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ABSTRACT

Background: The Vancouver Chest Pain Rule 

is designed to safely reduce hospital admis-

sions of emergency department patients with 

chest pain. We describe the impact of provincial 

implementation of the Vancouver Chest Pain 

Rule on hospital admissions. 
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Province-wide implementation 
of the Vancouver Chest Pain Rule 
Provincial implementation of the Vancouver Chest Pain Rule was 
associated with 1300 fewer hospitalizations annually and fewer 
consultations, follow-up visits, diagnostics, and adverse cardiac events.
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Methods: From 2017 to 2018, in 29 British 

Columbia emergency departments that had 

a wide range of patients and resources, we 

encouraged the use of the Vancouver Chest 

Pain Rule via a coordinated campaign that 

included in-person meetings, webinars, and 

online messaging. In a retrospective cohort, we 

collected all chest pain patients from 2016 to 

2017 (before) and 2018 to 2019 (after) for the 

primary outcome of 30-day hospital admission. 

Results: We collected 94 058 (before) and 

90 170 (after) visits. Median ages (56), gender 

(female: 50%), and comorbidities were simi-

lar. The admission rate decreased from 23.7% 

to 22.5% (relative decrease 5.3%; absolute 

decrease 1.3%).

Conclusions: An organized implementation of 

the Vancouver Chest Pain Rule was associated 

with a 5.3% relative reduction in hospitaliza-

tions, which translates to 1300 fewer hospital-

izations annually.

Background
Approximately 5% of North American 
emergency department visits involve the 
evaluation of acute chest pain,1 which trans-
lates to 90 000 annual visits for chest pain 
in British Columbia.2 While few of these 
patients will have an acute coronary syn-
drome, to ensure safety, many will undergo 
prolonged observation and intensive test-
ing. In low-risk patients, these tests may 
be unnecessary, lead to false positives, and 
divert resources from higher-risk patients in 

the emergency department. Various scoring 
systems have been devised to identify chest 
pain patients who are at low risk and can 
be safely discharged from the emergency 
department with little follow-up testing.2-9 

In particular, use of the HEART score, 
which provides 6-week estimates of acute 
coronary syndrome risk for chest pain pa-
tients, has been popular, and implemen-
tation of HEART-based risk scores8,9 to 
standardize emergency department man-
agement of chest pain patients has resulted 
in either no change10 or some decreases in 
hospital admissions, while maintaining safe-
ty.11-13 While these studies have typically 
been conducted in a small number of mo-
tivated academic sites, it is unclear whether 
such decreases would be achievable across a 
wider geographic setting with many emer-
gency departments, many of which have 
limited resources. However, the HEART 
score can also be challenging to use in a 
clinical sense: even the lowest-risk patients 
have a 1.7% risk of acute coronary syndrome 
within 6 weeks.8,9 Should an emergency 
physician discharge a patient back to pri-
mary care under these circumstances, or 
should the patient be admitted to hospital 
for additional testing?

In contrast, the Vancouver Chest Pain 
Rule [Box], which was derived7 and vali-
dated,7,14 does not provide acute coronary 
syndrome risk estimates per se. Rather, it 
provides physicians with guidance on when 
to safely discharge patients without addi-
tional investigations (such as stress tests) 
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or hospital admission. The main goal of 
the Vancouver Chest Pain Rule is to re-
duce admissions of low-risk patients. The 
rule is more than 99% sensitive and more 
than 20% specific for acute coronary syn-
drome.7,14 We hypothesized that if we con-
ducted an organized campaign to promote 
use of the Vancouver Chest Pain Rule by 
BC emergency department physicians and 
regional leaders, this would be associated 
with a lower 30-day hospital admission rate 
and a lower emergency department revisit 
rate and stress test rate, without a change 
in mortality. Recently, across 13 Southern 
California sites, all within the same organi-
zation with the same electronic medical re-
cord, the introduction of a HEART-based 
pathway reduced admissions from 14.7% to 
13.2%, a relative 10% decrease.13 Consid-
ering our setting was far more diverse in 
terms of population, geography, distance, 
resources, and medical informatics, we felt 
that a 5% relative decrease in hospital ad-
missions was reasonable. 

