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Abstract
Introduction: Patients referred for chest pain from primary care have increased, along 

with demand for outpatient cardiology consultations. We evaluated ‘Triage Protocol’ that 
implements standardised diagnostic testing prior to patients' first cardiology consultation. 
Materials and Methods: Under the ‘Triage Protocol’, patients referred for chest pain were 
pretriaged using a standardised algorithm and subsequently referred for relevant functional 
diagnostic cardiology tests before their initial cardiology consultation. At the initial cardiology 
consultation scheduled by the primary care provider, test results were reviewed. A total of 
522 triage patients (mean age 55 ± 13, male 53%) were frequency-matched by age, gender 
and risk cohort to 289 control patients (mean age: 56 ± 11, male: 52%). Pretest risk of 
coronary artery disease was defined according to a Modified Duke Clinical Score (MDCS) 
as low (<10), intermediate (10-20) and high (>20). The primary outcome was time from 
referral to diagnosis (days). Secondary outcomes were total visits, discharge rate at first 
consultation, patient cost and adverse cardiac outcomes. Results: The ‘Triage Protocol’ 
resulted in shorter times from referral to diagnosis (46 vs 131 days; P <0.0001) and fewer 
total visits (2.4 vs 3.0; P <0.0001). However, triage patients in low-risk groups experienced 
higher costs due to increased testing (S$421 vs S$357, P = 0.003). Adverse cardiac event rates 
under the ‘Triage Protocol’ indicated no compromise to patient safety (triage vs control: 
0.57% vs 0.35%; P = 1.000). Conclusion: By implementing diagnostic cardiac testing prior to 
patients' first specialist consultation, the ‘Triage Protocol’ expedited diagnosis and reduced 
subsequent visits across all risk groups in ambulatory chest pain patients. 

                                                                             Ann Acad Med Singapore 2018;47:56-62
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Introduction
Cardiovascular disease is a leading cause of death 

worldwide1 and constitutes 30% of total deaths in Singapore.2 
Chest pain is a common presentation in primary care.3-5 

However, only a small proportion of primary care referrals 
for chest pain to tertiary cardiology centres are eventually 
found to have significant cardiac abnormalities.4,5  Locally, 
the number of patients referred to outpatient centres for chest 
pain has grown by 31% in the last 5 years (unpublished 
data; National Heart Centre, Singapore statistics), which has 
strained capacity and increased wait times.6 The challenge 

for cardiologists is the safe and expedient management of 
referrals to identify patients with underlying cardiovascular 
disease for further management.

Studies to improve cardiology outpatient chest pain 
diagnostic workflows have expedited patient diagnoses in 
the United Kingdom (UK) and Canada. Cardiac Ensuring 
Access and Speedy Evaluation (EASE) in Canada is an 
outpatient pretriage and prospective diagnostic testing 
cardiology programme that has decreased wait time and 
time to diagnosis while increasing capacity.7 Similarly, rapid 
access chest pain clinics (RACPCs) in the UK have used 
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risk-stratified cardiac testing and one-stop clinics led by 
cardiologists to rapidly diagnose chest pain patients.8 We 
sought to evaluate the effectiveness and safety of an optimised 
diagnostic chest pain protocol in an Asian population.

Materials and Methods
We conducted a prospective cohort study at the largest 

national outpatient cardiac centre in Singapore, which 
sees about half of all nationwide primary care cardiology 
referrals. The ‘Triage Protocol’ was designed to pretriage 
and prospectively test patients with chest pain referred from 
primary care (Fig. 1).

Triage patients presenting from 1 April 2015 to 31 January 
2016 were compared to historical control (conventional 
diagnostic pathway) patients presenting during the period 
1 April 2014 to 31 January 2015. Control patients were 
frequency-matched to triage patients based on gender, age 
and risk score. Referrals for chest pain were obtained from 
SingHealth Polyclinics, a leading national primary care 
provider. Exclusion criteria were as follows: patients below 
21 years old, patients with signs of acute coronary syndrome 
(i.e. elevated cardiac biomarkers, electrocardiogram [ECG] 
ST segment elevation, etc.) requiring medical attention 
within 14 days of presentation, patients whose chief 
complaint was not chest pain (e.g. pedal oedema, syncope, 
palpitations, shortness of breath, etc.), and patients who 
defaulted in the initial triaging process (28 patients).

