysis such that no
ED closures occurred within 6 months of either period, so that
our results would not be affected by any acute disruptions just
before or just after the closures. Patients were identified from
electronic ambulance call records of the Toronto EMS database.
Ambulance call records were included in the analysis if they met
the following criteria: an unscheduled patient transport to hospital occurred, the patient was over 18 years of age, the patient’s
chief complaint was chest pain and the call originated in the city
of Toronto. Records were excluded if the transported patient had
been pronounced dead at home, if the record was a duplicate
(i.e., tiered-response cases) or if needed data elements were missing or uninterpretable.
Two cohorts of patients were created, consisting of all eligible
patients transported during two 4-month periods: Feb. 1 to May
31, 1997 (first period), and Feb. 1 to May 31, 1999 (second period). These dates were chosen to allow comparison of a period
of lower overcrowding with a period of significantly higher overcrowding (Fig. 1). Even the most severely affected month in 1997
had a lower rate of overcrowding than the least severely affected
month in 1999 (Table 1). The duration of each period (4
months) ensured adequate sample size, and the same calendar

months were used to control for seasonal variations. January was
excluded from both periods because of extraordinarily heavy
snowstorms in January 1997.
Our main outcome was the transport interval, the interval
from departure from the scene to arrival at the hospital.14 Secondary outcomes included the system response interval (the time
from receipt of the 9-1-1 call to arrival of EMS personnel on the
scene), the on-scene interval (the time from arrival on the scene to
departure) and the total prehospital interval (the time from receipt
of the 9-1-1 call to arrival at the hospital).14 For all intervals, we
used the 90th percentile statistic, since this is an accepted metric
in evaluation of the prehospital system.15,16
The main independent variable was the study period during

Table 1: Monthly overcrowding of Toronto emergency
departments in 1997 and 1999
Year; % of time each
month*
Overcrowding level
Redirect consideration
Mean
Median
Range
Critical care bypass
Mean
Median
Range

