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Acute chest pain (ACP) is the second most common
reason for adult patients to visit the emergency de-
partment (ED) in the United States, accounting for
approximately 6.3% of all ED consultations (1). While
a small portion of these patients will have acute coro-
nary syndrome (ACS) as the underlying cause of their
ACP, the serious consequences of missed diagnoses and
nonspecific clinical manifestation pose a challenge to
ED services for triaging such patients (2,3). Therefore,
providers usually follow a cautious approach to ACP,
frequently including a combination of close clinical
observation, electrocardiography, serial cardiac bio-
markers, and stress testing, which has contributed to
the increasing use of health care resources (2). More
recently, the American College of Cardiology and the
American Heart Association jointly published the
guideline for the evaluation and diagnosis of ACP
to address heterogeneity of practice among health
care institutions (4). This guideline incorporates best

practices based on accumulated evidence, including
the role of emerging diagnostic tests such as coronary
CT angiography (CCTA).

CCTA is a noninvasive imaging method with high
accuracy for diagnosing obstructive coronary artery
disease (CAD). CCTA’s utility is driven by its high
sensitivity and negative predictive value (5). Previous
meta-analyses corroborate the safety of CCTA com-
pared with the standard of care (SOC) in the evaluation
of ACP (6-9) suggesting the potential for reductions
in use of health care resources as measured by length of
ED and hospital stays (LOS) and overall costs. How-
ever, recent randomized controlled trials (RCTs) failed
to reproduce those results (10-12). Reconciliation of
these conflicting data is imperative to consolidate the
strategic role of CCTA for assessing ACP (4).

Living systematic reviews (LSRs) are tools for in-
corporating novel evidence longitudinally, even after
the initial publication of a manuscript and especially
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Abbreviations

ACP = acute chest pain, ACS = acute coronary syndrome, CAD =
coronary artery disease, CCTA = coronary CT angiography, ED =
emergency department, ICA = invasive coronary angiography, LOS
= length of stay, LSR = living systematic review, MI = myocardial
infarction, RCT = randomized controlled trial, RR = risk ratio,
SOC = standard of care

Summary

The use of coronary CT angiography to evaluate individuals with
low-to-intermediate risk for acute chest pain was associated with
shorter length of emergency department and hospital stay and
reduced immediate costs.

Key Points

s Coronary CT angiography (CCTA) demonstrated effectiveness
as a safety strategy for evaluation of participants presenting with
acute chest pain, showing similar incidence of myocardial infarc-
tion (relative risk, 0.86; 95% CI: 0.66, 1.12), all-cause mortal-
ity (relative risk, 0.96; 95% CI: 0.59, 1.58), and cardiovascular
mortality (relative risk, 1.35; 95% CI: 0.59, 3.09), compared with
usual care, irrespective of pretest probability.

= The number of referrals for invasive coronary angiography after
CCTA was not statistically different from standard of care irre-
spective of pretest probability. However, there were more revascu-
larizations (relative risk, 1.45; 95% CI: 1.09, 1.93) and changes
in medication (relative risk, 1.33; 95% CI: 1.06, 1.67) in partici-
pants with low-to-intermediate risk of acute coronary syndrome
and increased radiation exposure (mean difference, 7.24 mSv; 95%
CI: 4.55, 9.94) in higher-risk participants in the CCTA arm.

= The use of CCTA in low- to intermediate-risk participants was
associated with a 17% reduction in length of stay and a 21% de-
crease in immediate costs.

Keywords

Acute Coronary Syndrome, Chest Pain, Emergency Department,
Coronary Computed Tomography, Usual Care

in fields where there is rapidly emerging evidence and when
pending uncertainties exist (13). Our goal is to perform
an LSR to evaluate the comparative effectiveness of CCTA
versus SOC in the evaluation of ACP. We specifically focus
on differences in resource utilization, clinical events, and
survival. This LSR will continually update the data as new
studies are published.

Materials and Methods

Literature Search and Study Selection

The Nested Knowledge living review platform (www.nested-
knowledge.com) was used to perform this LSR and meta-
analysis following the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines (14).
The electronic databases PubMed, Cochrane Library, Web
of Science, Embase, Scopus, Google Scholar, and Science-
Direct were systematically searched for RCTs comparing
CCTA and SOC. SOC procedures included but were not
limited to history taking, physical examination, electrocar-
diography, biomarkers, and stress testing in the evaluation
of adult participants with ACP. The last search for inclusion
of new studies was conducted on October 31, 2022. The

re for Evaluating Acute Chest Pain

querying terms and respective search logic can be found in
Appendix S1. Additionally, we searched the references of all
included studies to identify potentially missed articles by
the database searches.

After conducting the literature search, two independent
readers (M.EB. and A.C., cardiothoracic radiologists with
15 and 9 years of experience, respectively) screened the
studies for inclusion, reviewing the title, abstract, and when
necessary, the full text of the manuscript. Randomized trials
published in peer-reviewed journals evaluating the effects
of CCTA versus SOC on clinical outcomes and resource
utilization in adult participants with ACP were included.
Observational studies, abstracts, editorials, case series, and
case reports were excluded. No language restriction was en-
forced. All disagreements were adjudicated by a third inde-
pendent reader (FU.K., cardiothoracic radiologist with 10
years of experience). To ensure the living component of our
LSR, we plan to review the literature at least twice a year,
so we will actively seek and incorporate new evidence as it
becomes available.