Methods
Setting and study type
To examine potential decreases in hospi-
tal admissions for chest pain patients after 
the dissemination of information on the 
Vancouver Chest Pain Rule, we completed 
a retrospective analysis using linked data-
bases in BC, which had a population of 
approximately 5 million during the study 
period. BC has more than 100 emergency 
departments, which are remarkably diverse. 
Twenty-nine emergency departments—in-
cluding the five sites that have full cardio-
vascular capability—report to a provincial 
database and serve more than 90% of BC’s 
population. The 12 largest sites are staffed 
with board-certified emergency physicians 
and cardiologists; other sites have substan-
tial proportions of primary care physicians 
that staff emergency departments and may 
have internists rather than cardiologists. 
All sites have at least telephone access to 
an on-call cardiologist, and although pa-
tients at such sites can be admitted to an 
internal medicine ward, those who require 
coronary interventions must be transported 

to one of the five sites with full cardiovas-
cular capability.

For patients with potential ischemic 
chest pain, Canadian emergency physi-
cians employ unstructured judgment and 
typically have wide latitude in obtaining 
emergency department–based investiga-
tions and treatments, hospital-based con-
sultations, and medication adjustments. 
Emergency physicians also have an array of 
options for outpatient follow-up, including 
cardiology consultations; exercise stress test-
ing, which is widely available; and nuclear 
medicine scanning, stress echocardiogra-
phy, and coronary computed tomography 
angiography, which are available at only a 
few large centres.

If the emergency physician deems the 
patient at low risk of acute coronary syn-
drome, the patient’s consultations and in-
vestigations are deferred to the outpatient 

setting. (Consultations and outpatient tests 
are typically available within 2 weeks, but 
patients with worsening symptoms dur-
ing that period are instructed to return to 
hospital for additional evaluation and pos-
sible admission.) Consequentially, index 
visit admissions are generally reserved for 
high-risk patients, such as those with acute 
myocardial infarctions and unstable angina; 
in Canada, the admission rate is approxi-
mately 25%.2,15 

Intervention
Emergency Care BC16 (formerly known 
as the BC Emergency Medicine Network, 
which was governed and funded by the 
BC Academic Health Science Network) 
is now a Health Improvement Network in 
the Provincial Health Services Authority 
with the goal of improving emergency care 
in BC. It has more than 1000 physician 

BOX. Vancouver Chest Pain Rule.

Yes

Discharge, no 
follow-up

Positive troponin at 
zero or 2 hours

Cannot 
discharge 

Is pain replicable  
with palpation? 

Cannot 
discharge

Abnormal first 
electrocardiogram 

Cannot 
discharge

Age ≥ 50 years or 
radiating pain? 

Discharge home after 
2 hours’ observation 

without follow-up 

History of acute 
coronary syndrome or 

prior nitrate use 

Cannot 
discharge 

No

No

No

No

No

Yes

Yes

Yes

Yes
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members and, as a learning health system, 
acts as an information exchange and knowl-
edge implementation platform to promote 
best practices across the province’s diverse 
emergency departments. From late 2017 
to mid-2018, emergency physician topic 
experts visited sites, including rural and 
remote areas; held town hall meetings and 
webinars; and provided relevant educa-
tional information about the Vancouver 
Chest Pain Rule to emergency department 
heads and regional leaders. The Emergency 
Care BC website and social media feeds 
encouraged the use of the Vancouver Chest 
Pain Rule. Emergency Care BC leadership 
sought feedback on the knowledge trans-
lation approach and made changes to it as 
suggested by physicians, emergency depart-
ment heads, and regional leaders.

