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Abstract
Objectives To determine resource utilisation according to age
and gender-specific subgroups in two large randomized diag-
nostic trials.
Methods We pooled patient-specific data from ACRIN-
PA 4005 and ROMICAT II that enrolled subjects with
acute chest pain at 14 US sites. Subjects were random-
ized between a standard work-up and a pathway utiliz-
ing cardiac computed tomography angiography (CCTA)
and followed for the occurrence of acute coronary syn-
drome (ACS) and resource utilisation during index
hospitalisation and 1-month follow-up. Study endpoints
included diagnostic accuracy of CCTA for the detection
of ACS as well as resource utilisation.

Results Among 1240 patients who underwent CCTA, nega-
tive predictive value of CCTA to rule out ACS remained very
high (≥99.4%). The proportion of patients undergoing addi-
tional diagnostic testing and cost increased with age for both
sexes (p < 0.001), and was higher in men as compared to
women older than 60 years (43.1% vs. 23.4% and $4559 ±
3382 vs. $3179 ± 2562, p < 0.01; respectively). Cost to rule
out ACS was higher in men (p < 0.001) and significantly
higher for patients older than 60 years ($2860–5935 in men,
p < 0.001).
Conclusions CCTA strategy in patients with acute chest pain
results in varying resource utilisation according to age and
gender-specific subgroups, mandating improved selection
for advanced imaging.
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Key Points
• In this analysis, CAD and ACS increased with age and male
gender.

• CCTA in patients with acute chest pain results in varying
resource utilisation.

• Significant increase of diagnostic testing and cost with age
for both sexes.

• Cost to rule out ACS is higher in men and patients >60
years.

• Improved selection of subjects for cardiac CTA result in more
resource-driven implementation.

Keywords Coronary CTangiography . Coronary stenosis .

Acute chest pain . Test utilisation . Cost analysis

Abbreviations
ACS Acute coronary syndrome
CABG Coronary artery bypass graft
CAD Coronary artery disease
CCTA Cardiac computed tomography angiography
CT Computed tomography
CTA Computed tomography angiography
ECG Electrocardiogram
ED Emergency department
NPV Negative predictive value
PCI Percutaneous coronary intervention
PPV Positive predictive value
SD Standard deviation
SOC Standard of care
TIMI Thrombolysis in myocardial infarction

Introduction

Cardiac computed tomography angiography (CCTA) is an
alternative strategy to functional testing in patients with acute
and stable chest pain and suspected coronary artery disease
(CAD) [1]. There is strong evidence from large, multicentre
randomized trials demonstrating that implementation of com-
puted tomography angiography (CTA) in the diagnostic work-
up of patients with acute chest pain results in shorter time to
diagnosis and reduced length of hospitalisation without
missed acute coronary syndrome (ACS) [1, 2]. However,
these trials were not adequately powered to detect any effect
of cardiac CTA on health outcomes or to demonstrate whether
the observed increased rate of downstream testing. In addition,
the efficiency of cardiac CTA may vary with age and gender
given that differences in the usefulness of functional and ana-
tomic testing have been reported [3].

Cost-effectiveness analysis is one way to determine clinical
utility; however, an alternative is to determine efficiency

based on an intention to diagnose analysis, similar to an in-
tention to treat analysis for medical therapy [4].

To assess the efficiency and effectiveness of cardiac CTA
strategy in age and gender strata, we pooled individual patient
data from two large randomized comparative effectiveness
trials in patients with acute chest pain.

Material and methods

Population

This study includes subjects from the two largest prospective
randomized diagnostic trials that enrolled subjects who pre-
sented with acute chest pain but with inconclusive initial eval-
uation in the emergency department (ED) (NCT01084239;
NCT00933400), the details of which have been published
previously [1, 2]. In total, subjects were recruited at 14 hospi-
tals [five [1] and nine [2] hospitals in the USA] from 2009 to
2011 [1] and from 2010 to 2012 [2]. All subjects were ran-
domized to either a standard diagnostic strategy or a diagnos-
tic strategy incorporating cardiac CTA for initial evaluation.
Only patients that underwent CTA and were available for
analysis were included. Studies were approved by local insti-
tutional review boards and were HIPAA-compliant, and all
participants provided written informed consent.

