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ABSTRACT

Aims Patients with de novo chest pain are usually
investigated non-invasively. The new UK-National

Institute for Health and Care Excellence (NICE) guidelines
recommend CT coronary angiography (CTCA) for all
patients, while European Society of Cardiology (ESC)
recommends functional tests. We sought to compare

the clinical utility and perform a cost analysis of these
recommendations in two UK centres with different primary
investigative strategies.

Methods—results We compared two groups of patients,
group A (n=667) and group B (n=654), with new onset
chest pain in two neighbouring National Health Service
hospitals, each primarily following either ESC (group A) or
NICE (group B) guidance. We assessed the clinical utility of
each strategy, including progression to invasive coronary
angiography (ICA) and revascularisation. We present a
retrospective cost analysis in the context of UK tariff for
stress echo (£176), CTCA (£220) and ICA (£1001). Finally,
we sought to identify predictors of revascularisation in the
whole population.

Baseline characteristics in both groups were similar. The
progression to ICA was comparable (9.9% vs 12.0%,
p=0.377), with similar requirement for revascularisation
(4.0% vs 5.0%.; p=0.532). The average cost of
investigations per investigated patient was lower in group
A (£279.66 vs £325.77), saving £46.11 per patient. The
ESC recommended risk score (RS) was found to be the
only predictor of revascularisation (OR 1.05, 95%Cl 1.04
t0 1.06; p<0.001).

Conclusion Both NICE and ESC-proposed strategies

led to similar rates of ICA and need for revascularisation
in discrete, but similar groups of patients. The SE-first
approach had a lower overall cost by £46.11 per patient,
and the ESC RS was the only variable correlated to
revascularisation.

INTRODUCTION

The recent update of the UK National Insti-
tute of Health and Care Excellence (NICE)
guidelines (2016) on the investigation of
patients with chest pain recommends the
use of CT coronary angiography (CTCA)

key questions

What is already known about this subject?

» National Institute for Health and Clinical Excellence
(NICE) has dramatically changed its guideline on sta-
ble chest pain aiming to find a more cost-effective
strategy. It no longer recommends the use of pretest
probability risk scores and it has removed functional
tests, such as stress echocardiography, as first-line
investigation in patients with new onset stable chest
pain. It recommends using CT coronary angiogra-
phy in the majority of patients. However, European
Society of Echocardiography (ESC—2013) still sug-
gest functional tests as the initial investigation. The
change in NICE guidelines has unmasked the lack of
CT facilities in many Trusts across the country and
poses some uncertainty to clinicians who still use
the ESC guidelines.

What does this study add?

» This study shows that following either NICE or ESC
guidelines in two discrete but similar populations
the progression rates to invasive coronary angiogra-
phy and revascularisation are similar, but the stress
echo-first strategy can reduce the average cost per
investigated patient by £46.11. In addition, the pre-
test probability risk score, which has been removed
from the UK NICE guidelines, seems to be the only
predictor of revascularisation.

How might this impact on clinical practice?

» Following the publication of new NICE guidelines on
stable chest pain, many cardiology departments face
the challenge to downsize their well-established
functional imaging services and expand their cardi-
ac CT instead. Our study shows that stress echocar-
diography can still be used as an initial investigation
for stable chest pain, and healthcare providers may
follow either strategy, considering local service
availability, expertise, local tariffs and budget.

as a firstline investigation in patients with
new onset stable chest pain.' NICE no
longer recommend the use of their pretest
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probability (PTP) risk scores (RS), because it was found
to significantly overestimate the PTP of coronary artery
disease (CAD). They now recommend a clinical judge-
ment on typicality of chest pain, followed by CTCA for
patients with atypical and typical chest pain and also for
patients with non-cardiac chest pain if they have ischaemic
changes on the ECG. If the CTCA is non-diagnostic or
demonstrates CAD of uncertain functional significance,
they recommend functional testing.