Data Extraction and Effect Measures

All data were collected from the published manuscripts and
supplemental materials available online and inputted in
the extraction module of Nested Knowledge. One author
(M.EB., cardiothoracic radiologist with 15 years of experi-
ence) abstracted data related to participant characteristics,
including age, sex, race and ethnicity, body mass index, and
cardiovascular risk factors (hypertension, hyperlipidemia,
diabetes, smoking history, and family history of CAD),
as well as outcomes, including LOS, number of invasive
coronary angiographic (ICA) examinations performed, rate
of revascularization, myocardial infarction (MI), all-cause
mortality, cardiovascular mortality, time to diagnosis, fur-
ther stress testing, repeat visits or hospitalizations, rate of
hospitalization, heart failure, cardioembolic stroke, changes
in medication, radiation exposure, participant satisfaction,
and costs. Revascularization was defined as the sum of per-
cutaneous coronary intervention and coronary artery bypass
graft. Costs were converted to U.S. dollars using the market
quotation on the extraction day. In instances of overlapping
outcome data from the same population, we prioritized the
longer follow-up period when analyzing hard clinical events
such as MI and mortality. For all other data, we extracted in-
formation from the first published article. A second author
(A.C., cardiothoracic radiologist with 9 years of experience)
reviewed and validated all extracted data. Detailed results
of this study search, screening, and data extraction process
are hosted on the Nested Knowledge website (hztps://nested-
knowledge.com/nest/912) (Fig S1).

Study Risk of Bias and Certainty Assessment

Two authors (M.EB. and EU.K., cardiothoracic radiologists
with 15 and 10 years of experience, respectively) scored the
risk of bias for each study using the Cochrane Risk of Bias
2 (RoB 2) tool (15) and the certainty of the evidence us-

rctirsna.org = Radiology: Cardiothoracic Imaging Volume 5: Number 4—2023


http://radiology-cti.rsna.org
ttps://nested-knowledge.com/nest/912
ttps://nested-knowledge.com/nest/912
http://www.nested-knowledge.com
http://www.nested-knowledge.com

Barbosa et al

Figure 1:

ing the Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) system (16). Disagree-

ments were resolved by consensus.

Data Synthesis and Publication Bias

Pooled relative risks and corresponding 95% Cls were cal-
culated for binary clinical outcomes using random-effects
models. Difference in means or ratio of means and 95% Cls
were calculated for numerical continuous outcomes (LOS
and costs were calculated with ratio of means and the radia-
tion dose was calculated with difference in means), also using
random-effects models. To understand the effects of differ-
ent pretest probability on the pooled effects, we stratified the
studies into two groups. Group 1 contains RCTs including
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Preferred Reporting ltems for Systematic Review and Meta-Analysis (PRISMA) flowchart demonstrates the screening process for identification
of studies included. CCTA = coronary CT angiography, SOC = standard of care.

study samples with predominantly low-to-intermediate risk
for ACS, while group 2 is composed of RCTs including par-
ticipants with a higher risk for ACS. We chose a 10% preva-
lence of high-risk participants in the study sample accord-
ing to the definition of ACS risk chosen by each study as
the classification criterion to differentiate between groups 1
and 2. Our decision to use this particular cutoff point was
based on the discrepant outcomes observed in the Cardiac
CT in the Treatment of Acute Chest pain (CATCH) trial
(17) in comparison to the American College of Radiology
Imaging Network-Pennsylvania (ACRIN-PA) (18) and Mul-
ticenter Study to Rule Out Myocardial Infarction by Cardiac
Computed Tomography (ROMICAT-II) (19) trials. The
prevalence of high-risk participants in the CATCH trial was
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approximately 10% which was higher than the other trials
due to variations in eligibility criteria resulting in a greater
prevalence of CAD among participants. Additionally, we des-
ignated any RCT that exclusively included participants with
non-ST-segment elevation MI or elevated high-sensitive tro-
ponins as a high-risk cohort. Heterogeneity was assessed us-
ing Higgins and Thompson 7* statistic. /2 is the proportion of
total variation observed between the trials attributable to dif-
ferences between trials rather than sampling error (chance),
with 7 values of less than 25%, between 25% and 75%, and
greater than 75% corresponding to low, moderate, and high
levels of heterogeneity, respectively. To assess the presence of
publication bias, we employed a combination of visual in-
spection of funnel plots and conducted Egger tests for funnel
plot asymmetry. This analysis was conducted for outcomes
where a minimum of 10 studies were available. Finally, we
conducted a meta-regression analysis, stratifying studies by
patient risk category (group 1 vs group 2), type of SOC em-
ployed (ie, further testing at physician’s discretion vs routine
stress echocardiography or nuclear medicine stress perfusion),
and the routine use versus no use of high-sensitivity tropo-
nins as independent variables. All analyses were done with
R software (version 4.2.1; The R Foundation) with package
meta version 5.5-0 (20). A P value less than .05 indicated a
statistically significant difference.

