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Coronary artery disease (CAD) is the primary cause of death worldwide. Nevertheless, while
mortality rates have decreased over the last decades in high-income countries, in many low- and
middle-income countries, the situation is just the opposite. Thus, the utilization of the more
rational approach to diagnose, risk-stratify, and guide cost-effective management in these
patients is of utmost importance in a setting of limited financial resources. Topics such as
function versus anatomy with the focus on prognosis in stable CAD patients, as well as future
perspectives on noninvasive techniques, will be addressed.
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Coronary artery disease (CAD) is the primary cause
of death worldwide.! Nevertheless, while mortality rates
have decreased over the last decades in high-income
countries (HICs), in many low- and middle-income
countries (LMICs), the situation is just the opposite.
Thus, the utilization of the more rational approach to
diagnose, risk-stratify, and guide cost-effective man-
agement in these patients is of utmost importance in a
setting of limited financial resources.

Although recent appropriate use criteria (AUC)
suggest that the use of diagnostic catheterization and
revascularization should generally be preceded by doc-
umentation of ischemia,3 in the real world, 15% of
nearly 300,000 elective diagnostic catheterizations in
subjects without prior CAD did not have a previous
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noninvasive test for ischemia,4 while only 44.5% of

those undergoing elective angioplasty had a prior stress
5

test.

FUNCTION VERSUS ANATOMY: FOCUS ON
PROGNOSIS

For the clinician, including the cardiologist, it is
sometimes a controversial decision what to prescribe as
a first test in a patient with suspected or known CAD: a
functional test to look for a stress-induced ischemia
(stress test; stress echocardiography; myocardial perfu-
sion SPECT and PET imaging, MPI; and stress cardiac
magnetic resonance, CMR), or an anatomical test to
detect the presence of obstructive or nonobstructive
CAD, such as coronary computed tomography angiog-
raphy (CCTA) or invasive coronary angiography (ICA).
This editorial will address both MPI and CCTA.

MPI is a well-established imaging technique in
Cardiology, with a proven prognostic value. Over the
past few years, CCTA has become an important tech-
nique in a Cardiology setting, with its very high negative
predictive values (NPV)® being the exclusion of CAD its
major strength. However, although the presence of
obstructive CAD as detected on coronary CCTA has
been associated with increased risk of mortality and
major adverse cardiac events (MACE) in several
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studies,7'9 the short-term follow-up, small sample size,
and single-center results are limitations to be taken into
account. Thus, CCTA prognostic value is still not well
established but hopefully the CONFIRM (Coronary CT
Angiography EvaluatioN For Clinical Outcomes: An
InteRnational Multicenter) registry may contribute to fill
this gap.'%"?

In this issue of the Journal of Nuclear Cardiology,
Karthikeyan et al'® studied 303 patients, one-third
women, from 6 centers in 6 LMICs. These mildly
symptomatic patients with an intermediate likelihood of
having CAD (based on the Diamond and Forrester
criteria), and asymptomatic patients at intermediate risk
of cardiac events by the ATP III criteria, underwent
either initial stress-rest MPI (151) or CCTA (152).

In Karthikeyan’s study, the primary outcome was
downstream noninvasive or invasive testing at 6 months,
while secondary outcomes included cumulative effective
radiation dose (ERD) and costs at 12 months. The
authors found that the initial MPI was abnormal in 29%
and CCTA in 56% of patients. Patients undergoing
stress MPI as the initial test were half as likely (adjusted
OR 0.51, 95% CI 0.28-0.91, p = .023) as those under-
going CCTA to have further downstream testing at
6 months. There was a small increase in the median
cumulative ERD with MPI (9.6 vs 8.8 mSv, p = .04)
but no difference in costs between the two strategies at
12 months. In their study, Karthikeyan et al''® concluded
that in the initial evaluation of patients with suspected
CAD, a strategy of functional testing with stress-rest
MPI compared to CCTA may result in less downstream
testing, but with a small increase in radiation exposure to
patients.

