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Coronary artery disease

Table 1 Baseline characteristics of study patients

Trial Age, years, mean Female, % Hypertension, % Diabetes, % Hyperlipidaemia, % Smoking, %
ACRIN PA®® 50 54 51 14 27 33
BEACON'® 54 47 27* 13 24* 34
CATCH'™ 56 43 Iy) 1 38 64t
CT-COMPARE" 52 Zy) 31 7 25 23
CT-STAT® 50 54 37 7 34 22
Goldstein et al* 50 50 39 10 36 18
Nabi et a/™* 53 56 50 15 38 27
PERFECT" 60 54 69 29 48 46
PROSPECT'® 57 63 72 32 52 15
ROMICAT-II"? 54 47 54 17 46 50t

*Treated disease.
tCurrent or former smoker.

revascularisation. The definition of MI and MACE followed the
definition used by individual studies. Revascularisation included
percutaneous coronary intervention and coronary artery bypass
graft (CABG). The specifications of the different types of revas-
cularisation used by each study are included in online supple-
mentary table 1. In addition, repeat emergency room visit
and repeat hospitalisation data were obtained. The efficiency
end points included length of stay and the cost of acute care
(during the index emergency room visit or hospitalisation) as
measured by the original trials.* Two investigators (CB and
CQG) independently assessed the study quality using Cochrane
collaboration’s tool for assessing the bias in randomised trials
focusing on the following domains: sequence generation, allo-
cation concealment, blinding, outcomes assessment and selec-
tive reporting.’ No evidence of high-risk bias was found in the
included studies.

Statistical analysis

Pooled risk ratios (RR) and their 95% CIs were calculated for
all clinical outcomes using random-effects models. Heteroge-
neity was assessed using Higgins and Thompson’s I statistic. I?
is the proportion of total variation observed between the trials
attributable to differences between trials rather than sampling
error (chance) with I? values of <25%, 25%-75% and >75%
corresponding to low, moderate and high levels of heteroge-
neity, respectively.® Heterogeneity was further assessed using

Figure 1 Results of the literature search. Ten randomised clinical
trials (RCTs) were identified and included in the meta-analysis.

subgroup and sensitivity analyses. Meta-regression analyses
were performed to explore the association of mean age and the
rates of diabetes in the studies with MACE and revascularisation
outcome measures since these variables can most strongly influ-
ence the effect estimates. Publication bias was assessed visually
by funnel plot graphs. Descriptive statistics are presented as
means and SD for continuous variables and as percentages for
categorical variables. The analysis was performed using Review
Manager (RevMan) V.5.1.7 (Nordic Cochrane Center, The
Cochrane Collaboration, Copenhagen, Denmark) and Stata
V.11 (StataCorp, College Station, Texas, USA). A two-tailed
p<0.05 was considered to be statistically significant for all
analyses.

RESULTS

A total of 648 studies were identified through the electronic
and manual search. Of the 25 articles retrieved for full-text
review, 10 randomised clinical trials were included in the anal-
ysis (figure 1).* 77 The studies were published from 2007 to
2016. The trials were conducted in patients seen in the acute
care settings: emergency department or inpatient. At baseline,
the mean age ranged from 50 to 60 years and the percentage
of female patients ranged from 42% to 63% (table 1). In
addition to uniformly accepted exclusion criteria (pregnancy,
renal failure, allergy to iodine contrast and inability to obtain
informed consent), studies required non-ischaemic ECG and/
or negative cardiac biomarkers (see online supplementary
table 2). Eight studies excluded patients with known coronary
artery disease.* ' 1>/ Only two studies allowed patients with
known coronary artery disease,”” '! but one of these excluded
patients with prior CABG surgery.” "' Only three studies used the
Thrombolysis in Myocardial Infarction (TIMI) score inclusion
cut-off.®? 1213 The TIMI risk scores were low in the trial popu-
lations (table 2). Therefore, these studies assessed low-risk and
low-to-intermediate risk patients with a low expected adverse
cardiac event rates.