Results

Study Selection and Characteristics

The results of the literature search are presented in Figure 1.
After the exclusion of duplicated study entries, a total of 616
studies remained for screening. During the screening process,
565 studies were excluded based on title and abstract review,
resulting in 51 articles for full-text review. Then, 29 stud-
ies were excluded because of lack of intervention or control
arm; duplicated reports of the same research; incorrect study
design (eg, not randomized); lack of relevant outcome; pub-
lication reporting only the study design; or because it was a
review, editorial, commentary, or abstract. Finally, 22 RCTs
(10-12,17-19,21-36) were included in the final analysis,
representing a total of 9379 participants, with 4956 partici-
pants assigned to the CCTA arms and 4423 participants as-
signed to the SOC arms. The follow-up length ranged from
28 days to more than 5 years among studies. The main char-
acteristics of the studies are summarized in Tables 1 and 2.
We found no evidence of a difference in the baseline patient
demographic characteristics between CCTA and SOC arms, as
listed in Table 3, although the prevalence of hyperlipidemia was
slightly higher in the SOC arm in two studies (31,34). The mean
age of all participants included was 55 years, with 5066 (54%)
male participants and 4313 (46%) female participants. Table 4
serves as a summary of the key findings for the main outcomes.

Length of Stay

The pooled data showed a reduction of 14% (95% CI: 5%,
22%) in LOS for the CCTA arm compared with SOC arm

hest Pain

(Fig 2). In group 1, considering the pooled data of 10 RCTs
with 5551 participants, the LOS was 17% (95% CI: 8%,
26%) shorter following CCTA. However, in group 2, there
was no evidence of a difference in the LOS between the two
arms (ratio of means, 0.97; 95% CI: 0.81, 1.15).

Referral for ICA

There was no evidence of a difference in the number of refer-
rals for ICA between CCTA and SOC approaches (Fig 3).
In group 1, considering 13 RCTs with 6650 participants,
the risk ratio (RR) of ICA for CCTA versus SOC was 1.20
(95% CI: 0.98, 1.48). In group 2, considering four RCTs
with 2729 participants, the RR of ICA for CCTA versus
SOC was 0.87 (95% CI: 0.67, 1.14).

Revascularization

There were more revascularizations after CCTA compared
with the SOC (Fig 4). The overall absolute increase of revas-
cularizations after CCTA was 38 per 1000 participants (95%
ClI: 8, 77). In group 1, including 12 RCTs with 6590 partici-
pants, the RR of revascularization for CCTA versus the SOC
was 1.45 (95% CI: 1.09, 1.93). In group 2, including three
RCTs with 2590 participants, the RR of revascularization for
CCTA versus the SOC was 1.25 (95% CI: 0.74, 2.11).

Myocardial Infarction

There was no evidence of a difference in the number of MIs
between CCTA and SOC arms (Fig 5). In group 1, includ-
ing nine RCTs with 5340 participants, the RR of MI for
CCTA versus the SOC was 0.90 (95% CI: 0.58, 1.38). In
group 2, including three RCTs with 2590 participants, the
RR of MI for CCTA versus the SOC was 0.82 (95% CI:
0.56, 1.21).

All-Cause Mortality

There was no evidence of a difference in all-cause mortality
when comparing CCTA and SOC arms (Fig 6). In group
1, pooling 12 RCTs with 6588 participants, the RR of all-
cause mortality for CCTA versus SOC was 0.83 (95% CI:
0.37, 1.88). In group 2, considering four RCTs with 2729
participants, the RR of all-cause mortality for CCTA versus
SOC was 1.06 (95% CI: 0.56, 2.00).

Cardiovascular Mortality

There was no evidence of a difference in cardiovascular mor-
tality between CCTA and SOC arms (Fig 7). In group 1,
nine RCTs with 5735 participants yielded a pooled RR for
cardiovascular mortality of 1.53 (95% CI: 0.06, 37.40),
while in group 2, four RCTs with 2729 participants yielded
an RR of 1.34 (95% CI: 0.57, 3.16) between CCTA and
SOC arms, respectively.

