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Abstract

Purpose of review This review is aimed at summarizing the recently published ISCHEMIA
trial (International Study of Comparative Health Effectiveness with Medical and Invasive
Approaches) and how its findings may impact cardiac imaging for stable ischemic heart

disease (SIHD) moving forward.
Recent findings The ISCHEMIA trial compared an initial invasive management strategy with

goal of complete coronary revascularization versus an initial medical therapy strategy
among stable patients with newly diagnosed moderate to severe myocardial ischemia on
non-invasive testing. The trial results showed that an early invasive strategy did not
reduce the incidence of major cardiovascular events over 3.2 years of follow-up as

compared to optimal medical therapy in patients with SIHD. )
Summary The results of the landmark ISCHEMIA trial solidified the importance of

guideline-directed medical therapy and have provided more evidence against the prevail-
ing dogma that moderate to severe ischemia on traditional stress testing mandates
coronary revascularization. This trial was not designed to compare different cardiac
imaging and stress testing modalities for the assessment of coronary artery disease in
patients undergoing their index evaluation for SIHD; however, its design, which included
coronary computed tomographic angiography (CCTA) in most patients, and results have
generated robust discussion regarding ways to improve non-invasive testing strategies in
similar patient populations. We believe that increased utilization of CCTA to identify
patients with and without high-risk SIHD, and advanced tests for ischemia, such as
positron emission tomography and stress cardiac magnetic resonance imaging, when
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selected based on individual patient characteristics, may allow for improved decision-

making and outcomes.

Introduction

The evaluation and management of coronary artery dis-
ease (CAD) have been challenging physicians for centu-
ries. The prevailing paradigm of managing stable ische-
mic heart disease (SIHD) has centered on medical ther-
apy and coronary artery revascularization. For decades,
physicians have turned to functional tests of ischemia to
assess and risk stratify patients with SIHD. In the last
40 years, ischemic testing has also been utilized to iden-
tify patients who may benefit from revascularization in
lieu of medical therapy alone [1]. However, the routine
clinical practice of identifying ischemia and proceeding
with revascularization in patients found to have angio-
graphically obstructive CAD was never well proven in
large-scale comparative effectiveness trials and has been
repeatedly challenged [2-4]. Moreover, many have
questioned if patients with moderate to severe ischemia
on stress testing truly benefit from revascularization over
medical therapy alone—as no previous studies had di-
rectly examined this clinical question in what was felt to
be a high-risk population. The ISCHEMIA trial was de-
signed to help answer the important clinical
question—does revascularization in SIHD patients with
moderate to severe ischemia outperform optimal med-
ical therapy [5ee]?

The ISCHEMIA trial

The ISCHEMIA trial randomized 5179 eligible patients
(out of 8518 enrolled patients) with moderate to severe
ischemia on stress testing (imaging or exercise stress
electrocardiography [EXECG]) to either medical therapy
or an invasive strategy that consisted of medical therapy
plus plan for complete coronary revascularization [5ee].
The study flow is summarized in Fig. 1 and inclusion
and exclusion criteria are summarized in Table 1. All
patients had no left main (LM) stenosis > 50% but had
at least at least one major coronary with greater than
50% stenosis. Ensuring obstructive CAD was achieved
by having the majority (73%) of participants undergo
coronary computed tomographic angiography (CCTA)
[5e¢]. The remaining patients had renal dysfunction that
precluded CCTA or their coronary anatomy was recently

known. Importantly, prior to randomization, 21% of
subjects referred based on moderate to severe ischemia
on stress testing were found to have no significant CAD
on CCTA. Additionally, EXECG without imaging was
added to the study protocol in 2014 to improve the pace
of enrollment and to make the study more generalizable
given the extensive use of EXECG globally [5ee]. Of the
patients enrolled in the ISCHEMIA trial, 50% underwent
perfusion imaging with single photon emission com-
puted tomography (SPECT) or positron emission to-
mography myocardial perfusion imaging (PET MPI),
20% underwent stress echocardiography, 25%
underwent EXECG, and 5% underwent stress cardiac
magnetic resonance (CMR) [5e¢e]. Metrics for defining
moderate to severe ischemia on the various stress testing
modalities are summarized in Table 2. Ultimately, in
those randomized to the invasive arm, 96% underwent
invasive coronary angiography (ICA) with 79% under-
going revascularization (26% coronary artery bypass
graft surgery), with decisions regarding optimal and
ideally complete revascularization left to local treating
physicians.