The trials used different definitions and implementation for
SOC but all used physiologic testing such as stress electrocar-
diography, stress echocardiography and myocardial perfusion
imaging (MPI) as the comparator (table 3). Nabi et al used stress-
only MPI if feasible as SOC comparator'* and BEACON trial
used high-sensitivity troponin as a part of SOC with follow-up
testing as needed.'® Follow-up period for the studies ranged
from 1 to 19 months (1-12 months for the emergency depart-
ment studies and 7-19 months for the inpatient studies).
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Table 2 Standardised risk assessment based on Thrombolysis in Myocardial Infarction risk score

Trial CCTA SocC p Value Cut-off for inclusion
ACRIN PA®° 0 (51%) 0 (51%) N/A <2
1 (36%) 1 (36%)
>2 (13%) =2 (13%)
BEACON'® Median 1 (0-2) Median 1 (0-2) 0.31 No
0 (30%) 0 (33%)
1 (34%) 1 (37%)
=2 (36%) =2 (30%)
CATCH’" 0 (49%) 0 (54%) 0.21 No
1 (27%) 1 (24%) 0.50
2 (13%) 2 (11%) 0.52
>3 (11%) >3 (10%) 0.79
CT-COMPARE™ N/A N/A N/A <4
CT-STAT" Mean 0.99+0.84 Mean 1.04+0.87 0.38 <4
Median 1.0 Median 1.0
Goldstein et al* Mean 1.24+0.8 Mean 1.33+0.8 0.30 No
Median 1.0 Median 1.0
Nabi et a/'* 0 (50.4%) 0 (54.8%) 0.67 No
1(32.3%) 1 (29%)
2 (14.6%) 2 (14.2%)
3(2.8%) 3(1.9%)
PERFECT" N/A N/A N/A No
PROSPECT'® Mean 1.3 (1.0) Mean 1.2 (1.0) N/A No
ROMICAT-II"? N/A N/A N/A No

CCTA, coronary CT angiography; N/A, not available; SOC, standard of care.

Comparing CCTA and SOC in patients with acute chest pain

Ten clinical trials with a total of 6285 patients were included.
There were no significant differences in all-cause mortality (RR
0.48, 95%CI 0.17 to 1.36, p=0.17) (figure 2), MI (RR 0.82,
95%CI 0.49 to 1.39, p=0.47) (see online supplementary figure
1) or MACE (RR 0.98, 95% CI 0.67 to 1.43, p=0.92) (figure 3)
between the groups. However, significantly higher rates of ICA
(RR 1.32, 95%CI 1.07 to 1.63, p=0.01) (figure 4) and revascu-
larisation (RR 1.77, 95%CI 1.35 to 2.31, p<0.0001) (figure 5)
were observed in the CCTA group. The number of mortality
events was very low and the mortality comparison should be
interpreted with caution. Heterogeneity was low for all-cause
mortality, MI and revascularisation and moderate for MACE
and ICA. The funnel plots for the assessment of publication
bias were fairly symmetric (see online supplementary figures
2-6). Meta-regression analyses showed no significant association
of the mean age in the studies with the MACE (p=0.18) (see

online supplementary figure 7) and revascularisation (p=0.696)
outcome measures comparing CCTA and SOC approaches (see
online supplementary figure 8). Similarly, no significant asso-
ciation was seen between the rates of diabetes in the studies
and the MACE (p=0.437) (see online supplementary figure 9)
and revascularisation (p=0.624) outcome measures (see online
supplementary figure 10).

Repeat visits and efficiency outcomes

Seven studies reported repeat emergency room visits and nine
reported repeat hospitalisations after the index evaluation for
chest pain (see online supplementary table 3). The rates of repeat
visits varied significantly among the studies due to differences
in the study populations and the length of follow-up, but none
of the studies demonstrated statistically significant differences
in these measures. On the contrary, significant differences were

Table 3 Characteristics of the included studies

Trial Year Follow-up, months  Total CCTA SoC Settings  SOC

ACRIN PA®® 2016 12 1368 907 461 ED Stress ECG 2%, stress imaging 56%
BEACON'® 2016 1 490 245 245 ED hs troponin 100%, stress ECG 53%, MPI 3%
CATCH"" 2015 19 576 285 291 IP Stress ECG 76%, MPI 22%
CT-COMPARE™ 2014 12 562 322 240 ED Stress ECG 100%