1999

13.4
13.9
8.7–18.1

25.3
23.5
20.8–37.9

+89

1.5
1.5
0.7–2.6

6.3
5.1
3.4–16.6

+320

*Calculated as the percentage of time per month spent with redirect consideration status
or critical care bypass status (see Appendix 1 for definitions), averaged across all
emergency departments.
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Fig 1: Emergency department (ED) overcrowding in Toronto, 1991–2001, as represented by
the mean monthly duration of ambulance diversion at all EDs in the city. Redirect consideration = all ambulances diverted, except those with critically ill patients, critical care bypass = all ambulances diverted, including those with critically ill patients.
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which the patient was transported (first, in 1997, or second, in of the 90th percentile as the outcome measure).15,16 These meth1999). The covariates were age; sex; severity of illness, as assessed ods may be useful to explore whether the effect of interest varies
by the paramedics (low v. high, with low defined as minor or depending on the quantile chosen. For each regression analysis,
moderate and high as severe or life-threatening); dispatch priority, the dependent variable was the 90th percentile for the given time
which reflects the urgency with which the ambulance should be interval, and each model was adjusted for the full set of covaridispatched to the scene17 (low v. high, with low defined as A, B or ates. In a secondary analysis, we added an interaction term beC and high as D); return priority, which reflects the urgency of tween case severity and study period to test whether the associatransporting the patient to hospital17 (low v. high, with low de- tion between ambulance diversion and prehospital delays varied
fined as prompt and high as urgent); day of the week (weekend v. with severity of illness. The bootstrap resampling method18 was
weekday); time of day (daytime, evening or night); quadrant of used to calculate standard errors. Sensitivity analyses were conorigin (northwest, northeast, southwest or southeast); and number of concurrent transports of
other patients with chest pain (the total number of
Table 2: Demographic, dispatch and prehospital characteristics of patients
patients with chest pain transported by ambulance
with chest pain in 1997 and 1999
in the 2 hours before and the 2 hours after the paYear; no. (and %) of patients*
tient’s request for an ambulance).
To estimate changes in traffic density from
Variable
1997
1999
p value
1997 to 1999, we obtained monthly 90th perDemographic
centile fire department response times for cardiac
No. of patient transports
1547
2062
< 0.001
arrests in the 2 study periods, since all 9-1-1 calls
Mean patient age, yr
67.3
67.1
0.67
for cardiac arrest generate simultaneous responses
from police, fire and ambulance services. Our ra778 (50.6)
1031 (50.1)
0.90
Sex, % female†
tionale was that if roadway congestion differed sufTemporal
ficiently to affect emergency ambulance calls, the
Day of week
0.61
response time of fire department vehicles to calls
Weekend
401 (25.9)
550 (26.7)
of similar urgency would be similarly affected.
Weekday
1146 (74.1)
1512 (73.3)
Demographic and other data on consecutive
Shift
0.41
patients with chest pain transported by ambuDay
615 (39.8)
775 (37.6)
lance were obtained from the Toronto EMS
Evening
495 (32.0)
689 (33.4)
database, a comprehensive population-based regNight
437 (28.2)
598 (29.0)
istry that includes all patients with a chief comGeographic (city quadrant)
0.30
plaint of chest pain. Transport times were generated automatically by a central clock at dispatch
Southwest
463 (29.9)
623 (30.2)
headquarters, on the basis of 9-1-1 call times and
Southeast
398 (25.7)
489 (23.7)
activation of the ambulance’s communications
Northwest
330 (21.3)
487 (23.6)
console by paramedics each time the ambulance
Northeast
356 (23.0)
463 (22.5)
began or finished a transport interval. In rare
Prehospital characteristics
cases, trained data-entry clerks manually entered
Concurrent calls for chest
times into the database from information in ampain, median (and IQR)
2 (1–3)
3 (2–4)
< 0.001
bulance call records. The EMS data-entry softCrew type
ware had been used since 1997, and regular qualBLS or other
525 (33.9)
980 (47.5)
< 0.001
ity assurance audits were carried out to ensure the
ALS
1022 (66.1)
1082 (52.5)
accuracy of data in the EMS database (Brian
Dispatch priority
Schwartz, Medical Director, Toronto EMS, perA (lowest)
30 (1.9)
37 (1.8)
0.98
sonal communication, September 2000). Data on
90th percentile fire department response times
B
57 (3.7)
74 (3.6)
for cardiac arrests for the period January 1997 to
C
193 (12.5)
252 (12.2)
May 1999 were obtained from the Toronto Fire
D (highest)
1267 (81.9)
1699 (82.4)
Department.
Case severity‡
Univariate comparisons were made with the
Minor
177 (11.8)
197 (10.0)
0.15
2
χ test, Fisher’s exact test or Wilcoxon rank-sum
Moderate
649 (43.4)
922 (46.9)
test. Multivariate analyses of the relation between
Severe
505 (33.8)
638 (32.4)
study period and ambulance transport interval
Life-threatening
163 (10.9)
210 (10.7)
were conducted by quantile regression. In conReturn priority
trast to typical linear regression, in which the dePrompt
1052 (68.0)
1310 (63.5)
0.01
pendent variable is the mean, quantile regression
uses a percentile (e.g., 50th, 90th or 95th) as the
Urgent
495 (32.0)
752 (36.5)
dependent variable.18,19 This method is useful in
Note: IQR = interquartile range, BLS = basic life support, ALS = advanced life support.
prehospital research because time intervals are
*Except where indicated otherwise.
†This information was available for 1538 of 1547 patients transported in 1997 and 2058 of 2062 patients
highly skewed and because the analysis is typically
transported in 1999.
done to determine the performance of the system
‡This information was available for 1494 of 1547 patients transported in 1997 and 1967 of 2062 patients
transported in 1999.
for a large majority of patients (hence the choice
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ducted with the 50th and 95th percentiles of the prehospital intervals. A sample-size calculation (with α = 0.05 and β = 0.80)
showed that 1000 observations would be sufficient to reveal even
a very small effect size in the relation between study period and
transport interval.20,21