Briefly, subjects were eligible if they were 30 years or older
(40–74 years of age in [2]), presented to the ED with chest
pain or anginal equivalent suggestive of myocardial ischae-
mia, and if further risk stratification for excluding acute coro-
nary syndrome was warranted as determined by the attending
physician. All subjects were at low to intermediate risk owing
to a non-diagnostic electrocardiogram (ECG) and negative
initial troponin test [thrombolysis in myocardial infarction
(TIMI) risk score of 0 to 2 [2]] at initial presentation. Major
exclusion criteria were mainly computed tomography (CT)
related, including impaired renal function (>1.5 mg/dL serum
creatinine), known allergy to iodinated contrast agent, clini-
cally unstable condition or non-sinus rhythm.

Study protocol

Upon enrolment, subjects were randomized using a two-to-
one [1] or one-to-one [2] strategy, which included a standard
diagnostic strategy established at study sites or a strategy uti-
lizing cardiac CTA for initial evaluation. Results of the cardiac
CTAwere provided to caregiving physicians in real-time and
taken into account for clinical decision-making, which includ-
ed early discharge of patients. All hospital tests and proce-
dures were monitored and final diagnosis was collected.
Different safety measures were applied in order to avoid un-
safe discharge of patients with undetected ACS, including a
second troponin test in patients who were discharged early
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(within 90–180 min after arrival at the ED [1]), or an early
follow-up phone call within 72 h following discharge [2].

Follow-up was performed at least 4 weeks (28 days [2] or
30 days [1], respectively) after enrolment to determine patient
safety outcomes. The follow-up telephone call comprised col-
lection of information on repeat visits to the ED or
hospitalisation for recurrent chest pain (including diagnostic
testing, intervention and clinical events during follow-up); all
potential events were verified by the collection of medical
records by an independent clinical event committee.

Cardiac CT angiography and analysis

All study participants underwent cardiac CTA using at least
64-slice technology and standardised protocols according to
current guidelines [5].

Results were reported according to the Society of
Cardiovascular Computed Tomography guidelines, with the
use of the American Heart Association coronary segment
model [6]. For the analysis, the presence of stenosis was de-
fined as a luminal narrowing of at least 50% in at least one of
the 17 coronary segments. If image quality did not permit
definite exclusion of the presence of a significant stenosis
(because of the presence of motion artefacts, calcification or
low contrast-to-noise ratio), the segment was classified as in-
conclusive. For clinical applicability of the analysis, inconclu-
sive segments were counted as positives for the determination
of test characteristics of cardiac CTA. Conversely, plaque was
defined as being intraluminal, plaque presence was defined as
presence of luminal narrowing less than 50% and no plaque
was defined by the absence of any intraluminal plaque on a
per patient basis.

Clinical covariates

Demographic variables were collected prospectively and pres-
ence of risk factors was established from actual measurements
obtained during the hospitalisation and as defined elsewhere
[1, 2]. Because age and gender are the most easily obtainable
independent predictors and effect modifiers for both ACS and
CAD [7–9], analysis was performed in age (<50, 50–60, and
>60) and gender-specific strata, providing sufficient sample
size in each of the age groups.

Test utilisation and costs

Resource utilisation was defined as any additional diagnostic
testing (exercise treadmill testing, nuclear stress myocardial
perfusion imaging, stress echocardiography or invasive coro-
nary angiography) or coronary revascularisation (percutane-
ous coronary intervention or coronary artery bypass grafting
(CABG)) from the index assessment in the ED to follow-up at
28 or 30 days, and it included resources used during outpatient