Patient selection
Using the validated National Ambulatory 
Care Reporting System,17 we collected con-
secutive patients from 1 September 2016 to 
31 August 2019 who presented with Cana-
dian Emergency Department Information 
System18 complaints 003 (chest pain with 
cardiac features) or 004 (chest pain with 
noncardiac features) or ICD-10A codes 
R07.4 (chest pain), I21.9 (acute myocar-
dial infarction), I20.0 (unstable angina), 
or I20.9 (angina pectoris). Patients could 
be included if they re-presented at least 30 
days after the index emergency department 
visit. We linked these patients to several 
provincial databases. We used the Canadian 
Institute for Health Information Discharge 
Abstract Database19 to identify all hospital 
admissions, emergency department visits, 
and cardiac procedures up to 30 days past 
the index emergency department visit. We 
also used this database to identify cardiac 
procedures in the year prior to the index 
emergency department visit. 

We used the provincial Medical Services 
Plan billing database20 to ascertain cardio-
vascular comorbidities identified over the 
year prior to the emergency department 
visit, but we realized this would result in 
a systemic undercount of all comorbidi-
ties, because patients may not have visited 

their primary care physician, internist, or 
cardiologist during that time frame. How-
ever, the main purpose of this information 
was not to ascertain the exact risk profile of 
each patient, but to ensure that the before 
and after groups were reasonably similar. 
The same database was also used to obtain 
information on stress tests and cardiology, 
internist, and primary care visits in the 30 
days after the index emergency department 
visit. All data were provided as aggregated 
rather than line items. 

Outcomes
The primary outcome was 30-day admis-
sions, defined as the sum of admissions 
at the index emergency department visit 
and additional hospital admissions within 
30 days. We reasoned this might include 
patients who were admitted at the index 
visit and again within 30 days or patients 
who were readmitted with a noncardiac 
cause, but we would not expect a differ-
ence in this ratio between study periods. 
While Poldervaart and colleagues10 docu-
mented no before–after changes, Mahler 
and colleagues11,12 and Sharp and col-
leagues13 estimated at least 10% relative 
decreases in admissions; however, we ex-
pected lower decreases, given that Canadian 
chest pain admission rates are already far 

lower at baseline3,14 than those described 
by Mahler and colleagues and Sharp and 
colleagues.11-13

We measured additional outcomes at 30 
days: emergency department revisits after 
index visit discharge, the number of stress 
tests conducted, follow-up visits (cardiol-
ogy, internal medicine, and primary care), 
revascularizations (percutaneous coronary in-
tervention and coronary artery bypass graft-
ing), and mortality. We expected the latter 
two outcomes to have low absolute numbers. 

Data analysis
We used Microsoft Excel 2019 (Microsoft 
Corporation, Redmond, WA) and SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC) 
for data entry and analysis. We reported 
discrete variables as percentages and con-
tinuous variables as means with standard 
deviations if normally distributed or as me-
dians with interquartile ranges otherwise. 
The unit of analysis was the patient encoun-
ter. We had no way to address missing data. 
Given that the educational intervention 
took place from late 2017 to mid-2018, we 
used a “before” time period of 1 September 
2016 to 31 August 2017 and an “after” time 
period of 1 September 2018 to 31 August 
2019. We used appropriate testing, includ-
ing Student’s t tests, chi-square tests, and 

Variable
Before (n = 94 058)

n (%) unless indicated
After (n = 90 170)

n (%) unless indicated
Difference

n (%) (95% CI)

Unique patients 	 85 015	(90.4) 	 81 894	(90.8) 	 0.4 (0.02 to 0.07)

Median age (years) 
(interquartile range)

	 56	(40 to 70) 	 56	(40 to 70) 	 0

Female patients 	 42 455	(49.9) 	 41 506	(50.7) 	 0.7 (0.4 to 1.0)

Ambulance arrival 	 22 821	(24.2) 	 20 855	(23.1) 	 1.1 (0.7 to 1.5)

Comorbidities identified in past year

Diabetes 	 4 060	(4.3) 	 3 789	(4.2) 	 −0.1 (−0.3 to 0.07)

Hypertension 	 3 225	(3.4) 	 3 006	(3.3) 	 −0.1 (−0.2 to 0.07)

Percutaneous coronary 
intervention 

	 468	(0.5) 	 383	(0.4) 	 −0.07 (−0.1 to 0.0)

Coronary artery bypass 
graft 

	 252	(0.3) 	 197	(0.2) 	 −0.05 (−0.1 to 0.0)

TABLE 1. Demographics and baseline variables.
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Fisher exact tests, to ascertain any differ-
ences. Due to the retrospective nature of 
this study, the wide setting, and the pro-
longed data collection period, we expected 
to obtain very large numbers of patients.