Intervention: The ‘Triage Protocol’
The ‘Triage Protocol’ enables eligible chest pain referrals 

to receive standard non-invasive diagnostic tests prior to 
their first cardiac consultation (Fig. 1). Patient referrals 
were received from the primary care provider and reviewed 

by a triage cardiologist using our standardised diagnostic 
testing algorithm (Fig. 1). The algorithm is based on 
the 2012 ACCF/AHA Guidelines for Stable Ischaemic 
Heart Disease9 and states that a patient should undergo 
an exercise treadmill test if the following 3 criteria are 
met: i) <45 years of age,  ii) able to exercise, and iii) has 
an interpretable ECG. If any of the 3 criteria are not met 
(i.e. age ≥45 years, ECG uninterpretable [e.g. left bundle 
branch block, paced rhythms, etc.] or inability to exercise) 
the patient undergoes stress imaging (e.g. myocardial 
perfusion imaging) (Fig. 1). The triage cardiologist orders 
the indicated diagnostic tests for patients, with allowance 
for minor discretionary variations to the algorithm. Patients 
with test results defined as high-risk by the AHA/ACC 
Guidelines 199910 are expedited for review by a cardiologist 
within 7 days. Otherwise, test results are made available 
to the cardiac specialist at the patient’s first outpatient 
cardiology consultation, as originally scheduled by the 
primary care provider.

Outcome Variables
All patients were followed-up for 6 months from their 

first consultation. The primary outcome variable was the 
time from referral to clinical diagnosis—defined as the 
number of days from referral by the primary care physician 
to clinical diagnosis by the cardiologist specialist (as 
per current clinical practice). Secondary outcomes were 
patient discharge rate at first consultation, total number of 
consultations, diagnostic tests and visits (i.e. consultations 
and tests) and patient costs for tests and consultations over 
the first 6 months. All discharged patients were followed 
for an additional 6 months via the SingHealth electronic 
records database to capture any adverse cardiac events 
(myocardial infarct, percutaneous intervention, coronary 
artery bypass, congestive heart failure, stroke or death). 
The study protocol and team did not influence the clinical 
decision and management by the primary cardiologist.

Assessing Patients’ Risk Score
A Modified Duke Clinical Score (MDCS)11 was used 

to calculate pretest risk of coronary artery disease (CAD) 
in a South East Asian population of chest pain patients. 
Components of the MDCS are age, gender, type of chest pain, 
smoking status and comorbidities of diabetes, hypertension 
and hyperlipidaemia. The MDCS was validated locally in 
a cohort of 1589 patients. It yielded results comparable to 
the original Duke Clinical Score.12,13 Patients were stratified 
into 3 risk cohorts according to the MCDS score: low (<10), 
intermediate (10-20) and high (>20); and compared between 
triages and controls. A sensitivity analysis was performed 
using the CAD Consortium Risk Score14 (CRS)—a published 
European cardiovascular risk score not validated locally—

Fig. 1. Illustration of conventional versus triage pathways. 
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to assess robustness of triage outcomes irrespective of 
cardiovascular risk score (MDCS or CRS). 

Statistical Analysis
Statistical analysis was performed using SAS V9.4 (SAS 

Cary, NC, USA). Baseline variables were compared between 
triage and control intervention groups using the 2-sample 
t-test for normal variables, the Wilcoxon rank-sum test for 
non-normal variables and Fisher’s Exact test for categorical 
variables. The outcome variables—referral to diagnosis 
time, total number of visits, total number of tests, total cost 
of tests and consultations—were analysed using standard 
analysis of variance. Model effects were ‘intervention’ 
(triage, control), ‘risk group’ (low, intermediate, high), 
‘intervention × risk group interaction’, ‘smoking history 
(yes, no), ‘hypertension’ (yes, no), ‘gender’, ‘age’, ‘angina 
type’ (typical, atypical, non-specific), ‘hyperlipidaemia’ 
(yes, no) and ‘diabetes mellitus’ (yes, no). The first 3 model 
terms were relevant to answering questions addressed by 
the study, whereas the remaining terms were included 
as confounders or potential confounders. The variance-
covariance matrix was blocked on ‘intervention type’ to 
accommodate unequal variances between intervention types. 
Inferences on the ‘intervention × risk group least-squares 
(LS) means were of primary interest. LS means, adjusted 
for confounders, were compared for statistical significance 
between triage and controls at each ‘risk group’ level and 
95% confidence intervals calculated on the differences. 
Statistical significance was set at P ≤0.05.