visits, repeat visits to the ED or hospitalisation for recurrent
chest pain. Costs were defined with respect to payer cost.
Health care costs during the index care episode were available
for ROMICAT II patients only. For these patients, costs were
assessed from reports from hospital cost-accounting systems
and physician billing records. Costs were adjusted to 2011 US
dollars. A multiple linear regression model with total cost as
outcome variable and detailed diagnostic test and intervention
data as independent variables was used to estimate the costs
for ACRIN-PA 4005 patients. Diagnostic cost of care included
costs for functional testing and invasive coronary angiography
as well as ED and observational unit costs. Total cost of care
further included costs for percutaneous coronary interventions
and CABG as well as hospitalisation costs. The costs regard-
ing the intention to diagnose ACS were calculated as the fol-
lowing ratio: diagnostic cost of care divided by the number of
ACS. Similarly, the costs regarding the intention to rule out
ACS were calculated as the following ratio: diagnostic cost
divided by the number of non-ACS patients. Costs are in US
dollars.

Study endpoints

The primary endpoint of this analysis was diagnostic accuracy
for detection of ACS during the index hospitalisation per age
and gender strata. ACS was defined as myocardial infarction
or objective confirmation of unstable angina (reversible is-
chaemia on provocative testing or coronary angiography indi-
cating stenosis of 70% ormore in a coronary artery) as verified
by an independent adjudication committee [10]. Secondary
endpoints included prevalence of ACS and at least 50% ste-
nosis on CTA as well as resource utilisation and costs by age
and gender strata, specifically overall costs and costs for in-
tention to diagnose ACS.

Methods of data pooling

For data pooling, all patient-level source data from the two
trials were combined by an independent statistical core.
Definitions of all core variables with respect to CT findings,
outcomes and risk categories were identical and no modifica-
tions were required.

Statistical analysis

All statistical analyses were performed by an independent
data-coordinating centre. Continuous variables are presented
as means ± standard deviations and medians with interquartile
ranges. Comparisons between groups were performed with
the use of an independent sample t test for continuous vari-
ables, Fisher’s exact test for categorical variables and the
Wilcoxon rank-sum test for ordinal variables.
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For each stratum, the prevalence of ACS and conventional
measures of diagnostic accuracy [sensitivity, specificity, pos-
itive and negative predictive value (PPVand NPV, respective-
ly), including 95% confidence intervals using the exact
binominal distribution] were determined. Pretest probability
of ACS was defined as the prevalence of ACS within the
strata.

A two-sided P value of less than 0.05 was considered to
indicate statistical significance. All analyses were performed
using Stata (Version 13.1 StataCorp LP, College Station, TX,
USA).

Results

Among the 2370 patients enrolled in the two trials, all subjects
randomized to the standard of care arms as well as subjects in
whom no CTA findings were available were excluded from
the study (n = 961 and n = 169; respectively, Fig. 1). Thus,
1240 study participants in the CTA arm formed the analysis
cohort.

Baseline characteristics of the predominantly middle-aged
study population (mean age 51.0 ± 8.9, 50.6% male) are pro-
vided in Table 1. There were differences between the two
cohorts with respect to age, dyslipidaemia and TIMI score.
After complete diagnostic evaluation, 68 patients (5.5%) had
a final diagnosis of ACS: nine patients with myocardial in-
farction and 59 with unstable angina (0.7% and 4.8%, respec-
tively). There were significant differences in ACS rates be-
tween men and women (p < 0.05) as well as with respect to
age (p < 0.05). All subsequent analysis was stratified by age
and gender.

Prevalence of findings and outcomes

Both CT findings and ACS rates varied significantly between
age groups and gender. Both rates of CT-positive findings and
ACS were lower in women by approximately one age catego-
ry as compared to men (Table 2, Fig. 2).

There was a significant increase in the prevalence of sig-
nificant stenosis and a more pronounced increase in the pres-
ence of any plaque with age for women and men (Table 2,
Fig. 2). ACS rates increased with age in both women and men
but were lower overall in women than in men (2.5% to 5.4%,
p = 0.176 in women in the youngest vs. oldest age group, and
3.1% to 23.2%, p < 0.001 in men in the youngest vs. oldest
age group).