The European Society of Cardiology (ESC) guidelines
on chest pain of recent onset (2013)* recommend the use
of a PTP RS which is based on age, gender and typicality
of chest pain. Their RS is based on a modified Diamond-
Forrester method,” which adjusted the likelihood of CAD
to a contemporary population. They recommend that
patients with an RS of <15% are investigated for other
causes of chest pain. Patients with an RS of 15%-65% and
normal LV function are recommended to have a func-
tional imaging test, and if not available, an ECG exercise
treadmill test (ETT). Patients with an RS of 66%-85%
or reduced ejection fraction (EF) on echo with atypical
chest pain are recommended to undergo functional
imaging testing, while patients with typical chest pain and
reduced EF are recommended to undergo invasive coro-
nary angiography (ICA). CTCA is only recommended as
an alternative to functional testing in patients with an RS
of 15%-50%.

The aim of this study is to compare the new NICE
guidelines with the ESC guidelines for new onset stable
chest pain in terms of progression to ICA and need for
revascularisation. In addition, we sought to identify the
most clinically effective and cost-effective pathway for
patients with low/intermediate (15%-50%) and inter-
mediate/high (250%) PTP RS. The ultimate goal is to
reduce the number of patients with non-obstructive CAD
referred for ICA, which has been reported to be 62.4% in
a registry from the USA.* Finally, we explored the correla-
tion of demographic and clinical variables, including the
PTS RS, with coronary revascularisation.

METHODS

We investigated 1321 patients who were referred to the
rapid access chest pain (RACP) clinics in two neigh-
bouring National Health Service (NHS) hospitals in
London, UK. Group A consisted of 667 consecutive
patients who were referred from 1 January to 15 July
2017 and investigated at King’s College Hospital, where
the ESC guidelines on stable chest pain® are followed.
Group B consisted of 654 consecutive patients, who
were referred from 1 January to 31 December 2017 and
investigated at Lewisham University Hospital, where the
updated NICE guidelines' are followed.

Stress echocardiography (SE)

For the dobutamine SE, the standard protocol of 3min
stages was used, with incremental dobutamine doses of 5,
10, 20, 30 and 40pg/kg/min. Intravenous atropine was

given in bolus doses up to a maximum dose of 1200 pg
as necessary. The exercise SE used the Bruce treadmill
exercise protocol. On both pharmacological and exer-
cise SE, if the endocardium of two or more segments
were not adequately visualised, an intravenous contrast
agent was used. The echocardiography department’s
recommended policy is for ischaemia limited to apical
segments only to be considered as suggestive of microvas-
cular disease requiring no further investigation.” Patients
with two or more segments of non-apical ischaemia were
considered to have a positive stress test and based on
clinician’s discretion they were further referred for ICA.

CT coronary angiography

For the CTCA, patients were beta-blocked by the refer-
ring clinician (bisoprolol 5mg) and/or intravenously
with metoprolol (5-10mg) aiming to achieve a heart rate
of <60 beats/min. 80 mL of ivoersol (optiray 350 mg I/ml,
Covidien UK, Hampshire, UK), at a flow rate of 6 mL/s,
followed by 100mL of saline solution, was injected into
an antecubital vein. Bolus tracking was used with a region
of interest placed into the ascending aorta.

All CTCA were performed with a 64 slice Light-
Speed VCT XTe GE scanner (GE Healthcare) using
the commercially available protocol (SnapShot Pulse,
GE healthcare) and the following scanning parameters:
slice acquisition 64x0.625mm, scan field of view Cardiac,
Z-axis detector coverage 40 mm, gantry rotation time of
350ms. Patients’ size was visually judged for adapted tube
voltage; 100 kV was used for small patients and 120 kV
for all other patients. Prospective gating is the standard
acquisition protocol and was used in 98% of patients. A
retrospective gated scanning was used in the remaining
2%. CTCA images were reconstructed with slice thick-
ness of 0.625 mm, on an external workstation (ADW 4.5,
GE Healthcare). The cardiology department’s recom-
mended policy is for patients found to have less than
50% coronary artery stenosis to be managed medically,
patients with 50%—70% stenosis and equivocal symptoms
to be referred for SE for further assessment, and those
with a coronary artery stenosis >70% to proceed to inva-
sive angiography.