Radiation Exposure

Opverall, there was no evidence of a difference in radiation
exposure between CCTA and SOC arms. However, consid-
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Table 2: Pretest Probability of Acute Coronary Syndrome

Study

Group 1 (very low, low, and intermediate risk)

Risk Criteria

Goldstein et al, JACC 2007 (21)

Miller et al, Acad Emerg Med 2011 (23)
CT-STAT, Goldstein et al, JACC 2011 (24)

ACRIN-PA, Litt et al, NEJM 2012 (18)

ROMICAT-II, Hoffmann et al, NEJM 2012 (19)
CT-COMPARE, Hamilton-Craig et al, Int J Cardiol
2014 (25)

PROSPECT, Levsky et al, Ann Int Med 2015 (27)

BEACON, Dedic et al, JACC 2016 (28)

Nabi et al, ] Nucl Med 2016 (29)

ACRIN-PA, Hollander et al, Ann Emerg Med 2016
(30)

PERFECT, Uretsky et al, ] Nucl Cardiol 2017 (31)
ACRIN-PA, Chang et al, Circulation 2017 (32)
Levsky et al, JACC 2018 (33)

PROSPECT, Goldman et al, ] Nucl Cardiol 2020
(35)

Pifieiro-Portela et al, Rev Esp Cardiol 2021 (36)
PROTECCT, Aziz et al, Heart 2022 (11)

Goldman Riley criteria: CCTA arm, 98 (100%) very low; SOC arm, 97 (99.0%)
very low and 1 (1.0%) low risk

Mean TIMI risk score: CCTA arm, 1.24 (SD 0.8); SOC arm, 1.33 (SD 0.8)

Clinical score based on initial history, physical examination, ECG, and BM

Included only low- to intermediate-risk patients

Low risk

Mean TIMI risk score: CCTA arm, 0.99 (SD, 0.84); SOC arm, 1.04 (SD, 0.87)

Low-to-intermediate risk

TIMI risk score: CCTA arm, 51% for 0, 36% for 1, 13% for >2; SOC arm,
51% for 0, 36% for 1, 13% for >2

Intermediate risk (ECG, normal; troponin, <99th percentile)

Low-to-intermediate risk (initial ECG without evidence of acute ischemia; TIMI
risk score <4; a negative first serum sensitive troponin-I [99th percentile])

Intermediate risk

TIMI risk score: CCTA arm, 1.3 (SD, 1.0); SOC arm, 1.2 (SD, 1.0)

Low-to-high risk

GRACE risk score: CCTA arm, 3% high, 12% intermediate, and 84% low
probability; SOC arm, 1% high, 16% intermediate, and 83% low probability

Low-to-high risk

Framingham risk score: CCTA arm, 4% high, 19% intermediate, and 76% low
probability; SOC arm, 4% high, 18% intermediate, and 77% low probability

Same population as ACRIN-PA, Litt et al (18)

Low risk (cardiac troponin, normal; ECG, nondiagnostic for ACS)
Same population as ACRIN-PA, Litt et al (18)

Low risk

Mean TIMI risk score: CCTA arm, 1; SOC arm, 1

Same population as PROSPECT, Levsky et al (27)

Low-to-intermediate risk (ECG, nondiagnostic; troponins, normal)
Intermediate risk (high-sensitivity cardiac troponin concentration between 5 and

50 ng/L at initial blood draw)

Group 2 (high risk)

Chang et al, Am Heart ] 2008 (22)
CATCH, Linde et al, Int J Cardiol 2013 (17)

CATCH, Linde et al, JACC 2015 (26)
CARMENTA, Smulders et al, JACC 2019 (34)

Clinical score based on initial history, physical examination, and ECG: 21%
high, 42% intermediate, and 37% low probability

Clinical score based on initial history, physical examination, ECG, and BM:
10% high, 69% intermediate, and 21% low probability for both arms

Same population as CATCH, Linde et al (17)

NSTEMI (ECG, normal or inconclusive; elevated high-sensitivity troponin
levels)

Mean GRACE score: CCTA arm, 114; SOC arm, 116

(Table 2 continues)

ering only group 2, the use of CCTA was associated with an
increase in mean effective dose of 7.24 mSv (95% CI: 4.55,
9.94) when compared with SOC (Fig 8).

Costs

The pooled data showed a reduction of 17% (95% CI: 5%,
28%) in costs when using CCTA compared with SOC (Fig
9). In group 1, considering the pooled data of nine RCTs
with 4069 participants, the costs associated with CCTA were

Radiology: Cardiothoracic Imaging Volume 5: Number 4—2023 = rcfi.rsna.org

21% lower (95% CI: 10%, 30%) in relation to SOC. For
group 2, we identified only one RCT reporting costs in 1748
participants. In this study, the CCTA arm was associated with
8% higher (95% CI: 7%, 9%) costs compared with SOC.

Rate of Hospitalization, Further Stress Testing, and
Readmissions

There was no evidence of a difference in rate of hospitaliza-
tion, further stress testing, and ED or hospital readmissions
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Table 2 (continued): Pretest Probability of Acute Coronary Syndrome

Study

Risk Criteria

RAPID-CTCA, Gray et al, BMJ 2021 (10)

ity
RAPID-CTCA, Gray et al, Health Technol Assess
2022 (12)

Low-to-high risk
GRACE risk score: CCTA arm, 25% high, 31% intermediate, and 44% low
probability; SOC arm: 22% high, 34% intermediate, and 44% low probabil-

Same population as Gray et al (10)