Diagnostic accuracy of cardiac CTA

In contrast to the prevalence of findings and outcomes, there
was no difference in the high NPV and sensitivity across age
groups (at least 99.4%, Table 2). Also, cardiac CTA correctly
identified all ACS in women older than 50 years of age (sen-
sitivity 100%), whereas in female subjects younger than 50
years of age one of six cases of ACS was missed (sensitivity
83.3%). A total of one case of ACS was missed in men 50–60
years of age (sensitivity 96%) with none missed in the two
other male age groups (Table 2). Both in women and men, the
specificity and PPV decreased with age (Table 2). While sen-
sitivity is very high across all ranges of calcium score, speci-
ficity decreases with increasing calcium score (for both men
and women) (Supplementary Table 1) [12].

Resource utilisation and healthcare costs

Similar to the CT findings and outcomes, there was a signif-
icant difference in resource utilisation across age groups with
highest utilisation in the oldest male age group (Tables 3 and
4, p < 0.01).

In women, the rate of subjects with additional testing in-
creased with age (10.7% vs. 23.4% (p < 0.01) for the youngest
vs. oldest female age group, respectively). Similarly, the rate
of invasive coronary angiography and interventions was
highest in the oldest female age group (8.1% and 4.5%, re-
spectively). Likewise in men, the rate of subjects with addi-
tional testing increased with age (12.8% vs. 43.4% (p < 0.001)
for the youngest vs. oldest male age group, respectively) with
the rate of invasive coronary angiography and interventions
being highest in the oldest male age group at 21.7% and
11.6%, respectively.

The increase in invasive coronary angiographies with in-
creasing age is significant for both groups, i.e. men (p < 0.001)
and women (p = 0.026). Overall 37/81 (45.7%) of coronary
angiographies were followed by PCI and 5/81 (6.2%) were
followed by CABG. Coronary angiographies followed in

ACRIN-PA 4005 trial
(n = 1,370)

ACRIN-PA 4005 CCTA arm
(n = 908)

ROMICAT II trial
(n = 1,000)

ROMICAT II CCTA arm
(n = 501)

Study population (n =1,240)

Excluded: w/o cardiac CTA 
• 28 patients (ROMICAT)
• 141 patients (ACRIN)

Excluded: patients in SOC arm
• 499 patients (ROMICAT)
• 462 patients (ACRIN)

Fig. 1 Participant flow from source trials. Study flow chart
demonstrating patient flow from the two source trials to the analysis
cohort (n = 1240). SOC standard of care, CCTA cardiac computed
tomography angiography
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74/231 (32.0%) of patients that had a positive CTA scan lead-
ing to 41/231 (17.8%) revascularisation (37 PCI, 4 CABG).

The mean total cost of care (US$) was 3334 ± 4538 with
the diagnostic cost of care (US$) accounting for nearly 90%
(2955 ± 2353) of the total. The diagnostic costs of care were
significantly higher in men than in women (3242 ± 2749 vs.

2661 ± 1817; p < 0.001) and increasedwith age for both wom-
en and men (Tables 3 and 4, Fig. 3). However, the proportion
of diagnostic costs to the total cost of care decreased with
increasing age. On average the proportion was lower in men
as compared with women (0.85 vs. 0.94, p < 0.001). Similarly,
the prevalence of ACS and the prevalence of plaque on CT

Table 1 Patient demographics
and clinical outcomes stratified by
source trial

All ROMICAT II ACRIN-PA 4005 p value*

n 1240 473 767
Age (years), mean ± SD 51.0 ± 8.9 53.9 ± 8.0 49.2 ± 8.9 <0.001
Female, n (%) 612 (49.4) 224 (47.4) 388 (50.6) 0.293
Cardiovascular risk factors, n (%)
Hypertension 645 (52.0) 252 (53.3) 393 (51.5) 0.520
Diabetes mellitus 183 (14.8) 79 (16.7) 104 (13.6) 0.138
Dyslipidaemia 426 (34.4) 216 (45.7) 210 (27.4) <0.001
Former or current smoker 611 (49.3) 236 (49.9) 375 (48.9) 0.770
Family history of premature CAD 353 (28.5) 131 (27.7) 222 (28.9) 0.651