The Research Ethics Board of Provi-
dence Health Care approved this study. 

Results
The 2016–2017 (before) cohort had 94 058 
encounters (85 015 unique patients); the 

2018–2019 (after) cohort had 90 170 en-
counters (81 894 unique patients). The 
median age in both cohorts was the same, 
and the proportion of females was similar 
[Table 1]. 

The proportion of patients with 
same-year diagnoses of high blood pressure 
and diabetes in each cohort was similar, as 
was the proportion with same-year percu-
taneous coronary intervention and coronary 
artery bypass graft [Table 1].

Overall, 23.7% of encounters (95% CI, 
23.4 to 24.0) in the before cohort and 22.5% 
(95% CI, 22.2 to 22.8) in the after cohort 
were admitted by 30 days, an absolute re-
duction of 1.3% and a relative reduction of 
5.3%. The proportion of patients admitted 
at the index visit declined from 15.7% to 
14.8%, a decrease of 0.9% and a relative 
reduction of 5.6%; the proportion of pa-
tients admitted after the index visit up to 30 
days declined from 8.1% to 7.7%, a decrease 
of 0.4% and a relative reduction of 4.3%. 
The proportion of patients that revisited an 
emergency department for any cause within 
30 days declined from 30.4% to 29.4%, a 
decrease of 1.0% and a relative reduction 
of 3.3%. All declines were statistically sig-
nificant [Table 2]. 

At 30 days, 77.9% of follow-up physi-
cian visits took place in the before period 
and 77.2% occurred in the after period, a 
significant reduction of 0.6%. The propor-
tion of follow-up diagnostics decreased 
from 28.3% to 26.6%, an absolute reduc-
tion of 1.7% and a relative reduction of 6.0% 
[Table 2]. 

Overall, in the before and after cohorts, 
4.7% and 4.8% of patients, respectively, had 
percutaneous coronary intervention and 
2.2% and 2.0% of patients, respectively, had 
a coronary artery bypass graft; neither was 
a significant change. Thirty-day mortality 
in both groups was 0.6%. Major adverse 
cardiac events decreased significantly from 
3.5% in the before cohort to 3.2% in the 
after cohort, a reduction of 0.3% (95% CI, 
−0.47 to −0.14) [Table 2].

Discussion
Our analysis of nearly 185 000 patients in 
BC who were admitted to the emergency 
department with potential ischemic chest 
pain indicated that the use of the Vancou-
ver Chest Pain Rule was associated with 
a relative 5.3% reduction in 30-day hos-
pital admissions, which translates to ap-
proximately 1300 fewer hospitalizations 
annually. In addition, there were significant 
decreases in consultations, follow-up visits, 
diagnostic testing, and major adverse car-
diac events. Given that the typical length 

Variable 
Before (n = 94 058)

n (%) 
After (n = 90 170)

n (%) 
Difference

n (%) (95% CI)

Admissions

All admissions to  
30 days*

	 22 328	(23.7) 	 20 278	(22.5) 	 −1.3 (−1.6 to −0.9)

At index visit 	 14 734	(15.7) 	 13 315	(14.8) 	 −0.9 (−1.23 to −0.57)

After index visit to  
30 days

	 7 594	(8.1) 	 6 963	(7.7) 	 −0.4 (−0.6 to −0.1)

All-cause emergency 
department revisit to 
30 days 

	 28 607	(30.4) 	 26 529	(29.4) 	 −1.0 (−1.4 to −0.6)