CT-STAT® 2011 6 699 361 338 ED MPI 100%

Goldstein et a/* 2007 6 197 99 98 ED MPI 100%

Nabi et af'* 2016 7 598 288 310 IP MPI 100%*

PERFECT" 2016 12 395 198 197 IP SE 88%, MPI 4%

PROSPECT'® 2015 12 400 200 200 IP MPI 95%

ROMICAT-II" 2012 1 1000 501 499 ED Stress ECG 29%, SE 20%, MPI 25%

CCTA, coronary CT angiography; ED, emergency department; IP, inpatient; hs troponin, high-sensitivity troponin; MPI, myocardial perfusion imaging; OP, outpatient; SE, stress

echocardiography; SOC, standard of care.
*Stress only MPI if feasible.
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CCTA soc Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ACRIN-PA 2016 2907 3 461 345% 0.34 [0.08, 2.02] — 1
BEACON 2016 1 245 0 245 108% 3.00[0.12,73.28]
CATCH 2015 0 285 1 291 10.8% 0.34[0.01,8.32]
CT-COMPARE 2014 23 322 1240 19.2% 1.49[0.14,16.34] e
CT-STAT 2011 0 361 0 338 Mot estimable
Goldstein 2007 0 93 o g8 Mot estimable
PERFECT 2016 0 198 o 197 Mot estimahble
PROSPECT 2015 1 200 B 200 248% 0.17[0.02,1.37] ——
ROMICAT-II 2012 0 sM 0 499 Not estimahble
Total (95% CI) 3118 2569 100.0% 0.48[0.17, 1.36] e
Total events 6 "

it 2 — - i - - O+ - } [l 1 1
Heterogeneity: Tau?= 0.00; Chi*= 3.28, df= 4 (P=0.51); F= 0% -0‘01 011 110 100‘

Test for overall effect: Z=1.36 (P=0.17)
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Figure 2 All-cause mortality with coronary CT angiography (CCTA) compared with other standard-of-care (SOC) approaches in patients with acute

chest pain. The size of central markers reflects the weight of each study.

seen in the efficiency measures such as length of stay (see online
supplementary table 4) and the cost of acute care (see online
supplementary table 5). Three studies showed a shorter length
of stay for the CCTA group'*'*'” and three studies did not show
a significant difference.'® ' '® Five studies demonstrated cost
savings for CCTA approach® 1 12'* and one reported no signif-
icant difference."”

Subgroup analysis

The subgroup analyses included patients evaluated in the emer-
gency department (n=6)*" 10121317 or admitted for inpatient
workup (n=4).” "' In the emergency department studies,
there were no significant differences in all-cause mortality (RR
0.76, 95%CI 0.21 to 2.80, p=0.68), MI (RR 0.90, 95%CI
0.53 to 1.55, p=0.71) and MACE (RR 1.16, 95%CI 0.79 to
1.71 p=0.44) between CCTA versus other SOC approaches.
The rates of ICA (RR 1.36, 95%CI 1.09 to 1.69, p=0.006)
and revascularisation (RR 1.64, 95% CI 1.20 to 2.26, p=0.002)
were significantly higher in the CCTA group (see online supple-
mentary table 6).

For inpatient settings, there were no significant differences
between the groups in all-cause mortality (RR 0.21, 95% CI 0.04
to 1.20, p=0.08), MI (RR 0.61, 95% CI 0.10 to 3.81, p=0.60),
MACE (RR 0.83, 95%CI 0.38 to 1.80, p=0.63) or ICA (RR
1.35, 95%CI 0.82 to 2.20, p=0.23). Higher rates of revascu-
larisation were observed in the CCTA group (RR, 2.04, 95% CI
1.10 to 3.76, p=0.02) compared with other SOC approaches
(see online supplementary table 7).

Sensitivity analysis

Fixed effects models showed results consistent with the main
analysis (see online supplementary table 8). After excluding
BEACON trial, which employed high-sensitivity troponin in
the study design, the differences remained not significant for
all-cause mortality (RR 0.38,95% CI 0.13 to 1.16, p=0.09), MI
(RR 0.70, 95%CI 0.33 to 1.47, p=0.35) and MACE (RR 0.92,
95%CI 0.58 to 1.48, p=0.74), but higher rates of ICA (RR 1.33,
95%CI 1.04 to 1.70, p=0.02) and revascularisation (RR 1.88,
95%CI 1.40 to 2.52, p<0.0001) were in the CCTA group (see
online supplementary table 9).