TIMI score, n (%) 0.028
Low (0–1) 1087 (87.7) 427 (90.3) 660 (86.1)
Intermediate (2–4) 153 (12.3) 46 (9.7) 107 (13.9)

Diagnosis, n (%)
Acute coronary syndrome 68 (5.5) 37 (7.8) 31 (4.0)
Unstable angina pectoris 59 (4.8) 32 (6.8) 27 (3.5) 0.007
Myocardial infarction 9 (0.7) 5 (1.1) 4 (0.5) 0.013

Any plaque by CCTA 579 (46.7) 251 (53.1) 328 (42.8) 0.314
Indeterminate CCTA results 69 (5.6) 20 (4.2) 49 (6.4) 0.126

CT radiation dose
CTDI (vol), median (IQR) 34.3 (21.3–45.7) 38.1 (28.2–56.0) 30.5 (18.9–42.5) <0.001
Dose length product, median (IQR) 540 (323–745) 627 (460–878) 437 (274–666) <0.001

ACS acute coronary syndrome, CAD coronary artery disease, CTDI computed tomography dose index, IQR
interquartile range, SD standard deviation, TIMI thrombolysis in myocardial infarction

*Difference between ROMICAT II and ACRIN PA 4005 trials

Table 2 Prevalence of acute
coronary syndrome (ACS),
findings on cardiac computed
tomography (CCTA) and
diagnostic accuracy for the
detection of ACS according to
age groups by gender

Age (years)

Variable All ages <50 50–60 >60

Women (n) 612 244 257 111
ACS 17 (2.8) 6 (2.5) 5 (2.0) 6 (5.4)
Any plaque by CCTA 232 (37.9) 60 (24.6) 108 (42.0) 64 (57.7)
Coronary stenosis 89 (14.5) 21 (8.6) 42 (16.3) 26 (23.4)
Diagnostic accuracy of CCTA for ACS
Sensitivity (95% CI) 94.1% (71–100) 83.3% (36–100) 100.0% (48–100) 100.0% (54–100)
Specificity (95% CI) 82.7% (85–90) 93.3% (89–96) 85.3% (80–89) 81.0% (72–88)
NPV (95% CI) 99.8% (99–100) 99.6% (98–100) 100% (98–100) 100% (96–100)
PPV (95% CI) 18.0% (11–28) 23.8% (8–47) 11.9% (4–26) 23.1% (9–44)

Men (n) 628 322 237 69
ACS 51 (8.1) 10 (3.1) 25 (10.6) 16 (23.2)
Any plaque by CCTA 347 (55.3) 136 (42.2) 156 (65.8) 55 (79.7)
Coronary stenosis 142 (22.6) 48 (14.9) 57 (24.1) 37 (53.6)
Diagnostic accuracy of CCTA for ACS
Sensitivity (95% CI) 98.0% (90–100) 100.0% (69–100) 96.0% (80–100) 100.0% (79–100)
Specificity (95% CI) 84.1% (81–87) 87.8% (84–91) 84.4% (79–89) 60.4% (46–74)
NPV (95% CI) 99.8% (99–100) 100% (99–100) 99.4% (97–100) 100% (89–100)
PPV (95% CI) 35.2% (27–44) 20.8% (11–35) 42.1% (29–56) 43.2% (27–61)

The presence of coronary stenosis of at least 50% or indeterminate was classified as positive. Results are provided
as n (%)

CI confidence interval, NPV negative predictive value, PPV positive predictive value
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were predictive of increased costs (β: US$4407 per 1% in-
crease in prevalence of ACS, p = 0.037, and β: US$1894 per
1% increase in prevalence of plaque on CT, p = 0.026;
respectively).