For patients with pre-test likelihood consistent with
high risk of CAD, the clinical management is clear. It is
precisely in those with low-to-intermediate and inter-
mediate risks, in whom a noninvasive test is reasonable
and indicated per guidelines,'* in whom the choosing of
the right first test is crucial. Thus, randomized trials
designed with this aim will contribute to fill this
important gap.

In spite of the relatively small size of the sample
and the short-term follow-up, and considering the
standardization and pre-specification of the downstream
test use with effect-estimates adjusted for physician
preference, the study of Karthikeyan et al,'* sponsored
by the International Atomic Energy Agency (IAEA),
reflects the real world situation in the LMICs scenario.
Note that this scenario included different countries with
different environments and health policies. Larger stud-
ies previously published, such as the Prospective
Multicenter Imaging Study for Evaluation of Chest Pain
(PROMISE) trial and the SCOT-HEART,'>'® were
conducted in more limited geographic areas and only
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reflect the situation in HICs with more financial
resources and availability of imaging techniques.

Nevertheless, several other aspects need to be taken
into account as well:

— First, Karthikeyan's study'® was not powered to

detect differences in clinical outcomes which could
potentially result from the differences in the rates of
downstream testing, while in the PROMISE trial,15
the primary endpoint was a composite of death,
myocardial infarction, hospitalization for unsta-
ble angina, or major procedural complication. The
PROMISE trial showed that after a median follow-up
of 25 months, there was no significant difference in
time to the primary composite endpoint in the CCTA-
based strategy as compared to functional testing, or
any of its components. Nevertheless, when compared
with the functional testing group, those patients in
PROMISE trial undergoing an initial CCTA were
50% more likely to undergo catheterization, and
almost twice as likely to undergo revascularization.
These additional procedures, however, did not show
any clinical benefit during the follow-up as measured
by the primary outcome measure (3.3% in the CCTA
group vs. 3.0% in the functional testing group).
Thus, CCTA resulted in more radiation (cautiously
assumed because functional testing with no radiation
exposure: exercise, ECG, and stress echocardiography
were also included to a lesser extent in these
calculations), more catheterizations, and more revas-
cularizations, without any improvement in clinical
outcomes. It can be considered that the results from
the PROMISE trial suggest that functional testing is
the best initial noninvasive test in symptomatic
patients with suspected CAD, congruent with the
results in the Karthikeyan’s study.
However, the CRESCENT trial'’ (another small, ran-
domized single-country study conducted in four Dutch
hospitals that included 350 patients with stable angina
followed during 1 year) showed that the cumulative
radiation dose was slightly higher in the CCTA group,
and the event-free survival was 96.7% for patients
randomized to CCTA and 89.8% for those randomized
to functional testing (p = .011). After CCTA, the final
diagnosis was established sooner (p < .0001), and
additional downstream testing was required less fre-
quently (25% vs. 53%, p < .0001), resulting in
significantly lower cumulative diagnostic costs.

— Second, SPECT testing in most asymptomatic
patients is considered rarely appropriate, according
to current AUC recommendations.'® The only
instance in which MPI is Appropriate in asymp-
tomatic patients is in those considered at high risk for
CAD.
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— Third, gender differences (if any) according to
functional or anatomical tests results were not
accounted for in the study of Karthikeyan et al.
Considering that women are frequently underrepre-
sented in clinical trials, this may be considered as a
continued line of research.