Results
A total of 35 876 patients were transported by ambulance in the 2 study periods. Of these, 4268 had a chief
complaint of chest pain and were eligible for our study.
We excluded ambulance records with incomplete time
data (n = 434) or uninterpretable time intervals (n = 225),
which left a total of 3609 patient transports for analysis.
The average age of all patients was 66.3 years, and 1809
were female (50.3% of the 3596 for whom this information was available). Most patients were transported on
weekdays (2658 [73.6%]), during the daytime (1391
[38.5%]) or evening (1184 [32.8%]). A high dispatch priority was accorded to 2966 (82.2%) of all calls, paramedics
judged the case severity as severe or life-threatening in
1516 (43.8%) of the 3461 cases for which this information
was available, and the return priority was classed as urgent
in 1247 (34.6%) of all cases.
Overall, the demographic characteristics of the 2 groups
were well matched, as were temporal and geographic distributions (Table 2). Dispatch and return priorities and case
severity were also very similar, although there was a trend
toward higher return priority in the second cohort. In the
second study period, more patients were transported for
chest pain, which meant that there were more concurrent
transports, and patients in this cohort were less likely to receive care from an ALS crew.
The 2 groups differed significantly in terms of all 3 prehospital intervals (Table 3). The change in interval varied
from a 2.3-minute decrease (8.2%) in the on-scene interval
to a 3.8-minute increase (28.4%) in the transport interval.
The largest change, in both absolute and relative terms,
was the increase in the transport interval from 1997 to
1999 (Table 3). The 2 cohorts did not differ in the frequency of prehospital cardiopulmonary resuscitation, cardioversion or defibrillation (Table 4). We did observe a
significant difference in the change in patient status between the paramedics’ first assessment and assessment

upon arrival at hospital: in the second study period, the
status of a smaller proportion of patients improved or
worsened, that of a greater proportion of patients remained unchanged, and vital signs became absent for a
greater proportion (Table 4).
There was no significant difference between the 2
study periods in 90th percentile response times for the
fire department for tiered-response cardiac arrest calls. In
1997, the mean 90th percentile response time was 5.8
minutes (95% confidence interval [CI] 5.6–6.0), whereas
in 1999 it was 6.1 minutes (95% CI 5.9–6.3) (p for difference = 0.25).
The second study period (in 1999) remained a highly
significant predictor of delays in the transport interval in
the multivariate analysis (p < 0.001) (Table 5). The independent effect of being transported in the second study period was an increase in transport interval of 3.5 minutes,
which represented the largest effect size of any variable in
the model. As expected, transport interval was significantly
shorter for patients transported at night and for those with
a high case severity or high return urgency; the transport
interval was also shorter for those originating from the
northeast quadrant. ALS paramedics were associated with a
significantly longer transport interval.
Table 4: Prehospital interventions and patient status on
arrival at hospital for patients with chest pain, 1997
and 1999
Year; no. (and %) of patients
Variable
Interventions
CPR
Cardioversion
Defibrillation
Patient status*
Improved
Unchanged
Worse
Became VSA

1997

1999

4 (0.3)
1 (0.1)
6 (0.4)

4 (0.2)
2 (0.1)
5 (0.2)

782 (50.8)
721 (46.8)
37 (2.4)
0 (0.0)

912 (44.4)
1105 (53.8)
34 (1.7)
3 (0.1)

Change (1997 to 1999)