Note.—Group 1 had the criteria of containing less than 10% of high-risk participants and group 2 had the criteria of containing greater
than or equal to 10% of high-risk participants. ACRIN-PA = American College of Radiology Imaging Network-Pennsylvania, BEACON
= Better Evaluation of Acute Chest Pain with Computed Tomography Angiography, BM = biomarkers, CARMENTA = The Role of Initial
Cardiovascular Magnetic Resonance Imaging and Computed Tomography Angiography in Non-ST-elevation Myocardial Infarction Pa-
tients, CATCH = Cardiac CT in the Treatment of Acute Chest pain, CCTA = coronary CT angiography, CT-COMPARE = The CT Coro-
nary Angiography Compared with Exercise ECG, CT-STAT = Coronary Computed Tomographic Angiography for Systematic Triage of
Acute Chest Pain Patients to Treatment, ECG = electrocardiography, GRACE = The Global Registry of Acute Coronary Events, NSTEMI
= non-ST-elevation myocardial infarction, PERFECT = The Prospective First Evaluation in Chest Pain Trial, PROSPECT = Prospective
Randomized Outcome Trial Comparing Radionuclide Stress Myocardial Perfusion Imaging and ECG-gated Coronary CT Angiography,
PROTECCT = The Prospective Randomized Trial of Emergency Cardiac Computerised Tomography, RAPID-CTCA = Rapid Assessment
of Potential Ischemic Heart Disease-Computerised Tomography Coronary Angiography, ROMICAT II = Multicenter Study to Rule Out
Myocardial Infarction by Cardiac Computed Tomography, SOC = standard of care, TIMI = Thrombolysis in Myocardial Infarction.

between CCTA and SOC approaches (Figs S2, S3, and S4,

respectively).

Changes in Medications

The analysis showed that overall, there were more instances of
medication changes following CCTA compared with SOC (Fig
S5). In group 1, consisting of five RCTs and a total of 2358 par-
ticipants, the RR of medication change for CCTA versus SOC
was 1.33 (95% CI: 1.06, 1.67). In group 2, with only one RCT
including 1748 participants, the RR of medication change for
CCTA versus SOC was 1.02 (95% CI: 0.95, 1.10).

Incidental Findings

One study, a subanalysis of the Prospective Randomized
Outcome Trial Comparing Radionuclide Stress Myocardial
Perfusion Imaging and ECG-gated Coronary CT Angiogra-
phy (PROSPECT) trial, reported more incidental findings
in the CCTA arm compared with SOC arm (35). The au-
thors reported 386 incidental findings in 187 participants
who underwent CCTA. The most frequently occurring in-
cidental findings at CCTA included pulmonary findings
(118, 63%), noncoronary cardiac findings (69, 37%), gas-
trointestinal findings (49, 26%), hepatobiliary findings (42,
22%), and renal findings (17, 9%). No extracardiac inci-
dental findings were noted at SPECT myocardial perfusion
imaging studies. Also, there was a significantly higher fre-
quency of incidental noncoronary inpatient medical work-
ups in participants randomized to the CCTA arm compared
with the SPECT myocardial perfusion imaging arm (20%
vs 12%, P = .04).

Meta-Regression

Our meta-regression analyses revealed three significant cor-
relations, as shown in Table S1. When physicians had the
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discretion to determine the need for further stress testing, we
observed a reduction in the rate of hospitalization and sub-
sequent stress testing in the CCTA arm compared with the
SOC arm (Figs S6 and S7, respectively). Also, we found that
there were more medication changes in the CCTA arm com-
pared with the SOC arm, particularly when SOC included

stress echocardiography or nuclear medicine (Fig S8).

Risk of Bias and Certainty of the Evidence

For the main desired outcomes, no study was judged as
being at high risk of bias, as assessed by the RoB 2 tool,
considering the following five domains: (z) randomization
process, (b) deviations from the intended interventions, (c)
missing outcome data, (4) measurement of the outcome,
and (¢) selection of the reported result (hreps:/inested-knowl-
edge.com/nest/rob/912). Upon conducting a visual inspec-
tion of the funnel plots (refer to Figs S9-S12), we noticed
asymmetry for certain outcomes such as LOS, ICA, costs,
and radiation exposure. Also, the Egger test was statistically
significant for ICA (P = .04), revascularization (P = .005),
and LOS (P = .04). While this could suggest the possibility
of publication bias, it is important to note that it may also
be a result of true heterogeneity among the included studies
(37). Also, the certainty of the evidence was rated as high by
the GRADE system for all outcomes (Table S2).

Discussion
This LSR and meta-analysis reassures health care decision
makers that CCTA is a safe strategy to rule out ACS in adult
patients presenting with ACP as pooled evidence shows sim-
ilar incidence of MI (RR, 0.86; 95% CI: 0.66, 1.12) and
mortality (RR, 0.96; 95% CI: 0.59, 1.58) between CCTA
and SOC arms. Moreover, the use of CCTA is associated
with reduced LOS (17%; 95% CI: 8%, 26%) and short-

rctirsna.org = Radiology: Cardiothoracic Imaging Volume 5: Number 4—2023
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term costs (21%; 95% CI: 10%, 30%) in low- to interme-
diate-risk cohorts but not in high-risk patients which sup-
ports the recommendation of current chest pain guidelines
(4,38). However, it is worth noting that this LSR did not
evaluate the cost of downstream investigations for inciden-
tal findings due to the absence of comprehensive trial data.