Hemal et al,'” analyzing the patients from PROMISE
trial, found that compared with men, all risk scores
characterized women as being at lower risk. They
were more often referred to imaging tests (adjusted
odds ratio: 1.21; 95% confidence interval: 1.01 to
1.44) than nonimaging tests, and were less likely to
have a positive test (9.7% vs. 15.1%; p < .001).
Although univariate predictors of test positivity were
similar, in multivariable models, age, body mass
index, and Framingham risk score were predictive of
a positive test in women, while Framingham and
Diamond and Forrester risk scores were predictive in
men.'? Thus, patient’s gender influences the diagnos-
tic pathway for possible CAD, from baseline risk
factors and presentation to noninvasive test outcomes,
as well as highlights the need for gender-specific
approaches for the evaluation of CAD.
Schulman-Marcus et al.'' analyzing gender-specific
associations among CONFIRM patients, concluded that
there is no significant observed interaction of gender
between MACE and increasing per-vessel extent of
obstructive CAD. Their results show that CCTA has
prognostic significance to predict MACE and nonfatal
myocardial infarction in both women and men.
According to Pagidipati et al,*° the prognostic value of a
noninvasive imaging test result varies according to test
type and patient gender. Women seem to derive more
prognostic information from a CCTA, while men tend to
derive similar prognostic value from both test types.
But beyond anatomic information, CCTA can also be
used to assess the significance of visualized plaques.
This aspect might be helpful in understanding the
increased adverse cardiac events risk associated with
nonobstructive CAD, which is more frequent in women.
Fourth, the impact of CCTA results on subsequent
medical therapy and risk factors®'™® has been
reported. Hulten et al*' in a study of 2839 patients
with mean follow-up of 3.6 years, found that aspirin
prescription increased from 17% to 72% for those
with < 50% stenosis, and from 25% to 89% for those
with >50% stenosis. The odds of physician intensi-
fication of lipid-lowering therapy significantly
increased for those with nonobstructive CAD (odds
ratio, 3.6; 95% confidence interval, 2.9-4.9;
p < 0.001) and obstructive CAD (odds ratio, 5.6;
95% confidence interval, 4.3-7.3; p < 0.001).
Among patients with nonobstructive but extensive
CAD, statin use after CCTA was associated with a
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reduction in cardiovascular death or myocardial
infarction (hazards ratio, 0.18; 95% confidence inter-
val, 0.05-0.66; p = 0.01).>' This may constitute
another interesting line of research, mainly in LMICs,
where prevention results are particularly important.
But it is not limited to CCTA; it has also been shown
that the identification of small to moderate ischemia
can lead to the intensification of aspirin and lipid-
lowering therapies as well as to a more aggressive
control of risk factors.

Fifth, although the majority of patients included in
PROMISE and SCOT-HEART cohorts'>'® were symp-
tomatic and had a high-risk factor burden, they had low
cardiovascular event rates, just 1% to 2% per year. This
can logically influence in the assessment of risk, because
it reflects the fact that the majority of patients had either
normal coronary arteries or mild CAD.

FUTURE PERSPECTIVES

Two aspects may be considered as future perspec-

tives with the use of CCTA in cardiac patients:

— An advantage of CCTA over ICA is the ability to

visualize the vessel wall, providing the potential to
identify high-risk features of coronary plaque,* with a
reported sensitivity of 93% and specificity of 92 % when
compared with intravascular ultrasound (IVUS).25
Recent developments in the calculation of fractional
flow reserve noninvasively (FFRct): The accuracy of
FFRcr has been compared adequately with invasive
FFR measurements.”® The high NPV of FFRct has
raised awareness for its potential to exclude ischemia
caused by intermediate grade lesions, potentially
avoiding unnecessary ICA.>’ Recently, the nonran-
domized Prospective LongitudinAl Trial of FFRcr:
Outcome and Resource Impacts (PLATFORM) study
investigated the clinical use of FFRct, showing that
CCTA with FFR¢t led to a marked reduction in the
number of ICA with no obstructive CAD,?® as well as
it was associated with less resource use and lower
costs within 90 days than evaluation with invasive
coronary angiography.?” Over 1 year, in patients with
stable chest pain and planned ICA, CCTA and
selective FFRct.guided management were associated
with equivalent clinical outcomes and lower costs.””
Nevertheless, as Hulten and DiCarli proposed,31
randomized trials comparing FFRcp, CCTA, and
stress testing are needed to further evaluate changes
in cost and outcomes with FFRct before including it
in the clinical practice.