Data collection and analysis
The demographic data, cardiovascular risk factors, the
characteristics of pain (typical angina, atypical angina,
non-anginal pain), left ventricular EF and the result of
the functional test were recorded prospectively. The ESC
PTP RS was calculated according to published guidelines.”
Data regarding second-line investigations and revascular-
isation were recorded retrospectively from hospitals’ elec-
tronic patient records. The invasive coronary angiograms
were reported by an experienced interventional cardiol-
ogist. The decision for revascularisation was made by the
interventional cardiologist or by a multidisciplinary team
consisting of cardiologists and cardiothoracic surgeons.
The patients in both groups A and B were divided into
two subgroups based on their PTP RS: in subgroups Al
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and Bl, patients with low-intermediate PTP RS (15%-
50%) were included, whereas in subgroups A2 and B2
patients with intermediate-high PTP RS (>50%).

For the cost analysis, the patients who were referred
directly for ICA were excluded, as their investigation and
management were considered to be independent of the
guidelines followed in the two centres (NICE vs ESC).
The cost of ECG exercise test, cardiac perfusion MRI
and nuclear myocardial perfusion imaging (MPI) was
not taken into account as very few patients were inves-
tigated with those tests and additionally the availability
of MRI and MPI differed significantly in the two institu-
tions which would bias the results. The cost analysis was
performed in the context of the UK tariff for stress echo
(£176), CTCA (£220), and ICA (£1001).

Subsequently, we sought to investigate possible correla-
tion of demographic and clinical variables with coronary
revascularisation. Variables were tested using univariable
log-regression analysis. Those with p<0.2 were entered
in a multivariable model. The goodness of fit of the
model was tested with the Hosmer-Lemeshow test and
was found to be adequate. A receiver operating charac-
teristic (ROC) analysis was performed for prediction of
revascularisation.

The statistical analysis was performed with IBM SPSS,
V.25 (IBM Corporation Software Group). The normality
of the distribution for continuous variables was tested
using histograms. The Student’s t-test for independent
samples was used to compare mean values of contin-
uous variables with normal distribution, and the non-
parametric Mann-Whitney U test for non-normally
distributed variables. The values are presented as a mean
value +SD. Categorical variables were tested with x* test
and Fisher’s exact test as appropriate and are presented
as absolute values and percentages.

This study is not classified as research under NHS
Health Research Authority Guidance, and there was no
need to apply for ethical approval or patient permission.
The study was assessed as a service evaluation by both
Hospitals’ Audit Committees and the relevant permission
was granted.

RESULTS

The baseline characteristics of our population are
presented in table 1. The mean age of the whole cohort
was 56.3+12.6 years. In total, 817 patients (61.8%) were
considered to warrant investigation for their symptoms. A
higher proportion of patients were investigated in group
B than in group A (71.6% vs 52.3% p<0.001), which may
be explained by a higher PTP RS of the referred patients
in group B (37.6+21.2 vs 34.6+20.8, p=0.010). However,
the PTP RS, other demographic data and the prevalence
of risk factors were similar between patients who went
on to be investigated in both groups as shown in table 1,
except for symptoms profile as more patients in group B
were considered to have typical angina compared with
group A. The patients whose symptoms were considered

to be non-cardiac and were discharged without being
referred for investigation were excluded from further
analysis. The same applies to those who did not attend or
declined investigations.

Management—revascularisation

The management of group A patients is shown in figure 1.

From 667 patients who were seen in the RACP clinic, 349

(52.3%) were investigated for CAD:

i.  The majority (212 patients, 60.8%) were initially re-
ferred for a SE. Three of them (0.9%) were further
investigated with cardiac perfusion MRI and five
(1.4%) with CTCA (two with calcium score only),
as SE was submaximal or considered inconclusive.
One of the patients who was investigated with CTCA
underwent ICA and was revascularised. Twenty-one
patients (6.0%) were referred for ICA following a
positive SE and 10 were revascularized (2.9%).

ii. Sixty-seven patients (19.2%) were referred for a
CTCA. Eleven (3.2%) of them had calcium score
only due to technical limitations/patient preference.
Five of them (1.4%) went on to have an SE to clarify
the significance of CAD, with one ending up having
ICA, but revascularisation was not deemed necessary.
From the remaining 56 patients, 6 (1.7%) proceeded
to ICA and only 1 required revascularisation.

iii. Fifteen patients (4.3%) had an exercise ECG test
for initial assessment and two of them were referred
for further investigations (one for SE and one for
CTCA) with no need for ICA. Seven (2.0%) patients
were investigated initially with cardiac perfusion
MRI and one went on to have ICA with no need for
revascularisation.

iv. Forty-seven patients (13.5%) were deemed high risk
and referred directly for ICA and 1/3 of them (16
patients; 4.6% of total) were revascularised.