Key drivers of cost were coronary angiographies, which
accounted for 16.8% of diagnostic cost, followed by SPECT,
which accounted for 5.8% of the diagnostic cost. Much of the
diagnostic costs, which are based on a multiple linear ordinary

Table 3 Resource utilization and
diagnostic cost of care by age in
women

Age (years) All ages <50 50–60 >60

612 244 257 111

Test utilization, n (%)

No additional testing 526 (86.0) 218 (89.3) 223 (86.8) 85 (76.6)

1 additional test 68 (11.1) 18 (7.4) 31 (12.1) 19 (17.1)

≥2 additional tests 18 (2.9) 8 (3.3) 3 (1.2) 7 (6.3)

Functional testing, n (%)

SPECT 38 (6.2) 13 (5.3) 11 (4.3) 14 (12.6)

Stress
echocardiography

19 (3.1) 6 (2.5) 9 (3.5) 4 (3.6)

ETT 4 (0.7) 2 (0.8) 1 (0.4) 1 (0.9)

Invasive coronary
angiography, n (%)

22 (3.6) 5 (2.1) 8 (3.1) 9 (8.1)

Intervention, n (%)

PCI 9 (1.5) 3 (1.2) 2 (0.8) 4 (3.6)

CABG 1 (0.2) 0 (0.0) 0 (0.0) 1 (0.9)

Costs (US$)

Total cost of care
(US$), mean ± SD

2832 ± 3116 2607 ± 2156 2624 ± 1919 3813 ± 5823

Total diagnostic cost
(US$), mean ± SD

2661 ± 1817 2522 ± 1586 2570 ± 1591 3179 ± 2562

Intention to diagnose
ACS (US$), ratio
(95% CI)

95,799

(53,811–137,788)

102,548

(25,374–179,723)

132,095

(21,681–242,510)

58,803

(19,351–98,255)

Intention to rule out
ACS (US$), ratio
(95% CI)

2737

(2563–2911)

2585

(2348–2822)

2621

(2396–2846)

3360

(2730–3991)

Costs are provided asmean ± standard deviation or ratio (95% confidence intervals) (all in US$). Test utilization is
provided in addition to CCTA and may include multiple invasive coronary angiographies, exercise tolerance test
(ETT), single-photon emission computed tomography (SPECT), nuclear myocardial perfusion imaging (MPI),
echocardiography and stress echocardiography during index hospitalization

PCI percutaneous coronary intervention, CABG coronary artery bypass graft, ACS acute coronary syndrome
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a b

p = 0.176

p<0.001

Fig. 2 Disease prevalence by age and gender. Prevalence of acute
coronary syndromes (ACS), presence of coronary plaque (less than

50%) and significant coronary stenosis (at least 50%) according to age
in women (a) and men (b) among 1240 patients with acute chest pain
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least squares regression approach, are non-specific, i.e. rough-
ly 71% of the cost is due to ED or observational unit costs,
medication costs, etc.

In an intention to rule out ACS analysis, the cost to rule out
one ACS was higher in men as compared with women
($3528, 95% CI 3229–3828 vs. $2737, 95% CI 2563–2911)

and increased significantly with age in women from $2585 to
$3360 and in men from $2860 to $5935. Conversely, in an
intention to diagnose ACS analysis, the cost to diagnose one
ACS was much lower in men as compared to women
($39,918, 95% CI 31,110–48,726 vs. $95,799, 95% CI
53,811–137,788, P < 0.001) and decreased with age in

Table 4 Resource utilization and
diagnostic cost of care by age in
men

Age (years) All ages <50 50–60 >60

628 322 237 69

Additional diagnostic testing, n (%)

No additional testing 442 (78.7) 494 (78.7) 174 (73.4) 39 (56.5)

1 additional test 95 (15.1) 26 (8.1) 46 (19.4) 23 (33.3)

≥ 2 additional tests 39 (6.2) 15 (4.7) 17 (7.2) 7 (10.1)

Functional testing, n (%)

SPECT 49 (7.8) 16 (5.0) 22 (9.3) 11 (15.9)

Stress echocardiography 18 (2.9) 6 (1.9) 9 (3.8) 3 (4.4)

ETT 9 (1.4) 4 (1.2) 2 (0.8) 3 (4.4)

Invasive coronary
angiography, n (%)

59 (9.4) 16 (5.0) 28 (11.8) 15 (21.7)

Intervention, n (%)

PCI 28 (4.5) 7 (2.2) 14 (5.9) 7 (10.1)