At a median follow-up of 3.2 years, the estimated
cumulative rates of cardiovascular death, myocardial
infarction (MI), cardiac hospitalization, and sudden car-
diac death were 18.2% vs. 16.4% (p = 0.34) in the med-
ical therapy vs invasive arms, respectively. The compos-
ite primary outcome (cardiovascular death, MI, hospi-
talization for unstable angina, heart failure, or resusci-
tated cardiac arrest) occurred in 13.3% of the invasive
therapy group compared to 15.5% of the optimal med-
ical therapy group (hazard ratio [HR] 0.93, 95% confi-
dence interval [CI] 0.80-1.08, p = 0.34) [5®¢]. The major
secondary end point (cardiovascular death or MI oc-
curred in 11.7% vs 13.9% in the invasive and medial
therapy groups, respectively (HR 0.90, 95% CI 0.77-
1.06, p=0.21). Death from any cause occurred in 6.5%
vs 6.4% in the invasive and medial therapy groups,
respectively (p=0.67). During the trial, invasive coro-
nary angiography was performed in 28% of the optimal
medical therapy group, with 23% of the medical therapy
group ultimately undergoing a coronary
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8518
SIHD Patients with Moderate
or Severe Ischemia

/

Blinded CCTA*

3,339
Patients were excluded for insufficient ischemia by core
lab review (40%), did not have obstructive CAD (36%),
or had unprotected left main CAD (13%)

Randomized Patients Characteristics

Percent of each stress testing modality
used prior to enroliment

5,179

50% nuclear stress testing
25% stress electrocardiography

Underwent
Randomization

20% stress echocardiography
5% stress CMR

2,588

Patients were assigned to the Invasive Strategy:

Optimal Medical Therpy + Catheterization +
Optimal Revascularization

Percent of patients with obstructive disease by CCTA
23% with single vessel disease
31% with 2 vessel disase
45% with 23 vessel disease

Results

2,591

Optimal Medical Therapy

Patients were assigned to the Conservative Strategy:

(with catheterization reserved for medical therapy failure)

At a median follow-up 3.2, estimated rates of CV death,
MI, hospitalization, and SCD were 18.2% vs 16.4% p=.34
for medical therapy vs invasive therapy, respectively.

Implications for Cardiac Imaging

* Utilize more CCTA in patients without known CAD
* Utilize more PET/CMR MP! in patients with known CAD
* Utilize more stress CMR in patients with reduced LVEF

Fig. 1. Participant flow diagram for the ISCHEMIA trial. Participant flow in the ISCHEMIA trial. CAD coronary artery disease, CMR
cardiac magnetic resonance, CCTA coronary computed tomographic angiography, CV cardiovascular, LVEF left ventricular ejection
fraction, MI myocardial infarction, MPI myocardial perfusion imaging, PET positron emission tomography, SCD sudden cardiac
death, SIHD stable ischemic heart disease. *To ensure obstructive CAD was achieved, 73% of study participants underwent CCTA.
The remaining patients had renal dysfunction that precluded CCTA or their coronary anatomy was recently known

revascularization procedure. Indications for catheteriza-
tion in the optimal medical therapy group included
suspected or confirmed events (13.8%), medical therapy
failure (3.9%), and nonadherence (8.1%) [5®e]. Sub-
group analysis did not identify any clinical high-risk
subgroup that benefited from an initial invasive strategy.

It is important to note that patients in the initial
invasive arm achieved better angina relief at 1 year. Fifty
percent of subjects in the invasive arm were angina free
compared with 20% in the conservative arm. In terms of
quality of life, patients with moderate or severe ischemia
and frequent angina (daily, weekly, monthly) had better
angina control with the invasive strategy [5®e].

The major limitations of this trial were its relatively
small sample size and slow enrollment, lower than an-
ticipated adverse events rates in both groups, a 23%
crossover rate of medical therapy to the revasculariza-
tion, high utilization of (25%) of EXECG alone without
imaging, low proportion of women (23%), and

relatively short follow-up at 3.2 median years. The low
event rate was likely related to the exclusion of most
patients with prior coronary artery bypass graft surgery,
those with left ventricular ejection fraction (LVEF) <
35%, and the potential selection bias due to low enthu-
siasm of providers to refer patients with known or
suspected high-risk CAD to potential medical therapy
alone. The final trial population had less than 20% with
a prior MI and less than 5% of patients with a prior
diagnosis of heart failure or a cerebrovascular event,
respectively. Moreover, only 35% participants reported
experiencing any angina in the 4 weeks prior to
enrollment.