DISCUSSION

The comparative clinical effectiveness of cardiac tests has been
the focus of numerous studies recently due to both an increasing
number of cardiac imaging and escalating healthcare costs."
CCTA has been one of the most promising modalities extensively
studied in both observational studies and clinical trials.! Recent
guidelines by the National Institute of Health and Clinical Excel-
lence (NICE) recommend no routine non-invasive testing in the
initial assessment of acute cardiac chest pain with non-ischaemic
ECG and negative troponin but prioritise anatomic testing in
patients with suspected myocardial ischaemia, a recommenda-
tion that sparked considerable debate.'® * Based on the results
of the current study, the CCTA-based strategy does not result in
reduction in mortality and MACE for patients with acute chest
pain syndrome requiring evaluation in the emergency room or
admission for inpatient testing. While CCTA-based strategy may
improve the efficiency measures in the acute care settings, it

CCTAa SocC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ACRIN-PA 2016 12 807 5 461 10.2% 1.22[0.43, 3.44) R |
BEACON 2016 25 245 21 245 229% 1.19[0.69, 2.07] T e
CATCH 2015 5 285 14 291 107% 0.36[0.13, 1.00] TR TS
CT-COMPARE 2014 3 322 1 240 26% 2.24[0.23, 21.36) e
CT-STAT 2011 17 361 12 338 17.0% 1.33[0.64, 2.74) S Frea
Goldstein 2007 0 99 1] a8 Mot estimable
NABI 2016 13 288 9 310 141% 1.55 [0.67, 3.58) T e
PERFECT 2016 3 198 1 197 256% 2.98[0.31, 28.45] —
PROSPECT 2015 9 200 15 200 14.8% 0.60[0.27,1.34) e
ROMICAT-II 2012 2 501 6 499 50% 0.33[0.07, 1.64) S A,
Total (95% CI) 3406 2879 100.0% 0.98 [0.67, 1.43]
Total events 89 84

ity = g = = = CR= ! 4 4 i
Heterogeneity: Tau®= 0.08; Chi*=10.83, df=8 (P =0.21); F= 26% '0‘01 011 1\ 110 1UD'

Test for overall effect Z=0.09 (P=0.92)
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Figure 3  Major adverse cardiac events with coronary CT angiography (CCTA) compared with other standard-of-care (SOC) approaches in patients
with acute chest pain. The size of central markers reflects the weight of each study.
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CCTA soc Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ACRIN-PA 2016 24907 13 461 7.7% 0.94[0.48,1.83] ol
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Invasive coronary angiography with coronary CT angiography (CCTA) compared with other standard-of-care (SOC) approaches in patients

with acute chest pain. The size of central markers reflects the weight of each study.

leads to consistently higher rates of revascularisation procedures
in low-risk and low-to-intermediate risk patients.

CCTA has been shown to have a high sensitivity for detec-
tion of obstructive coronary artery disease, which is a poten-
tial advantage of CCTA-based strategy in patients presenting
with acute chest pain." Missed acute coronary syndrome has
been associated with worse outcomes. Also, CCTA has a higher
accuracy in detecting high-risk coronary artery disease while
the results of functional testing may not always reflect the full
extent of the anatomic severity of the disease.! 2 On the other
hand, the anatomic atherosclerosis severity may not correlate
with physiologic lesion characteristics.”” Anatomic detection of
‘incidental’ coronary artery disease without physiologic corrob-
oration may prompt revascularisation. An increased use of
ICA and revascularisation with CCTA-based strategy has been
demonstrated in this study similar to prior meta-analyses and
observational studies.?'™ Stress testing, especially using exer-
cise has the advantage of demonstrating the physiologic lesion
severity as well as correlating physiologic findings with patient
symptoms.' 2

The overall adverse cardiac event rates in the included trials
were low since the studies recruited low-risk and low-to-in-
termediate risk patients. Along with safety measures, many
trials focused on efficiency demonstrating a likely benefit of
CCTA-based strategy in terms of length of stay and the costs of
acute care. These measures should be interpreted with caution
due to a wide variation in the SOC approaches and the fact
that many of the low-risk patients may not require emer-
gency room or inpatient non-invasive testing and can be safely
discharged with outpatient follow-up.'® At the same time,
our study results indicate no significant difference between