Results
Study Population

A total of 522 triage patients (mean age 55 ±13, male 
53%) and 289 age-, sex- and risk score frequency-matched 
controls (mean age 56 ± 13, male 52%) were included 
(Fig. 2). Baseline characteristics exhibited no statistically 
significant differences (Table 1). Default rates were lower 

for triage patients compared to all patients in the prior year
 (2014), of which the controls were a subset, for both new
 cases (triage vs 2014 historical: 14% vs 22%) and follow-

up cases (triage vs 2014 historical: 7% vs 16%). New case 
defaulters were patients who failed to attend their first 
consultation. Follow-up case defaulters were patients who 
failed to attend subsequent visits (tests or consultations) and 
for whom a clinical diagnosis could not be reached. Seven 
triage patients (1.1%) required expedited review (within 
7 days) by a cardiologist owing to abnormal diagnostic 
results with high-risk findings.

Outcomes
Referral to Diagnosis Times

The ‘Triage Protocol’ was associated with a mean referral 
to diagnosis time of 46 days which was 65% shorter than the 
133 days for patients in the control group (Fig. 3, Table 2).

 

Fig. 2. Flow chat depicting patients enrolled in the ‘Triage Protocol’. 

Table 1. Baseline Characteristics Compared between Control and Triage Patients

Variable Control
n = 289

Triage
n = 522

P Value

Demographics

   Mean age ± SD (years) 56 ± 11 55 ± 13 0.2554 

   Male (%) 52 53 0.7691 

   Female (%) 48 47 0.7691 

Medical history, %

   Diabetes mellitus 21 17 0.1614 

   Hypertension 46 47 0.8832 

   Hyperlipidaemia 58 53 0.1221 

   Current smoker 12 11 0.3641 

   Ex-smoker 8 6 0.3641 

Risk cohort, % 

   Low 64 66 0.3202 

   Intermediate 25 26 0.3202 

   High 11 8 0.3202 

SD: Standard deviation

Fig. 3. Comparison of referral to diagnosis time between triage and control 
patients by risk group. 
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Patients in all risk groups experienced significantly shorter 
times from referral to diagnosis compared to controls (P 
<0.0001). Mean differences were comparable across risk 
groups and did not differ significantly (P = 0.6344) (Tables 2 
and 3). On average, the ‘Triage Protocol’ resulted in shorter 
time to diagnosis for all risk cohorts (Fig. 3).

Total Visits
Total visits (including test visits) were decreased on 

average by 0.56 visits (triage patients vs control patients, 
2.41 vs 2.96), with 75% of triage patients discharged by 
2 visits compared to 33% of control patients (Fig. 4). 
However, it was noted that 19% of control patients were 

Table 2. Outcomes for Control versus Triage by Risk Groups

Multivariate Analysis Control
(n = 289) 

Triage
(n = 522) 

Difference CI on 
Difference

P Value

Referral to diagnosis time (days)

   Overall 13 46 86 (75, 99) <0.0001 

   Low-risk 139 58 80 (69, 92) <0.0001 

   Intermediate-risk 131 46 85 (67, 103) <0.0001 

   High-risk 129 34 95 (66, 125) <0.0001 

Total no. of visits per patient 

   Overall 2.96 2.41 0.56 (0.31, 0.80) <0.0001 

   Low-risk 2.64 2.39 0.24 (0.02, 0.47) 0.0329 

   Intermediate-risk 3.09 2.43 0.66 (0.31, 1.01) 0.0002 

   High-risk 3.16 2.40 0.76 (0.17, 1.36) 0.0117 

Total no. of tests per patient 

   Overall 1.31 1.30 0.01 (-0.17, 0.18) 0.9326 

   Low-risk 1.10 1.26 -0.16 (-0.32, 0.00) 0.0536 

   Intermediate-risk 1.38 1.29 0.09 (-0.16, 0.34) 0.4846 

   High-risk 1.45 1.35 0.09 (-0.33, 0.52) 0.6690 

Costs, test + consultation (S$) 