Despite these limitations, the results of this landmark
clinical trial add significantly to a growing body of liter-
ature questioning the routine use of coronary revascu-
larization to prevent hard cardiac events in patients with
stable symptoms—even in those with moderate to se-
vere ischemia—when aggressive medical therapy is also
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Table 1. Eligibility criteria for the ISCHEMIA trial

Inclusion criteria

1. At least moderate ischemia on a qualifying stress test
2. Participant is willing to give informed consent
3. Age221 years

Exclusion criteria

1. LVEF <35%

2. History of unprotected left main stenosis 250% on prior CCTA or prior cardiac catheterization
3. Finding of “no obstructive coronary artery disease” (<50% stenosis in all major epicardial vessels) on prior CCTA or prior

catheterization, performed within 12 months
4. Coronary anatomy unsuitable for either PCI or CABG

5. Unacceptable level of angina despite maximal medical therapy

6. Very dissatisfied with medical management of angina
7. History of noncompliance with medical therapy

8. Acute coronary syndrome within the previous 2 months
9. PCI within the previous 12 months

10. Stroke within the previous 6 months or spontaneous intracranial hemorrhage at any time
11. History of ventricular tachycardia requiring therapy for termination, or symptomatic sustained in ventricular tachycardia not due

to a transient reversible cause

12. NYHA class III-IV heart failure at entry or hospitalization for exacerbation of chronic heart failure within the previous 6 months
13. Non-ischemic dilated cardiomyopathy or hypertrophic cardiomyopathy

14. End stage renal disease on dialysis or estimated glomerular filtration rate<30 mL/min

15. Severe valvular disease or valvular disease likely to require surgery or percutaneous valve replacement during the trial

16. Allergy to radiographic contrast that cannot be adequately pre-medicated, or any prior anaphylaxis to radiographic contrast
17. Plant major surgery necessitating interruption of dual antiplatelet therapy (patient may be eligible after planned surgery)
18. Life expectancy less than the duration of the trial due to non-cardiovascular comorbidity

19. Pregnancy

20. Patient who, in the judgment of the patient’s physician, is likely to have significant unprotected left main stenosis
21. Enrolled in a competing trial that involves a non-approved cardiac drug or device

22. Inability to comply with the protocol
23. Exceeds the weight or time limit for CCTA or ICA

24. Canadian Cardiovascular Society Class III angina of recent onset, or angina of any class with a rapidly progressive or accelerating

pattern

25. Canadian Cardiovascular Society Class IV angina, including unprovoked rest angina
26. High risk of bleeding which would contraindicate the use of dual antiplatelet therapy

27. Cardiac transplant recipient

28. Prior CABG, unless CABG was performed more than 12 months ago and coronary anatomy has been demonstrated to be suitable
for PCI or CABG to accomplish complete revascularization of ischemic areas

Eligibility criteria used in the ISCHEMIA trial [5®®]. Further details can be found in the appendix of the original publication of the trial.

utilized. Others have questioned if traditional methods
of ischemic testing are outdated and feel that newer
imaging techniques (CMR MPI, PET MPI, and CCTA)
should be utilized over EXECG, stress echocardiography,
and SPECT MPI, the dominant forms of stress testing
used in the ISCHEMIA trial. It is noteworthy that in the
ISCHEMIA trial, CAD severity on anatomic testing

(CCTA and ICA) was the most predictive variable for
adverse events, irrespective of ischemia severity. Given
these results and the high accuracy of CCTA to rule out
left main CAD, many now argue that CCTA followed by
medical therapy in those without severe angina or left
main CAD should be the new testing paradigm in pa-
tients with stable symptoms.
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Table 2. Definitions of moderate to severe ischemia per modality utilized in the ISCHEMIA trial

Stress test modality

Nuclear perfusion via SPECT or PET
Echocardiography

Cardiac magnetic resonance

Diagnostic criteria

2 10% myocardium ischemic

> 3/16 segments with stress-induced severe hypokinesis or akinesis

Perfusion: 2 12% myocardium ischemic, and/or wall motion: 23 /16 segments with

stress-induced severe hypokinesis or akinesis

Exercise test without imaging (all 4
criteria must have been met)

1. Clinical history of typical angina or typical angina during the exercise test
2. Absence of resting ST segment depression = 1.0 mm or confounders that render

EXECG (LBBB, LVH with repolarization, pacemaker, etc.)