In group B, 468 out of 654 patients (71.6%) were inves-
tigated, with the remaining failing to attend for test or
declined the investigations offered or deemed not to
need investigation (figure 2).

i.  Sixty-four patients (13.7%) were deemed unsuitable
for a 64 slice CT scan, predominantly due to asth-
ma as the clinicians felt it inappropriate to give high-
dose beta-blockers. These patients presented with a
heart rate >65 beats/min or irregular rhythm despite
moderate beta-blockade and the clinicians consid-
ered reasonable to refer them for SE. Seven of them
(1.5%) were then referred for ICA. Two patients
(0.4%) were revascularised.

ii. The vast majority of patients (331; 70.7%) were in-
vestigated with CTCA and 17 of them, had CT calci-
um score only as the CTCA could not be performed
because the heart rate was still high despite beta-
blockade. Nineteen patients (4.1%) were referred for
a functional test because CTCA was inconclusive or
could not be performed due to technical or patient
limitations. Sixteen of them had SE (one proceeded
to ICA but no revascularisation was needed), two had
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Table 1 Baseline characteristics, investigation tests and revascularisation in patients who went on to be investigated in both
groups
Group A Group B
n=349 % n=468 % Pvalue All %
Age 57.2+12.2 56.9+10.9 0.697 57.0+11.5
Gender (male) 174 49.9% 240 51.3% 0.687 414 50.7%
Type of pain 0.003
Typical anginal 46 13.2% 89 19.0% 135 16.5%
Atypical anginal 252 72.2% 341 72.9% 593 72.6%
Non-anginal 51 14.6% 38 8.1% 89 10.9%
ESC Risk Score 39.2.6+21.3 41.12+21.2 0.214 36.1+21.0
ESC Risk Score Group 0.194
Low (<15%) 44 12.6% 36 7.7% 0.121 80 9.8%
Low-intermediate (15%-50%) 215 61.6% 303 64.7% 518 63.4%
Intermediate-high (51%—85%) 83 23.8% 116 24.8% 199 24.4%
High (>85%) 7 2.0% 13 2.8% 20 2.4%
Hypertension 154 44.1% 199 42.5% 0.705 353 43.2%
Hypercholesterolaemia 216 61.9% 264 56.4% 0.142 480 58.8%
Diabetes 79 22.6% 94 20.1% 0.403 173 21.2%
Family history 149 42.7% 184 39.3% 0.370 333 40.8%
Smoking 80 22.9% 88 18.8% 0.168 168 20.6%
Ejection fraction 111 31.8% 81 17.3% 0.146 192 23.5%
Normal 93 26.6% 75 16.0% 168 20.6%
Mildly impaired 12 3.4% 1.3% 18 2.2%
Moderately impaired 5 1.4% 0.0% ) 0.6%
Severely impaired 1 0.3% 0.0% 1 0.1%
Functional test 243 69.6% 93 19.9% 336 41.1%
Stress echo 218 62.5% 81 17.3% <0.001 299 36.6%
Exercise treadmill test 15 4.3% 2 0.4% <0.001 17 2.1%
MPI 0 0.0% 6 1.3% 0.034 6 0.7%
CMR perfusion 10 2.9% 4 0.9% 0.016 14 1.7%
CTCA/CT Calcium Score only 60/13 17.2%/3.7%  313/18 66.9/3.9% <0.001
Calcium Score 33.3+129.8 87.3+252.4 0.037
ICA 77 22.1% 95 20.3% 0.608 172 21.1%
PCI 22 6.3% 27 5.8% 0.750 49 6.0%
CABG 6 1.7% 14 3.0% 0.244 20 2.4%
Revascularisation 28 8.0% 41 8.8% 0.708 69 8.4%

Bold values represent statistical significance or in other words p value < 0.05.
CABG, coronary artery bypass grafting; CMR, cardiac magnetic resonnance; CTCA, CT coronary angiography; ESC, European Society of
Cardiology; ICA, invasive coronary angiography; MPI, myocardial perfusion imaging; PCI, percutaneous coronary intervention.

il.