CABG 4 (0.6) 1 (0.3) 2 (0.8) 1 (1.5)

Cost (US$)

Total cost of care (US$),
mean ± SD

3823 ± 5544 3055 ± 4125 4268 ± 6228 5882 ± 7792

Overall diagnostic cost
(US$), mean ± SD

3242 ± 2749 2772 ± 2189 3497 ± 2907 4559 ± 3382

Intention to diagnoseACS
(US$), ratio (95% CI)

39,918
(31,110–48,-
726)

89,242
(39,444–139,-
042)

33,153
(22,980–43,-
327)

19,661
(13,684–25,-
638)

Intention to rule out ACS
(US$), ratio (95% CI)

3528
(3229–3828)

2860
(2573–3148)

3910
(3360–4459)

5935
(4083–7787)

Costs are provided asmean ± standard deviation or ratio (95% confidence intervals) (all in US$). Test utilization is
provided in addition to CCTA and may include multiple invasive coronary angiographies, exercise tolerance test
(ETT), single-photon emission computed tomography (SPECT), nuclear myocardial perfusion imaging (MPI),
echocardiography and stress echocardiography during index hospitalization

PCI percutaneous coronary intervention, CABG coronary artery bypass graft, ACS acute coronary syndrome

% negative CT
% negative CT

$$ diagnostic
$$ diagnostic

$$ to diagnose ACS

$$ to diagnose ACS

$$ to rule-out ACS
$$ to rule-out ACS

Fig. 3 Costs and prevalence of negative findings by age and gender.
Relationship of the prevalence of negative finding on CT (% negative
CT, absence of at least 50% stenosis) and diagnostic costs according to

age groups for men (a) and women (b). Diagnostic costs are illustrated as
total diagnostic costs ($$ diagnostic), costs to diagnose one ACS ($$ to
diagnose ACS) and costs to rule out ACS ($$ to rule out ACS)
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women from $102,548 to $58,803 and in men from $89,242
to $19,661.

Discussion

In this pooled analysis of patient-level data from two large
randomised diagnostic trials comparing a CTA strategy with
standard of care in patients presenting with acute chest pain to
the ED, we demonstrate that increased downstream testing
and costs occur with age, these increases are more pronounced
in men than in women and are associated with an increase in
prevalence of CAD. When put into the perspective of an in-
tention to rule out analysis, the costs to rule out an ACS in-
crease with age and are higher in men compared to women.
Conversely, the costs to diagnose an ACS decrease with age
and are lower in men as compared to women. Hence, im-
proved selection of patients at very low and high risk of
ACS is key to improve efficiency of the management of pa-
tients presenting with suspicion of ACS.

Age and gender are well-known predictors of CAD, myo-
cardial infarction and ACS [7–9]. We found that the preva-
lence of at least 50% stenosis on CTA is strongly associated
with age in both women and men with rates of significant
coronary stenosis increasing from 8.6% in women below 50
years of age to 53.6% in men over 60 years of age. This is
mirrored in the increasing rates of ACS among the age and
gender categories, ranging from 2.5% to 23.2%. Thus, we
extend earlier evidence by Diamond and Forrester that age
and gender are useful discriminators in patients with suspected
CAD into the setting of acute chest pain [11–13].

It is notable that the prevalence of CT findings and ACS in
women trails that in men by approximately 10 years. While
our results point out the ability of CTA to exclude disease in
women with a significant shortening effect on length of
hospitalisation [3], they also raise caution for its application
in younger women, as the sensitivity in this age category was
as low as 83.3% (36–100%), still resulting in a post-test prob-
ability of disease of 0.4%. In the one false negative subject,
ACSwas detected after hospital admission despite the absence
of coronary stenosis on CT, presumably because of transient
ischaemia caused by vasospasm or thrombus, or because of
endothelial dysfunction or microvascular disease particularly
in women, representing a limitation of cardiac CT [14, 15]. It
is important to note that in our cohort of 1240 patients, there
were two patients with ACS that had no detectable coronary
stenosis of at least 50%. However, both subjects had non-
obstructive plaque on CCTA, which may also reflect the lim-
itations of the arbitrary threshold of 50% for the definition of
obstructive stenosis and less than 50% defined as non-
obstructive plaque. However, these cases may also represent
the clinical scenario of ACS occurring in subjects without
coronary stenosis [16].