Finally, the more or less widespread utilization of

technology relates to factors ranging from financial
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resources and political willingness to invest, to the level
of information on the value of a given technology to
help deliver cost-effective care.*

CONCLUSIONS

In understanding why a specific imaging test is
chosen to evaluate a symptomatic patient with suspected
CAD, we should remember that as Medicine is practiced
today is still a combination of art and science. What
clinicians prescribe will depend on their clinical
instincts as well as the most recent guidelines and
appropriateness criteria. These are certainly very impor-
tant, but the regional clinical picture and the medical
judgment cannot be overlooked.

Up to now, generally current studies have found no
clear differences between testing strategies with regard
to clinical or management outcomes that would allow
recommendation of one strategy over another for any
given pre-test risk group. However, some hints can be
given: in patients with low- and low-intermediate risks
for CAD with normal rest electrocardiogram and being
able to exercise, given the overall good prognosis as
well as low need for downstream testing, the stress test
represents a reasonable initial testing option.

For intermediate-risk patients, an anatomical
approach with a CCTA, due to its very high NPV, can
be a good option; while in those with intermediate-high
risk, a functional approach with stress imaging (either
MPI or stress echo) seems to be a best option. In this
sense, the study of Karthikeyan et al raises the topic in
the LMICs setting, where to date, the introduction of
CCTA has not affected significantly the utilization of
MPI, and being considered more often complimentary
than competitive.

In LMICs, where the best use of available financial
and technological resources is mandatory, it is necessary
to adequately combine guidelines and clinical criteria
before prescribing noninvasive testing to cardiac
patients.

Acknowledgment

1 am grateful to Ernest V. Garcia, PhD, for his
suggestions and review of the manuscript.

References

1. Cardiovascular diseases (CVDs). World Health Organization fact
sheet no. 317. Updated January 2015. http://www.who.int/media
centre/factsheets/fs317/en/. Accessed 29 Sept 2016.

2. Gaziano TA, Bitton A, Anand S, et al. Growing epidemic of
coronary heart disease in low- and middle-income countries. Curr
Probl Cardiol. 2010;35:72-115.

Peix 521

Functional versus anatomical approach in stable coronary artery disease patients

3. Patel MR, Dehmer GJ, Hirshfeld JW, et al. ACCF/SCAI/STS/
AATS/AHA/ASNC/HFSA/SCCT 2012 appropriate use criteria for
coronary revascularization focused update: a report of the Amer-
ican College of Cardiology Foundation Appropriate Use Criteria
Task Force, Society for Cardiovascular Angiography and Inter-
ventions, Society of Thoracic Surgeons, American Association for
Thoracic Surgery, American Heart Association, American Society
of Nuclear Cardiology, and the Society of Cardiovascular Com-
puted Tomography. J Am Coll Cardiol. 2012;59:857-81.

4. Patel MR, Peterson ED, Dai D, Brennan JM, Redberg RF,
Anderson HV, et al. Low diagnostic yield of elective coronary
angiography. N Engl J Med. 2010;362:886-95.

5. Lin GA, Dudley RA, Lucas FL, Malenka DJ, Vittinghoff E,
Redberg RF. Frequency of stress testing to document ischemia
prior to elective percutaneous coronary intervention. JAMA.
2008;300:1765-73.

6. Min JK, Shaw LJ, Berman DS. The present state of coronary
computed tomography angiography a process in evolution. J Am
Coll Cardiol. 2010;55:957-65.

7. Min JK, Shaw LJ, Devereux RB, Okin PM, Weinsaft JW, Russo
DJ, et al. Prognostic value of multidetector coronary computed
tomographic angiography for prediction of all-cause mortality. J
Am Coll Cardiol. 2007;50:1161-70.

8. Min JK, Dunning A, Lin FY, et al. Age- and sex-related differ-
ences in all-cause mortality risk based on coronary computed
tomography angiography findings. J Am Coll Cardiol.
2011;58:849-60.

9. Nakazato R, Arsanjani R, Achenbach S, Gransar H, Cheng VY,
Dunning A, et al. Age-related risk of major adverse cardiac event
risk and coronary artery disease extent and severity by coronary
CT angiography: results from 15,187 patients from the Interna-
tional Multisitt  CONFIRM study. Eur Heart J Cardiovasc
Imaging. 2014;15:586-94.

10. Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah MH,
Berman DS, et al. Rationale and design of the CONFIRM (COr-
onary CT Angiography EvaluatioN For Clinical Outcomes: An
InterRnational Multicenter) registry. J Cardiovasc Comput
Tomogr. 2011;5:84-92.

11. Schulman-Marcus J, Hartaigh B, Gransar H, Lin F, Valenti V, Cho
I, et al. Sex-specific associations between coronary artery plaque
extent and risk of major adverse cardiovascular events: the
CONFIRM long-term registry. J Am Coll Cardiol Img.
2016;9:364-72.

12. Cheng VY, Berman DS, Rozanski A, Dunning AM, Achenbach S,
Al-Mallah M, et al. Performance of the traditional age, sex, and
angina typicality-based approach for estimating pretest probability
of angiographically significant coronary artery disease in patients
undergoing coronary computed tomographic angiography: results
from the multinational coronary CT angiography evaluation for
clinical outcomes: an international multicenter registry (CON-
FIRM). Circulation. 2011;124:2423-32.

13. Karthikeyan G, Guzic Salobir B, Jug B, et al. Functional compared
to anatomical imaging in the initial evaluation of patients with
suspected coronary artery disease: An international, multi-center,
randomized controlled trial JAEA-SPECT/CTA study). J Nucl
Cardiol 2016 (in press).

14. Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Douglas
PS, et al. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAL/STS
guideline for the diagnosis and management of patients with
stable ischemic heart disease: a report of the American College of
Cardiology Foundation/American Heart Association task force on
practice guidelines, and the American College of Physicians,
American Association for Thoracic Surgery, Preventive Cardio-
vascular Nurses Association, Society for Cardiovascular


http://www.who.int/mediacentre/factsheets/fs317/en/
http://www.who.int/mediacentre/factsheets/fs317/en/

522

15.

16.

17.

18.

19.

20.

21.

22.

Peix

Functional versus anatomical approach in stable coronary artery disease patients

Angiography and Interventions, and Society of Thoracic Surgeons.
Circulation. 2012;126:e354-471.

Douglas PS, Hoffmann U, Patel MR, Mark DB, Al-Khalidi HR,
Cavanaugh B, et al. Outcomes of anatomical versus functional
testing for coronary artery disease. N Engl J Med. 2015;372:1291-
300.

The SCOT-HEART Investigators. CT coronary angiography in
patients with suspected angina due to coronary heart disease
(SCOT-HEART): an open-label, parallel-group, multicentre trial.
Lancet. 2015;385:2383-91.

Lubbers M, Dedic A, Coenen A, Galema T, Akkerhuis J, Bruning
T, et al. Calcium imaging and selective computed tomography
angiography in comparison to functional testing for suspected
coronary artery disease: the multicentre, randomized CRESCENT
trial. Eur Heart J. 2016;37:1232-43.

Hendel RC, Berman DS, Di Carli MF, Heidenreich PA, Henkin
RE, Pellikka PA, et al. ACCF/ASNC/ACR/AHA/ASE/SCCT/
SCMR/SNM 2009 Appropriate Use Criteria for Cardiac
Radionuclide ImagingA Report of the American College of Car-
diology Foundation Appropriate Use Criteria Task Force, the
American Society of Nuclear Cardiology, the American College of
Radiology, the American Heart Association, the American Society
of Echocardiography, the Society of Cardiovascular Computed
Tomography, the Society for Cardiovascular Magnetic Resonance,
and the Society of Nuclear Medicine Endorsed by the American
College of Emergency Physicians. J Am Coll Cardiol.
2009;53:2201-29.

Hemal K, Pagidipati NJ, Coles A, Dolor RJ, Mark DB, Pellikka P,
et al. Sex differences in demographics, risk factors, presentation,
and noninvasive testing in stable outpatients with suspected
coronary artery disease. J Am Coll Cardiol Img. 2016;9:337-46.

Pagidipati NJ, Hemal K, Coles A, Mark DB, Dolor RJ, Pellikka
PA, et al. Sex differences in functional and CT angiography testing
in patients with suspected coronary artery disease. ] Am Coll
Cardiol. 2016;67:2607-16.