MRI (one proceeded to ICA with no revascularisa-
tion) and one patient had stress nuclear MPI. Forty-
one patients (8.8%) went on to have ICA directly
after cardiac CT and 19 (4.1%) were revascularised.

Two patients (0.4%) were referred for exercise ECG
test and one of them proceeded to SE, which was
normal. Two patients (0.4%) were investigated ini-
tially with cardiac perfusion MRI (one of them was
referred for ICA) and five (1.1%) had stress nuclear

1v.

MPI as first-line investigation. None of the above pa-
tients was revascularised.

Forty-four patients (9.4%) were deemed high risk
and were referred directly for ICA and 46% of them
(20 patients; 4.3% of total) were revascularised.

The progression of investigated patients to ICA,
excluding those with direct ICA referral, was comparable
between the two groups (9.9% vs 12.0%, p=0.377), as

was

the rate of revascularisation (4.0% vs 5.0%; p=0.532;
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Group A
RACP clinic
N =667

v

Investigated
N =349

—

—

¥ 3

Stress Echo CTCA - Ca Score ETT CMR ICA

N = 212 (60.8%) N = 67 (19.2%) N = 15 (4.3%) N =7 (2.0%) N = 47 (13.5%)

CMR CTCA - Ca Score ICA Stress Echo ICA Stress Echo CTCA ICA Revascularisation
N = 3 (0.9%) N =5 (1.4%) N = 21 (6.0%) N =5 (1.4%) N = 6 (1.7%) N =1 (0.3%) N =1 (0.3%) N =1 (0.3%) N = 16 (4.6%)
ICA Revascularisation ICA Revascularisation

N =1 (0.3%) N =10 (2.9%) N =1 (0.3%) N =1 (0.3%)

Revascularisation
N =1 (0.3%)

Figure 1 Flow chart showing the investigations and management of patients in group A. CMR, cardiac magnetic resonance;

CTCA, CT coronary angiography; ETT, exercise treadmill test; ICA, invasive coronary angiography; MPI, myocardial perfusion

imaging; RACP, rapid access chest pain.

table 2). By applying the standard UK tariff for SE, CTCA
and ICA, the average cost per investigated individual was
lower in group A by £46.11 (£279.66 vs £325.77).

Subgroup analysis and cost analysis

In patients with low-intermediate PTP RS (15%-50%)
(table 3), there was a numerically lower rate of progres-
sion to ICA in group Al compared with group B1 (8.7%
vs 12.6%, p=0.177), but not statistically significant. Simi-
larly, no difference between groups was observed for
revascularisation (2.6% vs 5.5%; p=0.122). The average
cost per investigated patient was considerably lower in
group Al compared with group Bl by £69.54.

In patients with intermediate-high PTP RS (>50%),
18.5% proceeded to ICA after first-line investigation in
group A2 compared with 14.6% in group B2 (p=0.512;
table 2). The revascularisation rate was also similar
between groups (10.8% vs 5.2%; p=0.187). The average

per patient cost was slightly higher in group A2 compared
with group B2 by £20.99. For the above comparisons,
the patients who were referred directly for ICA were
excluded.

Variables associated with revascularisation

Age, male gender, type of chest pain and the PTP RS were
independently correlated to revascularisation in univar-
iable log-regression analysis (table 4). The RS was then
entered into a multivariable model along with hyper-
tension, diabetes and smoking which were found to be
correlated to revascularisation with p<0.2 (table 4). Age,
gender and type of pain were not included as they are
components of the PTP RS. ESC RS was the only inde-
pendent factor related to revascularisation in the multi-
variable analysis (OR 1.05, 95% CI 1.04 to 1.06; p<0.001;
table 4).