Interval*

1997

1999

Absolute, min

Relative, %

p value

System response
On-scene
Transport
Total prehospital

9.7
28.0
13.4
44.8

10.8
25.7
17.2
46.2

+1.1
–2.3
+3.8
+1.4

+11.3
–8.2
+28.4
+3.1

< 0.001
< 0.001
< 0.001
0.2

*System response interval = time from 9-1-1 call to arrival on scene, on-scene interval = time from arrival on scene to
departure from scene, transport time = time from departure to arrival at hospital.
†Data are given as the 90th percentile.
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0.7
0.7
0.4
< 0.001

Note: CPR = cardiopulmonary resuscitation, VSA = vital signs absent.
*Paramedics’ assessment of the change in patient status from the first assessment
until arrival at the hospital. This information was available for 1540 of 1547
patients transported in 1997 and 2054 of 2062 patients transported in 1999.

Table 3: Ambulance transport intervals in 1997 and 1999
Year ; time,† min

p value

Delays for patients with chest pain

The second study period was also an independent predictor of a 1.1-minute increase in system response interval
and a 1.3-minute decrease in on-scene interval. Older patient age, female sex and ALS crew type were all significant
predictors of longer on-scene interval; indeed the presence
of an ALS crew independently lengthened the 90th percentile on-scene interval by 5.6 minutes (22%). Not surprisingly, the system response interval was shorter in cases
of high dispatch priority, and the northwest quadrant was
associated with a small delay.
Overall, the second study period was a significant independent predictor of a 2.1-minute increase in the total prehospital interval (p = 0.004). Transport at night, high dispatch priority, high case severity and high return urgency
were all significant predictors of shorter total prehospital
interval. In contrast, female sex, older age and the presence
of an ALS crew all predicted longer total prehospital intervals. An interaction term between case severity and study
period was introduced to test whether delays were different
for patients with higher or lower severity of illness, but it
was not significant in any model.
In sensitivity analyses using the 50th and 95th percentiles, the second study period remained a significant
independent predictor of prehospital delays. The transport interval was 1.0 minute longer at the 50th percentile
(p < 0.001) and 9.3 minutes longer at the 95th percentile
(p < 0.001), increases of 14% and 40% respectively. The
system response interval was 0.5 minute longer at the
50th percentile (p < 0.001) and 1.1 minutes longer at the
95th percentile (p < 0.001), increases of 7% and 9%
respectively.

Interpretation
In this study, we found that a period of greater ED overcrowding was associated with significant delays in the ambulance transport of patients with chest pain. The greatest
delay was in the transport interval, and there was a smaller
delay in the system response interval. These delays persisted even after adjustment for dispatch, transport and patient characteristics, including a measure of severity of illness. Overall, the inceases in system response and transport
intervals were only partially mitigated by a decrease in the
on-scene interval, which resulted in a net increase in the total prehospital interval in 1999. We believe that our results
reflect the impact of the increasing use of ambulance diversion to relieve hospital overcrowding.
A second important observation is that the prehospital
delays associated with ambulance diversion were similar regardless of patients’ severity of illness. This implies that
protocols to override the diversion status of EDs fail to reduce delays for critically ill patients during periods of
greater ambulance diversion. Sensitivity analyses demonstrated that ambulance diversion was an independent predictor of longer prehospital delays regardless of the percentile analyzed, but the magnitude of the delay increased
progressively across percentiles. Thus, while the delay in
the transport interval for most patients was between 14%
and 23%, a smaller proportion had much longer delays (up
to 40%). However, since our analysis used an ecologic
measure of ambulance diversion, we cannot make inferences about the effect on individual patients.
We do not know the exact clinical importance of a 3.8-

Table 5: Multivariate analysis of 90th percentile prehospital intervals for 3460
patients with chest pain transported by ambulance
Interval; change in interval, min
System
response

On-scene

1999 time period (v. 1997)
Age (per decade)
Female sex (v. male)
Weekday (v. weekend day)
Concurrent calls (per call)
ALS crew (v. BLS or other)