The ROMICAT-II (19) and ACRIN-PA (18) studies
were the major contributors to the observed reduction in
LOS in participants presenting with ACP. These studies
enrolled participants in the ED with scanners and CCTA
reports readily available which may have contributed to re-
duced LOS. However, the studies were performed before
the era of high-sensitive troponins, and studies incorporat-
ing this new tool showed shorter LOS in SOC arms and
no difference compared with CCTA arms (11,28). Also,
this reduction in LOS seems to be more important in the
subgroup of participants with normal coronaries or non-
obstructive CAD, since they can be securely discharged at
a faster pace compared with those undergoing SOC. On
the other hand, participants with obstructive CAD did not
experience a different LOS compared with SOC arms given
the necessity of additional testing to confirm ACS. Thus, it
is expected that studies with individuals bearing higher pre-
test probability for ACS will diminish the effects of CCTA
in decreasing LOS. This is supported by our findings which
revealed no evidence of a difference in LOS between CCTA
and SOC arms in studies containing greater than or equal to
10% of high-risk participants. Of note, one of the studies in
this group (12) randomized participants during their origi-
nal visit at the ED, hospital, or cardiology unit but allowed
CCTA to be performed either during that visit or after dis-
charge within 72 hours of randomization. This study re-
vealed a 10% increase in the LOS for the CCTA arm (95%
CI: 0%, 21%). These contrasting results underscore the im-
portance of appropriate patient selection and the necessity
to increase availability and timeliness of CCTA.

Our analysis confirms that using a CCTA-based strategy
for triaging patients with ACS can reduce short-term costs.
This is likely due to several factors including a decrease in
LOS for participants with low-to-intermediate risk as well
as fewer hospitalizations and less additional stress testing
compared with the SOC group when the attending physi-
cians have discretion in ordering further tests. It is note-
worthy that the CCTA arm exhibited a slight rise in the
number of revascularizations and medication adjustments,
especially among participants in the low-to-intermediate
risk group and when the SOC mandated stress echocardiog-
raphy or nuclear medicine studies. A plausible explanation
of this finding could be the capabilities of CCTA to provide
enhanced anatomic visualization of the coronary tree, re-
sulting in better selection of patients requiring revascular-
ization or initiation of preventive medical therapy. Indeed,
a subanalysis study of ACRIN-PA (32) demonstrated that
in general, participants without stenosis undergoing CCTA
versus SOC were less likely to be prescribed medications,
whereas those with stenosis had a higher likelihood of start-
ing medications. In the scenario of stable chest pain, the use
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Table 3 (continued): Baseline Demographic Characteristics of Patients by Study
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Table 4: Comparison of Coronary CT Angiography and Standard of Care for Evaluation of Acute Chest Pain
Absolute Effects
No. of Participants Certainty of the Evi- Risk with SOC  Risk Difference with CCTA
Outcome (Studies) dence (GRADE) Relative Effect Arm Arm
Length of stay (h) 7704 ra—— Mean: CCTAarm NA NA
(13 RCTs) High 14% lower than
SOC arm (95%
CI: 5%, 22%
lower)
Cost (U.S. dollar) 5817 FRF Mean: CCTA arm  NA NA
(10 RCTs) High 17% lower than
SOC arm (95%
CI: 5%, 28%
lower)
Referral for invasive coro- 9379 et RR: 1.08 212 per 1000 17 more per 1000
nary angiography () (17 RCTs) High (95% CI: 0.89, (23 fewer to 64 more)
1.30)
Revascularization (7) 9180 HE RR: 1.37 104 per 1000 38 more per 1000
(15 RCTs) High (95% CI: 1.08, (8 to 77 more)
1.74)
Myocardial infarction () 7930 et RR: 0.86 31 per 1000 4 fewer per 1000
(12 RCTs) High (95% CI: 0.66, (11 fewer to 4 more)
1.12)
All-cause mortality () 9317 4 RR: 0.96 8 per 1000 0 fewer per 1000
(16 RCTs) High (95% CI: 0.59, (3 fewer to 4 more)
1.58)
Cardiovascular mortality ~ 8464 tHtt RR: 1.35 2 per 1000 1 more per 1000
(n) (13 RCTs) High (95% CI: 0.59, (1 fewer to 5 more)
3.09)
Note.—The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI). GRADE Working Group grades of evidence include the following: (2) high certainty, in which we
are very confident that the true effect lies close to that of the estimate of the effect; (4) moderate certainty, in which we are moderately con-
fident in the effect estimate (the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially
different); (¢) low certainty, in which our confidence in the effect estimate is limited (the true effect may be substantially different from the
estimate of the effect); and (@) very low certainty, in which we have very little confidence in the effect estimate (the true effect is likely to
be substantially different from the estimate of effect). CCTA = coronary CT angiography, GRADE = grading of recommendations assess-
ment, development, and evaluation, NA = not applicable, RCT = randomized controlled trial, RR = risk ratio, SOC = standard of care.

of CCTA has been associated with increased use of both pre-
ventive therapies and coronary revascularization, probably
due to the better characterization of CAD (39). Also, these
changes in medication were associated with reduced rates of
subsequent death from coronary heart disease or nonfatal
MI (40). CCTA may also overestimate the degree of steno-
sis, especially in patients with heavy coronary calcification
(41), which in turn could result in unnecessary downstream
procedures. The available information can neither confirm
nor refute these hypotheses, nor does it provide insight on
whether additional revascularizations were associated with
better clinical outcomes.