Group B
RACP clinic
N =654

v

Investigated
N =468

N '

3 — 3

Stress Echo CTCA - Ca Score ETT CMR MPI ICA
N = 64 (13.7%) N =331 (70.7%) N =2 (0.4%) N = 2 (0.4%) N =5 (1.1%) N =44 (9.4%)
ICA Stress Echo CMR MPI ICA Stress Echo ICA Revascularisation
N = 7 (1.5%) N = 16 (3.4%) N = 2 (0.4%) N =1 (0.2%) N = 41 (8.8%) N =1 (0.2%) N =1 (0.2%) N =20 (4.3%)
Revascularisation ICA ICA Revascularisation
N = 2 (0.4%) N =1 (0.2%) N =1 (0.2%) N = 19 (4.1%)

Figure 2 Flow chart showing the investigations and management of patients in group B. CMR, cardiac magnetic resonance;
CTCA, CT coronary angiography; ETT, exercise treadmill test; ICA, invasive coronary angiography; MPI, myocardial perfusion

imaging; RACP, rapid access chest pain.
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Table 2 Progression to invasive coronary angiography (ICA) and revascularisation after initial non-invasive testing in groups A

and B
Group A Group B
n=302 % n=424 % P value All %
ICA 30 9.9% 51 12.0% 0.377 81 11.2%
Revascularisation 12 4.0% 21 5.0% 0.532 53 4.5%
PCI 10 3.3% 14 3.3% 0.994 24 3.3%
CABG 2 0.7% 7 1.7% 0.318 16 1.2%
Total investigations cost £84458.0 £138127.0 £222585.0
Average investigations cost £279.66 £325.77 £306.59

CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention.

An ROC analysis was performed, and an ROC curve
was plotted for PTP RS using revascularisation as a clas-
sification variable (figure 3). The area under the curve
was 0.797 (95% CI 0.743 to 0.851, p<0.001). An RS cut-
off value of 45.5 was found to have sensitivity 73.9% and
specificity 70.4% for predicting revascularisation.

DISCUSSION

The main findings of our study are: (1) following either
SE or CTCA as first-line investigation for new onset stable
chest pain, the progression rates to ICA and the need
for revascularisation are similar; (2) the average cost per
investigated patient is lower (by £46.11) based on UK
tariffs, when patients are initially investigated with SE;
(3) in patients with low-intermediate PTP RS, the average
investigation cost is considerably lower (by £69.54) if SE
is selected as first-line investigation, but in patients with
an intermediate-high RS it is slightly higher (by £20.99)
with the same rate of progression to ICA and revasculari-
sation in both subgroups, and (4) the ESC RS is the only
independent predictor of revascularisation.

NICE have changed dramatically their recommenda-
tion on new onset stable chest pain, and they suggest the
majority of patients to be investigated with an anatomical
imaging test, namely CTCA. The functional tests, such as
SE, have been downgraded as second-line investigations
in patients who cannot have a CTCA or when CTCA is

inconclusive." There is a significant ongoing debate on
anatomical versus functional tests as first-line investiga-
tions,6 7 and in our study, we explored how both strategies
perform in a real-life population.

NICE suggest that investigating patients with new onset
stable chest pain initially with CTCA can reduce the
overall cost of investigations and CAD can be diagnosed
more accurately.' ® Our study suggests that both strate-
gies (ie, CTCA vs SE as first-line investigations) lead to
similar rates of ICA and need for revascularisation with
a lower cost for SE-first approach. The clinical question
of anatomical versus functional first-line test has been
addressed in several studies. PROMISE (PROspective
Multicenter Imaging Study for Evaluation of Chest Pain),
alarge outcome trial on 10003 patients, compared CTCA
versus functional imaging tests (mostly stress nuclear
MPI) in patients with new onset stable chest pain and
intermediate risk, and found no difference in outcomes.’
There was low event rate of 3% in functional tests and
3.3% in CTCA arms. However, CTCA lead to a higher
rate of ICA (13.3% vs 5.1%) and revascularisation (6.2%
vs 3.2%; p<0.001).