30-day physician visits

Cardiology 
consultation

	 18 173	(19.3) 	 18 806	(20.9) 	 1.5 (1.2 to 1.9)

Internist consultation 	 7 750	(8.2) 	 2 480	(2.8) 	 −5.5 (−5.7 to −5.3)

Primary care visit 	 54 338	(57.8) 	 48 384	(53.6) 	 −4.1 (−4.6 to −3.7)

Total follow-up visits 	 73 286	(77.9) 	 69 670	(77.2) 	 −0.6 (−1.0 to −0.2)

30-day diagnostics

Exercise stress test 	 22 418	(23.8) 	 20 384	(22.6) 	 −1.2 (−1.6 to −0.8)

Nuclear medicine scan 	 4 058	(4.3) 	 3 379	(3.8) 	 −0.5 (−0.8 to 0.4)

Echocardiogram 	 142	(0.2) 	 182	(0.2) 	 0.05 (0.1 to 0.9)

Total follow-up 
diagnostics

	 26 617	(28.3) 	 23 945	(26.6) 	 −1.7 (−2.1 to −1.3)

30-day outcomes

Percutaneous 
coronary intervention 

	 2 690	(4.7) 	 2 450	(4.8) 	 0.03 (−0.2 to 0.3)

Coronary artery 
bypass graft

	 1 254	(2.2) 	 1 030	(2.0) 	 −0.2 (−0.40 to −0.04)

Mortality 	 580	(0.6) 	 532	(0.6) 	 −0.03 (−0.10 to 0.04)

Major adverse cardiac 
event

	 3 294	(3.5) 	 2 886	(3.2) 	 −0.3 (−0.47 to −0.14)

TABLE 2. 30-day outcomes before and after the introduction of the Vancouver Chest Pain Rule.

* Primary outcome.
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of stay in a Canadian hospital for a patient 
admitted with chest pain is 2 to 6 days,17 
in BC, which has a population of 5 million 
people and more than 90 000 hospital visits 
for chest pain annually, implementation of 
the Vancouver Chest Pain Rule would likely 
save 2600 to 7800 hospital bed days; hun-
dreds of hospital-to-hospital transfers from 
smaller sites to larger, angiography-capable 
sites; thousands of follow-up visits and di-
agnostic investigations; and 900 emergency 
department return visits per year—along 
with millions of dollars—while maintain-
ing similar safety outcomes. 

Prior work has shown that implementa-
tion of an organized approach to emergency 
department chest pain management has 
reduced hospitalizations, although these 
approaches have been used at single sites 
or in health networks that have large, rea-
sonably comparable emergency depart-
ments.10-13,21 Poldervaart and colleagues 
used a stepped-wedge design to explore 
the effect of using a HEART-based clini-
cal pathway in emergency departments in 
10 Netherlands sites, ranging from 500 to 
1200 inpatient beds, for patients with chest 
pain.10 No differences between the before 
and after cohorts were found, and adjusted 
admissions decreased by a nonsignificant 
0.7%.10 At a single North Carolina emer-
gency department with more than 100 000 
annual visits, Mahler and colleagues ran-
domly assigned 282 chest pain patients to 
a HEART-based pathway versus usual care 
and reported a decrease in index admis-
sions from 78% to 60%, a commensurate 
decrease in objective cardiac testing, and no 
change in major adverse cardiac events or 
mortality at 30 days.11 Finally, Sharp and 
colleagues studied more than 65 000 chest 
pain patients across 13 emergency depart-
ments in California that implemented the 
HEART score and reported that the index 
visit admission rate declined from 14.7% 
to 13.2%, an absolute decrease of 1.5% and 
a relative decrease of 10.2%, without an 
increase in missed myocardial infarctions 
or mortality.13 