CCTA-based strategy and other SOC approaches in all-cause
mortality, MACE and MI. While current study confirmed
prior observations, it includes a larger number of randomised
trials making the findings more robust.** Our findings contrast
with observations that CCTA-based strategy may result in a
significant reduction in MI in stable chest pain patients.??>* 2
Use of stress electrocardiography as a comparator arm in some
studies performed in outpatient settings may exaggerate the
benefits of CCTA-based strategy due to relatively inferior
performance of stress electrocardiography in ischaemia detec-
tion compared with stress imaging.?” Alternatively, detection
of anatomic coronary artery disease (regardless of individual
lesion severity) may prompt adjustment of medical regimen
such as aggressive lipid-lowering therapy and lifestyle modi-
fication that decrease the long-term risk of acute coronary
events.”® While this is a potentially important advantage of
anatomic imaging, further corroboration of this hypothesis is
needed in prospective trials."’

LIMITATIONS

Heterogeneity of SOC represents a major limitation for the
current study, despite sensitivity analysis. The results of our
study are only applicable to short-term clinical outcomes. Due
to a relatively small number of clinical trials we cannot exclude
publication bias. Some of the advantages of CCTA such as
detection of subclinical coronary artery disease are likely to be
more apparent with long-term follow-up.?® Only several of the
included trials prespecified the criteria for downstream testing
such as invasive angiography based on the findings on CCTA
and/or functional testing leaving the decision to the managing

CCTAa SocC Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
ACRIN-PA 2016 25 907 7461 9.6% 1.82[0.79,4.17] E
BEACON 2016 22 245 17 245 16.9% 1.290.70, 2.38] Iz 1z
CATCH 2015 29 285 12291 149% 2.471.28,4.74] T
CT-COMPARE 2014 14 322 3 240 45% 3.48[1.01,11.97]
CT-STAT 2011 14 361 8 338 91% 1.64 [0.70, 3.86) e
Goldstein 2007 6 99 1 98  1.6% 5.94 [0.73,48.43] =
NABI 2016 9 288 7 30 T71% 1.38[0.52, 3.67] TR (o PR
PERFECT 2016 15 198 2 197 3.3% 7T.46[1.73,32.20] v
PROSPECT 2015 15 200 12 200 121% 1.25[0.60, 2.60] ==
ROMICAT-II 2012 32 501 21 499 20.8% 1.52[0.89, 2.59] T
Total (95% CI) 3406 2879 100.0% 1.77 [1.35, 2.31] L
Total events 181 90
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Test for overall effect: Z=4.15 (P < 0.0001)

waer CCTA Lower SOC

Figure 5 Coronary revascularisation with coronary CT angiography (CCTA) compared with other standard-of-care (SOC) approaches in patients with
acute chest pain. The size of central markers reflects the weight of each study.
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physician. Moreover, it is unclear how the decision to proceed
with revascularisation was guided after the diagnostic angi-
ography was performed, since use of advanced invasive tech-
niques (such as fractional flow reserve and direct coronary
imaging) may significantly affect this decision. The issue of
radiation exposure pertinent to different testing strategies was
not addressed by this study. Also, we could not study the long-
term effect of diagnostic strategy on subsequent testing and
treatment as well as quality of life but the evidence in this
regard is relatively limited. CT-derived fractional flow reserve
analysis that can provide anatomic and physiologic informa-
tion with a single test may significantly influence the testing
strategies once further validated and implemented in routine
clinical practice.”’

CONCLUSIONS

Anatomic imaging using CCTA is not associated with reduction
in major adverse cardiac events in patients presenting to the
emergency room or admitted for chest pain evaluation. There is
consistent increase in revascularisation procedures with CCTA-
based strategy.

What is already known on this subject?

Coronary CT angiography (CCTA) has been a subject of
comparative effective research in patients evaluated for acute
chest pain. Randomised trials have been underpowered to detect
meaningful differences in cardiac events when comparing CCTA
with other standard-of-care (SOC) approaches.

What might this study add?

In this meta-analysis of 10 randomised clinical trials, there
were no significant differences in clinical outcomes between
CCTA-based strategy and other SOC. While efficiency measures
favoured CCTA, higher rates of revascularisation were observed
in the CCTA arm.

How might this impact on clinical practice?

The study adds to the current evidence regarding non-invasive
testing in evaluation of chest pain in the acute settings. Potential
higher efficiency with CCTA strategy should be balanced against
consistently higher revascularisation rates without significant
improvement in major adverse cardiac events.
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