3. As compared to the baseline tracing, additional exercise-induced horizontal or
downsloping ST segment depression = 1.5 mm in 2 leads or 22.0 mm in any lead; ST
segment elevation 2 1 mm in a non-infarct territory.

4. Either of the following:

a. Workload at which ST segment criteria are met is not to exceed completion of
stage 2 of a standard Bruce protocol or 7 METs if a nonBruce protocol is used or
b. ST segment criteria are met at < 75% of the maximum predicted heart rate

Definitions of ischemia for the various stress testing techniques used in the ISCHEMIA trial [5®e]. Further details can be found in the appendix of

the original publication of the trial.

Questions raised by the ISCHEMIA trial regarding non-
invasive testing in patients with stable ischemic heart
disease

The ISCHEMIA trial solidified the central role of medical
therapy as the preferred initial treatment strategy in most
patients with stable ischemic heart disease who meet
ISCHEMIA trial inclusion criteria. The trial has also
raised several important questions in the field of non-
invasive imaging that have generated robust discussion.
Indeed, the ISCHEMIA results challenge the current
practice paradigm and clinical practice guidelines that
have utilized ischemia testing to select patients with
stable symptoms for invasive angiography. If moderate
to severe abnormalities on stress testing do not identify a
population most likely to benefit from an invasive ap-
proach, what testing strategy (if any) will? Naturally,
given the utilization of CCTA in most ISCHEMIA trial
participants to rule out left main CAD and to confirm
the presence of angiographically significant CAD as well
as the prognostic power of coronary atherosclerotic bur-
den, some have suggested that CCTA should be the first
test in similar patients, especially when there is no prior
known CAD. Furthermore, the frequency of significant
ischemia without significant CAD on CCTA (21%), in
part related to false-positive stress testing, highlights the
potential of coronary CTA to serve as a more efficient
first-line test and potential gatekeeper to the catheteriza-
tion lab in patients where this test is appropriate.

Evolving role of coronary CTA

As noted previously, the ISCHEMIA trial was the first
large randomized controlled trial in the field of SIHD to
include mainly patients with the moderate to severe
ischemia on stress testing as well as anatomic evidence
of obstructive CAD based on anatomic imaging, specif-
ically utilizing CCTA. It is important to note that CCTA
was not compared to functional testing. Previous trials
such as PROMISE and SCOT-HEART demonstrated that
CCTA is dlinically useful as an alternative to or in addi-
tion to functional testing in low-risk patients [6, 7ee].
While the PROMISE trial did not show a significant
benefit at 2 years of CCTA versus conventional ischemia
testing, those randomized to CCTA had a lower rate of
MI at 1 year and lower rate of normal cardiac catheter-
ization in those referred for ICA, highlighting the poten-
tial improvement in selection for ICA. The SCOT-
HEART trial, however, demonstrated that CCTA,
through its visualization of both obstructive and
(especially) non-obstructive coronary atherosclerosis,
was associated with more appropriate medical therapy
for CAD and significantly lower rate of hard cardiovas-
cular outcomes over 5 years of follow-up [7ee].

In patients randomized following CCTA, most pa-
tients in ISCHEMIA had evidence of clinically relevant
CAD, as reflected in the stenosis of at least 50% of
multiple vessels in 79%, left anterior descending artery
in 86.8%, and proximal left anterior descending artery
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un 46.8% [5¢]. In a post hoc ISCHEMIA trial analysis,
pre-randomization CCTA studies demonstrated a high
degree of concordance with those who underwent sub-
sequent ICA, 97.1% agreement for the absence of left
main stenosis, and 92.2% agreement for stenosis in at
least 1 non-left main coronary artery [8ee].