Hulten E, Bittencourt MS, Singh A, O’Leary D, Christman MP,
Osmani W, et al. Coronary artery disease detected by coronary
computed tomographic angiography is associated with intensifi-
cation of preventive medical therapy and lower low-density
lipoprotein cholesterol. Circ Cardiovasc Imaging. 2014;7:629-38.
Chow BJ, Small G, Yam Y, et al., for the CONFIRM Investigators.
Prognostic and therapeutic implications of statin and aspirin
therapy in individuals with nonobstructive coronary artery disease:
results from the CONFIRM (coronary CT angiography evaluation

23.

24.

25.

26.

217.

28.

29.

31.

32.

Journal of Nuclear Cardiology®
March/April 2017

for clinical outcomes: an international multicenter registry) Reg-
istry. Arterioscler Thromb Vasc Biol 2015;35:981-9.

Williams MC, Hunter A, Shah AS, Assi V, Lewis S, Smith J, et al.
Use of coronary computed tomographic angiography to guide
management of patients with coronary disease. ] Am Coll Cardiol.
2016;67:1759-68.

Eckert J, Schmidt M, Magedanz A, Voigtlander T, Schmermund
A. Coronary CT angiography in managing atherosclerosis. Int J
Mol Sci. 2015;16:3740-56.

Fischer C, Hulten E, Belur P, Smith R, Voros S, Villines TC.
Coronary CT angiography versus intravascular ultrasound for
estimation of coronary stenosis and atherosclerotic plaque burden:
a meta-analysis. J Cardiovasc Comput Tomogr. 2013;7:256-66.
Norgaard BL, Leipsic J, Gaur S, Seneviratne S, Ko BS, Ito H, et al.
Diagnostic performance of noninvasive fractional flow reserve
derived from coronary computed tomography angiography in
suspected coronary artery disease: the NXT Trial (Analysis of
Coronary Blood Flow Using CT Angiography: Next Steps). J] Am
Coll Cardiol. 2014;63:1145-55.

Nakazato R, Park HB, Berman DS, Gransar H, Koo BK, Erglis A,
et al. Noninvasive fractional flow reserve derived from computed
tomography angiography for coronary lesions of intermediate
stenosis severity; results from the DeFACTO study. Circ Cardio-
vasc Imaging. 2013;6:881-9.

Douglas PS, Pontone G, Hlatky MA, Patel MR, Norgaard BL,
Byrne RA, et al. Clinical outcomes of fractional flow reserve by
computed tomographic angiography-guided diagnostic strategies
vs. usual care in patients with suspected coronary artery disease:
the prospective longitudinal trial of FFRCT: outcome and resource
impacts study. Eur Heart J. 2015;36:3359-67.

Hlatky MA, De Bruyne B, Pontone G, Patel MR, Norgaard BL,
Byme RA, et al. Quality-of-life and economic outcomes of
assessing fractional flow reserve with computed tomography
angiography: PLATFORM. J Am Coll Cardiol. 2015;66:2315-23.

. Douglas PS, De Bruyne B, Pontone G. 1-year outcomes of

FFRCT-guided care in patients with suspected coronary disease. J
Am Coll Cardiol. 2016;68:435-45.

Hulten E, DiCarli M. FFRCT: Solid PLATFORM or thin ice? J
Am Coll Cardiol. 2015;66:2324-8.

Vitola JV. Nuclear cardiology and CVD in the developing world:
Are we applying our scarce resources appropriately? Why is our
mortality rate so high? J Nucl Cardiol. 2016;. doi:10.1007/s12350-
016-0562-8.


http://dx.doi.org/10.1007/s12350-016-0562-8
http://dx.doi.org/10.1007/s12350-016-0562-8

	Functional versus anatomical approach in stable coronary artery disease patients: Perspective of low- and middle-income countries
	Abstract
	Function Versus Anatomy: Focus on Prognosis
	Future Perspectives
	Conclusions
	Acknowledgment
	References