Non-HEART-based pathways have 
also been described. Than and colleagues 

introduced an acute coronary syndrome 
pathway at seven New Zealand sites, which 
involved more than 31 000 patients, and 
reported that the proportion of patients 
who had a length of stay less than 6 hours 
increased from 8% to 18%,21 but the au-
thors did not comment on hospital admis-
sions. In a setting more similar to our study 
population and using similar methodol-
ogy, Greenslade and colleagues found that 

the introduction of high-sensitivity tropo-
nins reduced the length of stay across 21 
Queensland sites by 1.9 hours; however, 
since the admission rates decreased from 
6.8% to 5.7%, it is reasonable to assume that 
the patients were systematically healthier 
than our cohort. Importantly, neither study 
reported an increase in downstream myo-
cardial infarctions or mortality.22

It is critical to note that compared with 
our province-wide investigation, prior stud-
ies (except for the Queensland study22) have 
been conducted in large academic sites—
typically with far more on-site cardiovas-
cular resources—and have received more 
financial, educational, and material support.
Our study, which included many smaller 
sites with few cardiology-specific resourc-
es, suggests that interventions to modify 
clinical pathways and physician behavior 
may apply across large geographic areas 
with a wide range of emergency depart-
ment and hospital types rather than only 
to strongly motivated academic sites. While 

our findings require replication in other set-
tings and possibly with other chest pain care 
pathways, overall, this could preserve scarce 
resources for higher-risk patients while alle-
viating unnecessary hospitalization and an-
cillary testing for lower-risk patients, which 
may represent a significant opportunity for 
system-wide capacity improvement.

Study limitations
This study was undertaken in a single 
Canadian province with universal health 
care; therefore, the results may not be re-
producible elsewhere. Typical limitations 
of a before–after study design apply, and 
we cannot conclusively demonstrate that 
our campaign directly led to a reduction in 
hospital admissions. Cluster randomization 
or stepped-wedge implementation10 would 
have provided stronger evidence, but this 
would have been challenging across our 
diverse sites. The 70 smallest hospitals—
all rural and serving less than 10% of the 
provincial population—do not submit stan-
dardized data, so we could not assess them. 
Importantly, individual emergency depart-
ments and hospitals may have instituted 
their own protocols to reduce chest pain 
admissions during the study period, and 
we cannot account for this potential con-
founder. Our admission rates may be dif-
ferent from those in other jurisdictions,11-13 
but they are generally comparable with Ca-
nadian norms.15 The Vancouver Chest Pain 
Rule informs physicians about the need for 
downstream testing, whereas the HEART 
score provides an acute coronary syndrome 
risk estimate; therefore, the two systems 
have different goals. Our goal was to test 
whether the Vancouver Chest Pain Rule 
could reduce admissions; had we imple-
mented and tested the HEART score (or 
a similar tool), our results may have been 
different. 

We had a 1-year run-in period to liaise 
with the numerous sites. We did not have 
access to important traditional data, such as 
prior cardiac illness, family history, smok-
ing background, initial electrocardiogram, 
and laboratory biomarkers, and our esti-
mates of comorbidities and prior cardiac 

Our analysis of nearly 
185 000 patients in BC 

who were admitted to the 
emergency department 
with potential ischemic 

chest pain indicated that 
the use of the Vancouver 

Chest Pain Rule was 
associated with a relative 
5.3% reduction in 30-day 

hospital admissions.
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interventions were obviously low. While 
we have little reason to suspect that these 
variables would be substantially different 
between the two cohorts, the lack of such 
baseline data precluded any adjusted analy-
sis of baseline risk at an individual level. 
Furthermore, since we had no line-item 
data, we could not perform an individual- or 
site-level analysis. Some of our post-index 
visit admissions may have been unrelated 
to cardiac disease, but we also would not 
expect this to differ between time periods. 
Outcomes are to 30 days, although this is 
typical for emergency department–based 
literature regarding cardiovascular issues. 
Finally, we cannot comment on patient or 
provider satisfaction, emergency depart-
ment or hospital length of stay, or costs. 

Conclusions
In BC, the organized implementation of the 
Vancouver Chest Pain Rule was associated 
with a 5.3% relative reduction in hospital-
izations, which translates to 1300 fewer 
hospitalizations annually, as well as fewer 
consultations, follow-up visits, diagnostics, 
and adverse cardiac events.
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