Following the ISCHEMIA trial, many have begun to
advocate that all patients without known CAD and an-
gina should undergo CCTA to exclude LM disease while
simultaneously starting medical therapy—even in the
setting of moderate to severe ischemia on stress imaging.
In this management algorithm, patients are only referred
for revascularization if there is LM disease or similar
high-risk obstructive CAD (multivessel CAD, etc.), un-
stable angina, or symptoms refractory to medical thera-
py. By virtue of this protocol, an anatomic study (CCTA
or ICA) would be necessary for a patient undergoing
evaluation for stable angina in order to exclude obstruc-
tive LM disease. This may lead more providers to obtain
anatomic imaging initially at the expense of functional
testing (bypassing stress imaging), in the evaluation of
patients with SIHD and (in theory) lead to less down-
stream testing following CCTA. Naturally, CCTA would
be the preferred non-invasive anatomic study option. If
this route is taken, the provider should additionally
ensure that the patient is similar to the population en-
rolled in ISCHEMIA, considering the other exclusion
criteria such as LVEF < 35% (Table 1) as these patients
may benefit from CMR MPI with delayed enhancement
imaging to better define their cardiomyopathy. Proceed-
ing with either an initial invasive strategy or conservative
approach will then require an informed decision that
will vary based on individual patient factors after risk/
benefit discussion.

This algorithm though does not necessarily answer
the question of what is causing symptoms in the
absence of obstructive CAD and does not allow for
the evaluation of coronary microvascular dysfunction
but does avoid referrals to the catheterization lab
based on false positive stress testing results. Newer
techniques in CCTA have been developed to address
these shortcomings to some degree. CT-based frac-
tional flow reserve (FFRcr) allows for an estimation
of invasively derived FFR. FFRcr can be performed
without functional imaging and utilizes the same
images from the original CCTA acquisition. In pa-
tients with extensive CAD, CCTA complemented by
FFRct has been shown to be non-inferior to ICA and
invasive FFR for decision-making, and the identifica-
tion of targets for revascularization. This data suggests

FFRcr may be helpful when considering
revascularization—particularly among patients with
frequent symptoms [9, 10].

Given the false positive rate of functional stress test-
ing and the clinical need to exclude LM stenosis, early
evaluation with CCTA may be warranted or even pre-
ferred in many cases. The 2019 European Society of
Cardiology guidelines on stable ischemic heart disease
state that CCTA should be test of choice in most patients
without previously known CAD when high diagnostic
accuracy of CCTA can be expected [11ee].

In light of the positive attributes of CCTA, this
anatomic testing modality is not without limitations.
These limitations can be patient specific, acquisition
specific, or limited to general availability. Patient-
specific contraindications such as renal impairment
have been outlined in guidelines [12] which were
also used in the ISCHEMIA trial. However, other
patient conditions can limit the ability to obtain
high diagnostic images including atrial fibrillation
or frequent ectopy, morbid obesity, prior coronary
stent placement, among others. Many of these limi-
tations can be overcome with recent improvements
in hardware, software, and acquisition techniques;
however, these acquisitions generally require higher
doses of radiation and should be performed and
centers with expertise in performing high-quality
CCTA. In light of these limitations, we believe ische-
mia testing will continue to play a role in patients
who are not ideal candidates for CCTA. In general,
the use of CCTA in patients with previously known
CAD should be carefully considered [13]; as these
patients have not been evaluated in the context of
appropriate prospective clinical trials comparing out-
comes to traditional ischemic testing.

The most controversial question on the imaging in-
terpretation of this trial appears to be whether CCTA
should be the forerunner in initial imaging for patients
with SIHD. We believe this study may lead to increased
use of CCTA as a first-line imaging study to evaluate
SIHD patients with suspected obstructive CAD, ulti-
mately to determine the role and intensity of medical
therapy and to identify the overall burden of atheroscle-
rosis for risk assessment instead of focusing on severity
of stenosis alone. Furthermore, CCTA can be utilized to
rule out high-risk anatomy given its unmatched negative
predictive values compared to other imaging techniques
[11ee] and motivate providers to utilize more appropri-
ate medical therapy for CAD if non-high-risk anatomy is
discovered.
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Novel approaches to assess myocardial ischemia

The ISCHEMIA trial outlines the weakness of non-
invasive imaging assessments as tools to reliably diag-
nose obstructive CAD; a significant proportion (21% of
the patients undergoing screening CCTA) of patients did
not have 50% or greater stenosis, highlighting the dif-
ferences between anatomic evidence of epicardial CAD,
physiologic evidence of ischemia, and potential for im-
aging artifacts on stress imaging. In an ad hoc analysis of
patients enrolled in the ISCHEMIA trial found that few
(if any) clinical and stress testing parameters were pre-
dictive of LM disease on CCTA in patients with moderate
or severe ischemia on stress testing [14].