The results of this LSR suggest that hard clinical out-
comes such as MI and mortality are not affected by the
choice of ACP evaluation strategy. Newer CT techniques
such as CT stress perfusion or CT fractional flow reserve,
which can be performed concurrently with CCTA, may im-
prove the specificity and positive predictive value, allowing

Radiology: Cardiothoracic Imaging Volume 5: Number 4—2023 = rcfi.rsna.org

for better identification of lesions with functional signifi-
cance (42). This strategy could also further contribute to
the reduction of ICA examinations and unnecessary revas-
cularizations by identifying the hemodynamic significance
of incidental coronary stenosis, further decreasing overall
resource utilization and health care costs.

Our data about incidental findings with CCTA are lim-
ited to one study (35) which showed increased incidental
findings contributing to increased in-hospital workup com-
pared with SOC. Such increases could ultimately lead to
longer LOSs (43). However, most incidental findings are
non-life-threatening or unimportant and few cases require
additional follow-up, being manageable during the regular
outpatient workup (44).

One of the major concerns with CCTA is the radiation
exposure it involves. In our study, we found that partici-
pants at high risk for ACS were exposed to increased ra-
diation, possibly due to the higher prevalence of CAD.
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CCTA soc
Study Total Mean  SD Total Mean SD Ratio of Means ROM 95%—-Cl Weight
Risk for ACS=Group 1
Goldstein et al. (2007) . . . : 5 : : 0.0%
Miller et al. (2011) 30 72.00 7440 30 99.90 9360 ——=——+— 072 [0.44;1.19] 2.9%
Goldstein et al. (2011) . . . : . : : 0.0%
Hoffmann et al. (2012) 501 23.20 37.00 499 30.80 28.00 —=-= 0.75 [0.64; 0.88] 8.7%
Litt et al. (2012) 908 18.00 14.50 462 2480 840 = 0.73 [0.68; 0.77] 11.0%
Hamilton-Craig et al. (2014) 322 13.50 3.30 240 1970 3.50 : 0.69 [0.66; 0.71] 11.3%
Levsky et al. (2015) 200 28.90 27.70 200 30.40 20.20 —'—-I— 0.95 [0.81;1.12) 87%
Dedic et al. (2016) 250 630 4.60 250 6.30 1550 —_— 1.00 [0.73;1.37] 5.2%
Nabi et al. (2016) 288 19.70 27.80 310 23.50 34.40 —8 0.84 [0.67;1.08] 7.0%
Hollander et al. (2016) . . . . . . 0.0%
Uretsky et al. (2017) 206 48.00 40.00 205 49.00 48.00 e 0.98 [0.82; 1.17] 8.4%
Chang et al. (2017) . . . . : : 0.0%
Levsky et al. (2018) 201 580 . 199 490 ' 1.18 0.0%
Goldman et al. (2020) 0.0%
Pineiro—Portela et al. (2021) . . . : ; : : 0.0%
Azizetal. (2022) 125 753 270 125 814 260 = 0.93 [0.85;1.01] 10.6%
Random effects model 3031 2520 <> 0.83 [0.74;0.92] 73.7%
Risk for ACS = Group 2
Chang et al. (2008) 133 460 290 133 480 330 = 096 [0.82;1.12) 88%
Linde et al. (2013) . . . . . . : 0.0%
Linde et al. (2015) . . . : : : H 0.0%
Smulders et al. (2019) 70 96.00 72.00 69 120.00 72.00 — 0.80 [0.64;1.00] 7.1%
Gray et al. (2021) 877 52.80 52.80 871 48.00 48.00 CR 1.10 [1.00; 1.21] 10.4%
Gray et al. (2022) . . : : 0.0%
Random effects model 1080 1073 —~ 0.97 [0.81;1.15] 26.3%
Random effects model 4111 3593 <> 0.86 [0.78; 0.95] 100.0%
Heterogeneity: /2 = 92%, ©° = 0.0216, p <0.01 I |
Test for subgroup differences: 7% =2.29, df = 1 (p =0.13) 0.5 1 2

Figure 2:

Comparison of the length of stay between coronary CT angiography (CCTA| and standard of care (SOC) arms. Forest plot

shows the ratio of means (ROM) for length of stay (in hours) for CCTA compared with SOC arms in participants with acute chest pain, sfrati-
fied by group (group 1 =low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The overall ratio
of means was 0.86 (95% CI: 0.78, 0.95). The size of central markers reflects the weight of each study. While all studies are listed, some of

them have not studied all outcomes, which explains the missing values.