   Overall 357 421 -64 (-106, -22) 0.0030 

   Low-risk 364 459 -94 (-133, -55) <0.0001 

   Intermediate-risk 365 417 -52 (-112, 8) 0.0915 

   High-risk 341 387 -45 (-148, 57) 0.3847 

Test  cost (S$) 

   Overall 299 382 -83 (-123, -43) <0.0001 

   Low-risk 311 419 -108 (-145, -71) <0.0001 

   Intermediate-risk 305 377 -72 (-129, -14) 0.0143 

   High-risk 281 350 -69 (-167, 28) 0.1642 

Univariate Analysis Control
(n = 289) 

Triage
(n = 522) 

Difference CI on 
Difference

P Value

Discharge rate at first consultation, %

   Overall 19 69 50 (44,56) <0.0001 

   Low-risk 24 72 48 (40,55) <0.0001 

   Intermediate-risk 10 65 55 (43,65) <0.0001 

   High-risk 9 61 52 (30,66) <0.0001 

Adverse cardiac event rate, % (pts) 

   Overall 0.35 (1) 0.57 (3) -0.23 (-1.40, 1.37) 1.000 

   Low-risk 0.00 (0) 0.29 (1) -0.58 (-1.51, 3.20) 1.000 

   Intermediate-risk 0.74 (1) 2.78 (2) 2.04 (-1.83, 8.87) 1.000 

   High-risk 0.00 (0) 0.00 (0) 0.00 (-10.72, 8.57) 1.000 

CI: Confidence interval
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discharged after a single visit (1 consultation) whereas 
all triage patients had a minimum of 2 visits (1 test and 1 
consultation), resulting in 0% of triage patients with only a 
single-visit (Fig. 4). The 19% of single-visit control patients 
consisted of a higher proportion of low-risk patients (78%) 
compared to non-single-visit control patients (64%) and 
triage patients (66%). Otherwise, baseline characteristics 
of single-visit control patients were comparable to non-
single-visit control and triage patients.

Tests: Number and Type
The mean number of tests did not differ statistically 

between the triage (1.30) and control (1.31) groups (P = 
0.9326). A trend was observed wherein the low-risk cohort 
underwent 0.16 more tests (P = 0.0536) and the intermediate- 
and high-risk cohorts both underwent 0.09 fewer tests (P 
= 0.4846 and P = 0.6690, respectively) on average under 
the ‘Triage Protocol’ compared to the controls (Table 2). 

The ‘Triage Protocol’ was associated with a different 
pattern in the type of tests ordered for a patient’s initial 
diagnostic investigation compared to controls (P <0.0001). 
In the triage group, first tests ordered consisted of 81% 
myocardial perfusion single photon emission computed 
tomography (SPECT) studies, 14% exercise ECG stress 
tests and 5% other tests. In contrast, first tests ordered in the 
control group consisted of  22% stress echocardiography, 
21% myocardial perfusion SPECT studies, 9% exercise 
ECG stress tests, 8% computed tomography calcium score 
and 19% other tests.

In both the control and triage groups, 9% of patients 
had positive first test results. Among these patients with 
a positive first test, 54% of control patients and 39% of 
triage patients subsequently underwent non-invasive or 
invasive angiography, while 8% of control patients and 
7% of triage patients underwent stress echocardiography. 
False-positive results were defined as a normal result on 
stress echocardiography or <50% stenosis found on non-
invasive or invasive angiography, despite a positive first 
test initially. The false-positive rate was not statistically 
significant between both groups (triage vs control: 20% 
vs 29%, P = 0.383).

Discharge Rates at First Consultation
The discharge rate at first consultation was significantly 

higher in the triage group than control group (69% vs19%, 
P <0.0001) (Table 2). Intermediate- and high-risk cohorts 
were associated with higher discharge rates compared to 
controls (P <0.0001).