SCOT-HEART (Scottish COmputed Tomography of
the HEART Trial) is another major clinical trial, where
patients were randomised to standard clinical evaluation
(which was ETT) versus ETT plus CTCA. Four thousand
and eighty patients completed a follow-up over a median

Table 3
intermediate-high (>50%) risk score

Investigations, revascularisation rate and cost analysis in subgroups of low-intermediate (15%-50%) and

PTP RS: 15%-50%

PTP RS >50%

Group A1 Group B1 Group A2 Group B2
N=195 N=293 P value N=65 N=96 P value
Stress echo 140 (71.8%) 48 (16.4%) <0.001 59 (90.8%) 28 (29.2%) <0.001
CTCA 47 (24.1%) 241 (82.3%) <0.001 4 (6.2%) 61 (63.5%) <0.001
ICA 17 (8.7%) 37 (12.6%) 0.177 12 (18.5%) 14 (14.6%) 0.512
Revascularisation 5 (2.6%) 16 (5.5%) 0.122 7 (10.8%) 5 (5.2%) 0.187
Total cost £51997.0 £98505.0 £23276.0 £32362.0
Average cost £266.65 £336.19 £358.09 £337.10

CTCA, CT coronary angiography; ICA, invasive coronary angiography; PTP RS, pretest probability risk score.
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Table 4 Univariable and multivariable log-regression analysis of factors correlated with revascularisation

Univariable analysis

Multivariable analysis

Variable OR (95% Cl) P value OR (95% Cl) P value
Age 1.05 (1.03 t0 1.07) <0.001
Gender (male) 2.76 (1.60 t0 4.77) <0.001
Type of pain <0.001

Non-anginal 1.00 (Reference)

Atypical 2.56 (0.60 t0 10.87) 0.202

Typical 14.64 (3.42 t0 62.72) <0.001
Risk score 1.05 (1.04 to 1.06) <0.001 1.05 (1.04 to 1.06) <0.001
Hypertension 1.57 (0.96 to0 2.58) 0.074 1.18 (0.67 to 2.06) 0.568
Hypercholesterolaemia 1.16 (0.70 to 1.93) 0.569 0.082
Diabetes 1.46 (0.84 10 2.55) 0.184 1.00 (0.53 0 1.88) 0.999
Positive family history 1.27 (0.77 10 2.08) 0.346
Smoking 1.52 (0.87 10 2.65) 0.143 1.72 (0.94 t0 3.13) 0.077

of 4.8 years."” There was no difference between groups in
the need for ICA and revascularisation at 5 years, which
is consistent with our study. However, a lower rate of the
primary endpoint (death from coronary heart disease or
non-fatal myocardial infarction) was observed in the ETT
plus CTCA arm. This was primarily driven by a lower rate of
non-fatal myocardial infarction and the authors attribute
the difference in the medical treatment which was given
to ETT plus CTCA arm patients based on more correct
diagnosis of CAD. Indeed, 19.4% of patients in the CTCA

ROC Curve
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Figure 3 Receiver operating characteristic (ROC) analysis
for prediction of revascularisation for the European Society
of Cardiology pretest probability risk score. Area under the
curve (AUC)=0.797 (95% CI 0.743 to 0.851, p<0.001).

arm commenced preventive therapy as opposed to 14.7%
in the standard care arm. A difference was also noted in
antianginal therapies (13.2% vs 10.7%). The ETT, which
was used as ‘standard care’ investigation, is known to
have low sensitivity (only 50%) in diagnosing CAD, and
ESC recommend not using it for diagnostic purposes.” In
clinical practice, it is used only when imaging modalities
(functional or anatomical) are not available. In addition,
the researchers compared two tests versus one test. It is
not surprising that a combination of a functional plus an
anatomical investigation appears to be more ‘accurate’ in
diagnosing CAD compared with a functional test alone.
On the other hand, SCOT-HEART highlighted the signif-
icance of diagnosing coronary atherosclerosis, which
allows for primary prevention treatment. This by itself
consists an important clinical implication. The functional
imaging tests cannot detect haemodynamically non-
significant coronary atherosclerosis, which undoubtedly
is a weakness. On the other hand, they can detect micro-
vascular disease which adds critical prognostic value,'' ™
and this is something that anatomical tests cannot iden-
tify. Whether these differences between functional and
anatomical imaging tests are clinically significant is not
entirely clear based on current evidence.’