These findings have led many to consider the role of
evaluating myocardial ischemia with novel techniques
that may have improved diagnostic and prognostic ac-
curacy compared with the more traditional modalities
(SPECT, stress echocardiography, EXECG) used in IS-
CHEMIA. Stress PET has extensive evidence of superior
performance compared with traditional SPECT MPI in
diagnosing and assessing risk in patients with CAD. PET
MPI and increasingly CMR MPI with whole heart perfu-
sion have powerful and well-vetted applications in eval-
uating microvascular ischemia, coronary flow reserve,
and combination with calcium scoring from transmis-
sion scan [15].

Age and sex discrepancies did exist in the ISCHEMIA
trial cohort as 22.6% of the study participants were
women. Women were also noted to be more often
excluded for having less ischemia on stress testing and
less obstructive CAD on CCTA [16e¢]|. While women are
known to have higher rates of false positive stress test
results, some have argued that the ischemia initially
detected may have been secondary to microvascular
ischemia. As such, PET MPI may be an ideal choice for
anatomic (epicardial calcium detection) and functional
evaluation to diagnose CAD (either epicardial or micro-
vascular) as the cause of the patient’s symptoms in the
absence of significant epicardial stenosis [17].

It is important to note that stress CMR is an excellent
test for detecting ischemia compared to SPECT [18] and
can also contribute to a better understanding of alterna-
tive causes of chest pain such as myocarditis, cardiomy-
opathy, or pericardial disease. Parametric mapping (T1
and T2) along with delayed enhancement imaging has
proven to be very effective techniques in evaluating
patients with chest pain syndromes and ischemic and
non-ischemic cardiomyopathies [19ee, 20, 21]. There is
emerging evidence in favor of the utilization of stress
CMR; however, the ISCHEMIA trial included only 5% of

the trial participants enrolled after stress CMR and the
clinical utility remains to be explored and validated
[5ee, 22]. The MR-INFORM trial compared a stress
CMR management strategy with FFR-guided manage-
ment of patients with typical angina and showed that a
CMR strategy safely guided patient management and
reduced the number of invasive coronary angiograms
and revascularization [23ee]. Guideline-supported indi-
cations of CMR continue to grow as we see that CMR is
an excellent non-invasive imaging modality to evaluate
new cardiomyopathies including infiltrative disease
with amyloid, sarcoid, HCM, and microvascular angina
and viability [13, 24]. Even though the vast majority of
PET/CMR MPI is pharmacological and not physiologi-
cal, CMR provides additional vascular function at the
epicardial and microvascular levels and allows for con-
tinued medical therapy when vasospastic angina or mi-
crovascular angina is considered [18, 25].

Unfortunately, CMR and PET MPI were underrepre-
sented in the ISCHEMIA trial. It remains to be seen if
these techniques, with higher accuracy and the ability to
better define viability, prior infarction more accurately,
might outperform traditional techniques to evaluate
SIHD in a similar trial design. Unfortunately, the chief
limitation in use of these novel modalities remains ac-
cess and cost. Of important note, the recent SCMR reg-
istry study SPINS demonstrated the diagnostic and cost-
effective value of CMR in the USA, but this has yet to be
incorporated in guidelines or reimbursement coverage
policies [26]. Regardless, we are confident that these
novel imaging technique modalities provide clinicians
the ability to perform patient-centered imaging with an
individualized approach to best answer the clinical
questions at hand.

Confidence with medical therapy moving forward

The largest impact of the ISCHEMIA trial on medicine
will not be on cardiac imaging, but rather medical ther-
apy for CAD. The ISCHEMIA trial results continue to
support growing evidence that fist-line medical therapy
in patients with STHD is not inferior to revascularization
[2-4]. Importantly, this benefit occurs in the back-
ground of widespread availability/accessibility, high
procedural success, and low complication rates of coro-
nary revascularization techniques. The ISCHEMIA trial
provides more evidence allowing clinicians to pursue an
initial strategy of medical therapy—even among patients
who have moderate to severe ischemia—and this alone
may be highly impactful and important for the millions
of patients who have CAD.
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In the context of the ISCHEMIA trial, we believe iden-
tifying patients who have undiagnosed CAD by CCTA
will play an important role going forward. The ability of
CCTA to identify patients with non-obstructive CAD who
might benefit from more aggressive primary prevention
makes this an attractive first-line test in patients without
known CAD. In addition to blood pressure control and
lifestyle changes, the field of lipid-preventive pharmaco-
therapy now includes cholesterol-lowering agents such as
statins, ezetimibe, and PCSK9-inhibitors, as well as the
newer agents of high-dose omega-3, fibrates, aspirin, and
cardiorenoprotective hypoglycemic agents [27, 28]. The
updated 2019 ESC guidelines highlight the aims of phar-
macological management of CAD to reduce angina
symptoms and exercise-induced ischemia, and prevent
cardiovascular events [11ee]. The general strategy in-
cludes no universal definition of an optimal treatment
in patients with CAD and utilization of the above drugs
adapted to each patient’s characteristics and preference
with a goal to eliminate angina and lower low-density
lipoprotein cholesterol by at least 50% from baseline and
to <55 mg/dL [11ee].