Patient Costs
Mean consultation cost (in SGD) per patient decreased by 

32% from $59 (for controls) to $40 (for triage [P <0.0001]). 
However, test costs were increased, resulting in an overall 
increase in patient costs (inclusive of tests and consultations) 
from $357 to $421 (P = 0.0030). When stratified by risk, the 
low-risk group showed a significant increase in total cost 
(triage vs control, $459 vs $364, P <0.0001), whereas the 
intermediate- and high-risk groups exhibited no significant 
differences (triage vs control: intermediate, $417 vs $365, 
P = 0.0915 and high, $387 vs $341, P = 0.3847). 

Adverse Cardiac Outcomes
The percentage of patients with adverse cardiac outcomes 

(death, heart failure, coronary artery bypass, percutaneous 
intervention or hospitalisation for stroke or myocardial 
infarction) within 6 months from discharge was not 
significantly different between triage (0.57%) and control 
(0.35%) patients (P = 1.000). The patient count with 
adverse cardiac events in the triage and control groups 

Table 3. Multivariate Analysis of Variance Summary

Effect Wait Time 
Referral to 
Diagnosis

Total 
Visits

Diagnosis 
Total Test 

Count

Diagnosis Test 
Consultation 

Cost

Intervention <0.0001 <0.0001 0.9326 0.0030 

Risk group 0.2289 0.2149 0.2712 0.4796 

Intervention × 
risk group 

0.6344 0.0671 0.1930 0.4117 

Smoker history 0.0023 0.1945 0.1532 0.3517 

Hypertension 0.5319 0.6813 0.6363 0.9275 

Gender 0.7987 0.1339 0.3035 0.2721 

Age 0.8388 0.0019 0.0011 <0.0001 

Angina type 0.1820 0.0560 0.0699 0.0042 

Hyperlipidaemia 0.6668 0.3689 0.1727 0.0463 

Diabetes mellitus 0.2006 0.6898 0.6400 0.0820 

Fig. 4. Histogram comparing total visits for control and triage patients. 
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was 3 and 1, respectively. In the triage group, 1 patient 
required hospitalisation for stroke and 2 patients had acute 
coronary syndrome requiring percutaneous intervention. 
In the control group, 1 patient had a myocardial infarction 
requiring percutaneous intervention.

Discussion
Our study demonstrated that the ‘Triage Protocol’ reduced 

referral to diagnosis times and total visits, and increased rates 
of discharge after the first consultation, with no perceptible 
increase in adverse outcomes. Costs were comparable in the 
intermediate- and high-risk group but higher in the low-risk 
group. As to effect on capacity, the ‘Triage Protocol’ saved 
an average of 626 specialist outpatient visits over 12 months 
or 52 visits per month at our outpatient cardiology centre.

Internationally, several institutions have implemented 
outpatient chest pain algorithms to streamline workflows for 
chest pain referrals. UK’s RACPCs provide a fast-route entry 
system for chest pain patients to see cardiologists within 
2 weeks for quick diagnosis and treatment. The algorithm 
of RACPCs under NICE 95 Guidelines is as follows: Very 
low-risk patients are reassured and discharged; low-risk 
patients are offered cardiac computed tomography (CT); 
intermediate-risk patients are offered functional imaging; 
and high-risk patients are offered invasive coronary 
angiography or functional testing.15-17 With over160 clinics 
rolled out in the UK and adoption in Australia,18,19 reviews 
on RACPCs have been mixed. The system uses evidence-
based medicine to shorten diagnosis times20 and provides 
patients with faster reassurance,21  but in some studies, 
it has increased investigation costs and hence, overall 
costs.16,22,23 Cardiac EASE in Canada provides prospective 
testing based on a physician-approved algorithm, previsit 
triage and a multidisciplinary clinic.7 The Cardiac EASE 
algorithm bears similarities to the RACPC’s, whereby 
low-risk CAD patients obtain a cardiologist assessment 
without tests, intermediate-risk CAD patients undergo 
functional tests if they have valvular or pericardial disease 
or ventricular dysfunction, and high-risk CAD patients are 
referred to an emergency department based on chest pain 
evaluation programme.7 Cardiac EASE has reduced time 
to initial cardiac consultation, time to clinical diagnosis 
and increased referral numbers.7 