1.1*
–0.1
0.1
–0.1
0.0
0.2

–1.3†
0.6*
1.3*
0.7
0.2
5.6*

Night shift (v. day shift)
Evening shift (v. day shift)
High dispatch priority (v. low priority)‡
High case severity (v. low severity)§
High return priority (v. low priority)¶
Quadrant southeast (v. southwest)
Quadrant northwest (v. southwest)
Quadrant northeast (v. southwest)

0.0
0.0
–1.1†
0.2
0.0
–0.3

0.8
0.7
–1.0
0.1
0.2
1.0
–0.3
–0.1

Characteristic

0.6†
0.6

Transport
3.5*
0.0
0.4
0.3
0.0
1.4†
–2.6*
0.1
–0.4
–1.4†
–2.2†
–1.1
0.5
–1.7*

Total
prehospital
2.1†
0.7*
2.5†
0.4
0.1
5.6*
–1.7†
0.0
–1.9†
–1.8†
–2.0†
–0.5
0.1
–1.1

*Significant at the p < 0.001 level.
†Sgnificant at the p < 0.05 level.
‡Analysis based on dichotomized dispatch priority (D = high; A, B, C = low).
§Analysis based on dichotomized case severity (severe or life-threatening = high, minor or moderate = low).
¶Analysis based on dichotomized return priority (urgent = high, prompt = low).

CMAJ • FEB. 4, 2003; 168 (3)

281

Schull et al

minute increase in the 90th percentile for the transport interval. From the perspective of an individual patient this
increase might appear small, but from the perspective of
the prehospital system it is not trivial. Each year in
Toronto, about 5000 patients with chest pain are transported by ambulance. Up to 20% of these patients have
acute myocardial infarction,7,22 and 10% of those may require thrombolysis.23 Thus, for every 5000 ambulance patients with chest pain, approximately 100 are candidates
for thrombolytic therapy. On the basis of the delays we
observed at the 50th, 90th and 95th percentiles, we estimated an average increase in the transport interval of approximately 2.8 minutes per patient in the period of
greater ambulance diversion (in 1999). A 30-minute delay
in the initiation of thrombolysis can shorten average survival of patients with acute myocardial infarction by 1
year,24,25 so a 3-minute delay might shorten survival by as
much as 0.1 year. Therefore, on an ecologic level, an increase in transport time of 2.8 minutes each for 100
thrombolysis patients could amount to 10 years of life lost
annually in our study setting. However, these adverse outcomes are unlikely to manifest themselves in the ambulance or even the ED. Therefore, it is necessary to determine patients’ outcomes well beyond their arrival at the
hospital door to gain a true understanding of the impact of
overcrowding on these outcomes.
Our study was limited by several factors. First, other
contemporaneous factors may have contributed to delays,
although we are aware of no important changes in the
operation of ambulance, emergency or other health services in the region that are likely to have contributed to
our findings. There were no changes in the definitions of
prehospital intervals or in the implementation or interpretation of guidelines governing the use of ambulance
diversion over the study period. It is unlikely that our
findings resulted from the permanent closure of 2 EDs.
All closures occurred in the west of the city, and the significant effect of study period remained after we adjusted
for quadrant of origin. We were unable to control fully
for traffic density, but time of day and day of week are
both proxy measures of this factor. Because this was a before-and-after study, we cannot assess whether prehospital delays increase only after a certain threshold for ambulance diversion is reached or whether a dose-response
relation is present. The most important limitation was
that we had no patient-specific measure of ED overcrowding, but rather calculated it on an ecologic level. As
a result, we cannot make inferences about the impact of
ambulance diversion on prehospital delays for individual
patients.
Our results suggest that ambulance diversion is more
than an operational obstacle: it can also cause important
delays for critically ill patients. A better understanding of
how the delays vary for different patients and, more important, what leads to ED overcrowding in the first place,
should be the focus of future research.
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Appendix 1: Ontario Ministry of Health definitions of
13
ambulance diversion status
Status

Description

Normal

Redirect consideration

Critical care bypass
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