Our findings further suggest lower cost when the
patients are investigated initially with SE, based on UK
tariff rates. This is probably attributable to the lower cost
of SE compared with CTCA, but also to the fact that in
our population a lower proportion of patients required
further investigation after SE compared with the need
for additional testing following CTCA (2.6% vs 4.5%;
p=0.198), though the absolute numbers were relatively
small. When the two strategies were compared in a low-
intermediate risk population, the cost was even lower
with a SE-first approach. In addition to lower cost, SE’s
prognostic role should not be overlooked, given that
the presence of ischaemia is predictive of adverse events
including unstable angina, myocardial infarction, late
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revascularisation and cardiac death.” "7 The wide avail-
ability and low cost have established SE as first-line inves-
tigation in many institutions worldwide.

The updated NICE guidelines have received a lot of
criticism for removing the PTP RS and downgrading
the usefulness of functional tests.’ However, NICE claim
that the RS was not able to identify sufficiently patients
with <10% and>90% PTP.® Hence, clinical evaluation
alone was considered inadequate in distinguishing
patients who need or not further investigation. On the
contrary, ESC recommend the use of RS, which has been
proven to have a predictive role.”* In our study, ESC
RS was shown to be the only independent predictor of
revascularisation, suggesting that the combination of
demographic and clinical variables can be useful in
contemporary clinical practice to identify patients who
will require coronary revascularisation.

ESC have now published new guidelines on stable coro-
nary syndromes, ® which were not available prior to our
article submission. Interestingly enough, they still recom-
mend the use of RS and the findings of our study are in
line with this recommendation. Additionally, functional
tests are still recommended as first-line investigation in
symptomatic patients when obstructive CAD cannot be
excluded by clinical assessment alone (ie, RS). In the
same population, CTCA can also be used, which is an
upgrade of CTCA’s role. The Task Force comment that
CTCA is preferable in patients with a lower range of clin-
ical likelihood of CAD and characteristics associated with
good image quality. On the contrary, they mention that
non-invasive functional tests have better rule-in power.

Current literature, along with our study, suggests that
both CTCA and functional tests can serve equally well as
first-line investigations in patients with new onset stable
chest pain. Local expertise, availability and tariffs may
make clinicians choose one or the other. In a period
that the NHS faces significant financial difficulties, with
many Trusts not having the capacity of CT scanners to
accommodate the increase in CTCA requests, SE can be
a very useful diagnostic tool, relieving stress on facilities
and clinicians. Given that the majority of new referrals to
cardiology specialist units are for new onset chest pain,
we believe that our study will be of special interest to
the cardiologists worldwide and may also trigger further
research and discussion on the ongoing controversy
between NICE and ESC guidelines.

Study limitations

This is a non-randomised observational two-centre study
with the inherent limitations and bias and the results
should be interpreted accordingly. Two discrete popu-
lations from two different centres were compared. The
baseline characteristics and the prevalence of risk factors
for CAD were similar in the two investigated groups.
However, the symptom profile of two groups was different,
which may have an impact on the results. This differ-
ence highlights the subjectivity in symptoms assessment
by clinicians. In any event when the type of chest pain

was included in the RS, the latter was found to be similar
between the groups. In group B, 13.7% of patients were
deemed unsuitable for CTCA. This percentage appears
high, but it was the clinician’s decision to avoid the risk of
higher dose of beta-blockers and/or high-dose radiation
with retrospective gating in a 64-clice CT scanner. Patients
who were referred directly for ICA have been excluded
from the cost analysis and this may bias the cost analysis.
However, the scope of this study was to compare the non-
invasive tests as gatekeepers to ICA and not the direct
ICA referrals. In addition, high-risk patients are deemed
appropriate to be referred directly for ICA according to
both NICE and ESC guidelines. No follow-up data have
been recorded regarding patient outcome as the scope
of the study was to assess the frequency of ICA and revas-
cularisation, when two different guidelines are followed
and also evaluate the cost effectiveness. In the view of the
absence of long-term follow-up data, the revascularisation
rate in our cohort appears lower compared with other
studies. Finally, the cost analysis is based on UK tariff
rates.

CONGLUSION

UK NICE and ESC-recommended investigative strategies,
when applied to discrete but similar populations, led to
comparable rates of invasive coronary angiograms and
revascularisation, but lower cost when SE was used as first-
line investigation. The ESC RS was found to be the only
independent predictor of revascularisation. It is reason-
able to conclude that healthcare providers may follow
either strategy, considering local service availability,
expertise, local tariffs and budget, and PTP RS remains
of clinical utility in a contemporary population.
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