Locally, the ‘Triage Protocol’ has yielded similar results. 
The percentage reduction in time to a clinical diagnosis 
under the Cardiac EASE was comparable to that of the 
‘Triage Protocol’ (Cardiac EASE vs ‘Triage Protocol’: 
58% vs 65%). The triage algorithm follows the 2012 
ACCF/AHA guidelines on stable heart disease9 and aids in 
the resource allocation of specialists to patients requiring 
follow-up, without a compromise in patient safety. The 
algorithm incorporates a locally validated MDCS, which 

unlike the Duke Clinical Score, does not require an ECG. 
In a sensitivity analysis, outcomes using the MDCS were 
compared to those using the European CAD Consortium 
Risk Score with no substantive differences. The ‘Triage 
Protocol’ was tailored to the local patient population while 
capitalising on available resources and cardiology services 
in Singapore.

Higher costs in the low-risk cohort can be attributed to 
a shift in number of tests ordered as a result of the triage 
algorithm. The algorithm resulted in an increased in 
number of functional tests ordered in the low-risk group, 
which may not have been ordered in the prior system. To 
improve our current algorithm, we can adopt practices from 
the RACPCs and Cardiac EASE. UK RACPCs which use 
NICE Clinical Guideline 95 found that at very low pretest 
likelihood of CAD (<10% on the Pryor et al CAD score),13 
patients could be reassured and did not require further 
testing.17 Similarly, the Cardiac EASE algorithm exempts 
low-risk patients from tests, sending them straight to an 
EASE cardiologist for assessment.7 Further refinements to 
the testing protocol for those in the low-risk groups would 
be needed to minimise unnecessary functional testing, 
exposure to radiation and costs. Work is also in progress to 
introduce risk stratification at the onset of the protocol and 
to focus mainly on intermediate- and high-risk patients, to 
minimise unnecessary testing in the low-risk group.

A few limitations exist in our study. First, our primary 
outcome of time to diagnosis might be biased by our study 
design, which inherently reduces time to clinical diagnosis 
by ensuring that tests occur prior to the first cardiology 
consultation. However, this is the exact benefit we wanted 
to accrue for our patients—allowing an earlier time to 
diagnosis while ensuring their safety and the protocol's 
efficacy. Second, the study was a single centre experience and 
outcomes of implementation may vary in other institutions. 
Fortunately, the protocol is simple and could potentially 
be easily applied to other centres. Third, the authors were 
unable to adjust for confounding effects of administrative 
initiatives introduced during the study periods. Finally, 
while our ‘Triage Protocol’ focuses on stress ECG and 
myocardial perfusion imaging as our main initial testing 
modalities, other testing strategies may also be viable (e.g. 
stress echocardiogram, CT coronary angiogram). Due to 
constraints in scheduling, we did not incorporate these 
alternative methods in this study. Non-invasive coronary 
CT angiography is relatively cost-effective and has a 95%-
99% sensitivity in diagnosing cardiovascular disease, but 
involves radiation exposure and may sometimes require 
further testing to evaluate the functional significance of 
a coronary stenosis.24,25 Stress echocardiography offers a 
85% sensitivity in detecting cardiovascular disease, reduced 
radiation exposure, incremental information on valvular 
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function, a lower cost-point than myocardial perfusion 
imaging, but is operator-dependent.26 These options were not 
included due to logistical reasons and resource availability 
during the initial implementation of the protocol. We chose 
to use primarily myocardial perfusion imaging as we had the 
capacity to assign and schedule patients for this test in our 
institution. To some extent, our findings should be broadly 
applicable to other tests used, though the cost estimates 
would differ accordingly. The feasibility of alternative 
testing strategies being integrated into the protocol is 
currently being studied.

Conclusion
In summary, the ‘Triage Protocol’ showed a significant 

decrease in referral to diagnosis time and total visits for all 
risk cohorts and should be considered as a useful adjunct in 
optimising resources in the busy outpatient setting.
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