Three large multicentre trials have demonstrated that cardi-
ac CT is an effective and safe alternative strategy to functional
testing for evaluation of patients with acute chest pain.
However, these trials also reported increased downstream re-
source utilisation and costs, particularly an increased number
of invasive angiograms as compared to standard of care (5–
12% for CTA vs. 4–8% for SOC) [1, 2, 17]. Similar observa-
tions were made in a recent meta-analysis summarising 1869
patients randomised to CTA arms and 1397 to SOC arms [18].
We expand on these prior reports by providing a pooled anal-
ysis of patient-level data from two large randomised diagnos-
tic trials, allowing insight into the efficiency of a cardiac CTA
strategy including downstream testing and costs stratified by
gender and age.

We further extend earlier work on resource utilisation by
using cost to rule out and cost to diagnose ACS as relative
measures of cost-effectiveness, evaluating total costs from the
perspective of risk to suffer an adverse outcome (ACS). These
analyses suggest that resource utilisation and costs are higher
in older age groups and men because of the higher prevalence
of ACS. From an ED perspective, the intention to rule out
analysis is the more clinically relevant measure and demon-
strates that implementing CT in the work-up of patients over
60 years of age results in significantly higher costs as com-
pared with younger patients ($2860 to $5935 in men,
p < 0.001). From a diagnostic point of view, the intention to
diagnose analysis indicates that resource utilisation may be
more effective in higher risk populations as the prevalence
of ACS increases more than the downstream testing and costs,
resulting in a lower cost to diagnose ACS ratio (women: <50
years of age $102,548 vs. >60 years of age $58,803; men: <50
years of age $89,242 vs. >60 years of age $19,661). Hence,
these data suggest that resources are relatively well spent ac-
cording to risk of the patients with more resources being de-
voted to higher risk groups.

There is probably broad agreement among caregivers that
not all patients currently undergoing diagnostic testing need
advanced imaging, and clinical practice may simply reflect the
lack of potent risk stratification tools. Recent data suggest that
highly sensitive troponin assays may facilitate improved pa-
tient selection and improve resource utilisation [19].
Additionally, the low yield of catheterisation lab referrals after
cardiac CTA also needs to be addressed (amaximum of 21.7%
in men over 60 years of age). Forthcoming data suggest that
functional information, for example, provided by CT-based
determination of fractional flow reserve may serve as a gate-
keeper and decrease the number of catheterisation referrals
significantly [20], thereby further increasing the efficiency.

The study has several notable limitations. Our analysis is
limited to the CTarms of the twomother trials. While this may
have prevented a direct comparison to the standard of care in
these patients, it allows for detailed analysis of CT-derived
information on CAD and costs. Despite combining data from
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the two largest randomised diagnostic trials, the numbers of
observations and outcomes in the single categories are still
limited, which did not allow for performing more detailed
subanalysis, e.g. with respect to smaller age categories.
However, this represents the largest effort to date and serves
as a basis for more detailed and focused analysis to be pursued
in future trials. In addition, there was significant heterogeneity
between the two source trials with respect to patient risk
(Table 1) which may limit specific pooling validity.
However, by combining the trials, we achieved a more gener-
alizable patient population, also representing different SOC at
two large sites. Lastly, we did not stratify our analysis by
plaque composition, which was not assessed specifically in
the source trials. Further research will need to specifically
determine the role of plaque composition in the diagnostic
work-up of these patients.

Conclusions

This patient-level pooled analysis of the cardiac CTA arms of
two large randomised trials demonstrates that downstream
testing, resource utilisation and costs increase with age in both
men and women because of higher prevalence of positive
CTA findings. Hence, besides adequate preparation and scan-
ning, improved selection of patients is key to improving effi-
ciency of the management of patients presenting with suspi-
cion of ACS.
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