Another question that has be raised following the
ISCHEMIA trial is whether clinicians should evaluate
for ischemia if medical therapy will be used to treat the
majority of stable patients who do not have high-risk
CAD. This trial does not provide concrete indications to
avoid ischemia testing given there is a significant body of

Conclusions

evidence demonstrating that progressive ischemia is as-
sociated with increased risk for major adverse cardiovas-
cular events (across all ischemia imaging modalities)
[23, 29ee]. Ischemic evaluation will continue to have
an important clinical role in many patients. This is due
in part to the ISCHEMIA trial not including very low or
high-risk populations; approximately 54% of the pa-
tients in the trial had severe ischemia. We do not know
how severe the ischemia was, and it is likely that due to
selection bias, individuals who had extensive ischemia,
reduced ejection fraction, or other high-risk features
were less likely to be randomized in the study.

The results of the ISCHEMIA trial are consistent with
those of previous trials demonstrating revascularization
had no survival benefit in patients with SIHD without
obstructive LM disease. This trial does not change the
indication for revascularization in STHD that has already
been established. SIHD continues to warrant a patient-
centered approach—one size does not fit all. Manage-
ment should take into consideration the clinical history,
impact on quality of life, risk factors, and the burden of
ischemia and atherosclerosis, if known. A multidisci-
plinary approach and an up-front frank discussion is
necessary regarding an invasive approach; specifically,
addressing risks and benefits and the fact that revascu-
larization may not reduce likelihood of cardiovascular
death or MI.

The landmark results of the ISCHEMIA trial have provided more evidence
against the prevailing dogma that moderate to severe ischemia warrants routine
coronary revascularization. Additionally, it provides strong evidence that med-
ical therapy is an effective treatment for CAD when compared to patients
undergoing revascularization for moderate to severe ischemia on stress testing.
This trial, like so many before its publication, demonstrates that appropriate
medical therapy for patients with CAD continues to be absolutely paramount.
This trial was not designed to compare different cardiac imaging and stress
testing modalities for the assessment of CAD in patients undergoing their index
evaluation for SIHD; however, its results have generated a myriad of predictions
and opinions towards the future cardiac imaging in this population. We believe
this trial demonstrates that CCTA can be used to effectively diagnose CAD with
high sensitivity and allow for identification of high-risk anatomy that warrants
revascularization, if appropriate. The results of the ISCHEMIA trial add to a
growing belief that a paradigm shift should occur in the evaluation of SIHD. In
evaluating most patients with SIHD, we should first ask ourselves “is coronary
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atherosclerosis present” and not “is ischemia present”? CCTA allows clinicians
to diagnose atherosclerosis and plaque characteristics allowing for tailored
medical therapies versus simply identifying ischemia. In this context, we believe
the use of CCTA as part of the initial evaluation for CAD will only continue to
grow. However, diagnosing myocardial ischemia will remain critically impor-
tant for many patients, particularly those with established CAD, as we know
that progressive ischemia portends worse outcomes. Additionally, many high-
risk patients that were excluded by the ISCHEMIA trial remain ideal candidates
for ischemia testing. We believe this trial highlights the importance of consid-
ering the use of novel approaches to assess myocardial ischemia using PET and
CMR MPI as they have been shown to be superior in diagnosing obstructive
CAD compared to traditional imaging techniques and also allow for identifi-
cation of microvascular disease among other cardiac pathologies. The results of
this trial will undoubtedly impact the clinical/imaging assessment and treat-
ment of patients with SIHD in the years to come.
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