This often leads to additional tests using nuclear medicine
stress perfusion, which further exposes patients to radiation.
Moreover, although we did not have enough data to run a
meta-regression for this outcome, it is worth noting that the
type of stress test used in SOC plays a crucial role in radia-
tion exposure, as exercise bicycle and treadmill tests or stress
echocardiography do not expose patients to radiation, while
nuclear medicine tests do. Fortunately, emerging technolo-
gies are making substantial contributions to reducing the
radiation dose at CCTA examinations. For instance, artifi-
cial intelligence iterative reconstruction has the potential to
further reduce radiation exposure, while CT fractional flow
reserve could increase its specificity, thereby avoiding the
need for additional stress testing (42).

Our study had limitations. Although we pooled estimates
for LOS and costs, it is important to note that there was a
high level of heterogeneity in the metrics used for these mea-
sures across the studies. This variability limits the generaliz-
ability of the pooled estimates. Consequently, we urge cau-
tion in interpreting these results and recommend considering
the specific context and metrics of each study when evaluat-
ing LOS and costs. Additional studies investigating the effects
of coronary artery calcium score or CT fractional flow reserve
for triaging patients with ACP were not included, as this
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would require a different search query to identify all related
studies; therefore, this should be investigated with a separate
meta-analysis. However, these measures might affect multiple
outcome parameters, including but not limited to the LOS,
costs, rate of further testing, and rate of revascularization.

In conclusion, our results support the current guidelines’
recommendations for the use of CCTA as a safe, rapid, and
less expensive in the short term strategy to exclude ACS in
low- to intermediate-risk patients presenting with ACP.
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Figure 3: Comparison of the rate of invasive coronary angiography between coronary CT angiography (CCTA) and standard of care

(SOC) arms. Forest plot shows the risk ratio (RR) of infensive coronary angiography for CCTA arms compared with SOC arms in parficipants
with acute chest pain, stratified by group (group 1 = low-fo-infermediate risk for acute coronary syndrome [ACS] and group 2 = high risk
for ACS). The overall RR was 1.08 (95% Cl: 0.89, 1.30). The size of central markers reflects the weight of each study. While all studies are

listed, some of them have not studied all outcomes, which explains the missing values.
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Comparison of the rate of revascularization between coronary CT angiography (CCTA) and standard of care (SOC) arms.

Forest plot shows the risk ratio (RR) of revascularization for CCTA arms compared with SOC arms in participants with acute chest pain, strafi-
fied by group (group 1 =low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The overall RR was
1.37 (95% Cl: 1.08, 1.74). The size of central markers reflects the weight of each study. While dll studies are listed, some of them have not

studied all outcomes, which explains the missing values.
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Figure 6: Compoarison of all-cause mortality between coronary CT angiography (CCTA| and standard of care (SOC) arms. Forest plot
shows the risk ratio (RR) of all-cause mortality for CCTA arms compared with SOC arms in participants with acute chest pain, stratified by
group (group 1 = low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The overall RR was 0.96
(95% CI: 0.59, 1.58). The size of central markers reflects the weight of each study. While all studies are listed, some of them have not studied
all outcomes, which explains the missing values.
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Figure 7:  Comparison of cardiovascular mortality between coronary CT angiography (CCTA) and standard of care (SOC| arms. For-
est plot shows the risk rafio (RR) of cardiovascular mortality for CCTA arms compared with SOC arms in parficipants with acute chest pain,
stratified by group (group 1 = low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The overall RR
was 1.35 (95% CI: 0.59, 3.09). The size of central markers reflects the weight of each study. While all studies are listed, some of them have
not studied all outcomes, which explains the missing values.
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Figure 8: Comparison of radiation dose between coronary CT angiography (CCTA) and standard of care (SOC| arms. Forest plot
shows the mean difference (MD) of radiation dose in millisieverts for CCTA arms compared with SOC arms in parficipants with acute chest
pain, stratified by group (group 1 = low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The over-
all MD was 3.56 (95% ClI: -0.19, 7.31). The size of central markers reflects the weight of each study. While all studies are listed, some of
them have not studied all outcomes, which explains the missing values.
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Miller et al. (2011) 30 10134.00 1423900 30 16579.00 1914800 ——=———1 061 [0.32,1.17] 33%
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Hollander et al. (2016) . . . . . . : 0.0%
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Chang et al. (2017) . . . . . : : 0.0%
Levsky et al. (2018) . . . . . . : 0.0%
Goldman et al. (2020) . . . . . . : 0.0%
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Figure 9:  Comparison of costs between coronary CT angiography (CCTA) and standard of care (SOC) arms. Forest plot shows the
ratio of means (ROM) for costs (U.S. dollars) for CCTA arms compared with SOC arms in participants with acute chest pain, stratified by
group (group 1 = low-to-intermediate risk for acute coronary syndrome [ACS] and group 2 = high risk for ACS). The overall ROM was 0.83
(95% ClI: 0.72, 0.95). The size of central markers reflects the weight of each study. While all studies are listed, some of them have not studied
all outcomes, which explains the missing values.
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