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In this issue of the Journal, Sareen and Anantha-

subramaniam provide an extensive review of the

available evidence describing the value of rest and stress

electrocardiography, nuclear myocardial perfusion

imaging, stress echocardiography, cardiac computed

tomography, and cardiac magnetic resonance imaging in

diagnosis of left main (LM) coronary artery disease

(CAD).1 The authors included a total of 102 references

covering this important topic and provided several very

interesting Figures. I would specifically mention their

Figure 9, with the proposed algorithm and suggestions

for utilization of multiple diagnostic imaging modalities

as well as Table 1, with a summary of diagnostic

strengths and weaknesses for the noninvasive diagnostic

modalities reviewed in this paper.

Any practicing cardiologist would have agreed with

the authors in their conclusions. Based on their analysis,

the authors state that ‘‘…noninvasive detection of sig-

nificant LM stenosis is critically important given the

underlying extent of myocardium at risk’’.1 They also

rightfully conclude that all the reviewed noninvasive

methodologies have their intrinsic limitations in

assessment of extent of LM disease.

Among the methodologies reviewed and compared

in this paper, cardiac CTA (CCTA) appears to be the

most promising test for evaluation of LM stenosis. The

strength of physiologic testing, including nuclear per-

fusion imaging, appears to be good, but not perfect.

Evidence reviewed by the authors suggests a value of

the integrative approach. Taking into consideration the

hemodynamic and ECG response to stress on top of the

imaging findings may definitely help suspect the pres-

ence of LM stenosis or extensive multivessel disease.

Finally, the authors suggest that when the noninvasive

tests are equivocal, clinical suspicion should prevail,

warranting invasive coronary angiography.

This paper of Sareen and Ananthasubramaniam

raises several important clinical concerns. Currently, the

option of choosing medical therapy vs intervention is

frequently discussed with patients based on the

COURAGE trial results.2 However, it is important to

note that all patients with either high-risk scans or high-

risk anatomy (including 947 patients with LM disease)

were excluded from the COURAGE study population. In

this regard, the COURAGE approach applies only to

patients with a stable non-high-risk CAD. An important

conclusion here is that clinicians must perform either

anatomic or physiologic testing before offering a med-

ical treatment option to patients with CAD.

When appropriately diagnosed, surgical treatment

of LM disease may substantially improve morbidity and

mortality,3 while misdiagnosis of this serious disorder

may lead to an extensive myocardial infarction (MI) or

death.4 Unfortunately, a significant percent of these

patients may have either fatal MI or sudden death as

their initial presentation.

Even when patients with angiographically signifi-

cant (including[50% stenosis) LM disease have normal

stress MPI results, their death or MI rate reaches 2%/

year, despite the pervasive belief that normal stress

imaging is associated with benign prognosis.5

As one can see from the available literature review,

we are not yet perfect in our ability to diagnose LM

disease based on use of any diagnostic imaging modal-

ity. Berman et al demonstrated that based on myocardial

perfusion results alone (presence of[10% of the myo-

cardium ischemic), LM disease may be under-diagnosed

in more than 40% of cases.6 A really sobering fact in this

paper was that up to 15% of the LM disease cases did
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not have any perfusion abnormality. Thus, LM disease

may represent an ‘‘Achilles heel’’ of the diagnostic

imaging.

Physiologic testing may miss/underestimate the

presence of the LM disease due to a variety of reasons.

Among the frequent factors limiting diagnostic perfor-

mance are imaging artifacts, gating errors, quality

issues, as well as inability of the patient to perform a

complete exercise stress MPI test (defined as achieving

the maximal predicted heart rate AND ability to walk on

a treadmill for at least 6 min). In addition, the well-

known phenomenon of balanced ischemia (resulting in

an apparently normal-appearing perfusion map) was

described for stress MPI applications decades ago.

The ‘‘classic appearance’’ of the high-risk MPI scan

in patients with LM disease reveals severe perfusion

defects in the LAD and LCX territories (Figure 1).

However, some MPI studies in patients with LM disease

demonstrate perfusion abnormalities in only one of the

vascular territories (either LAD or LCX) (Figure 2).

In patients with LM disease, both stress-induced

ECG changes and hemodynamic response (hypotensive

response to exercise), as well as stress-induced ischemic

arrhythmias (especially polymorphic VT), may help

raise suspicion of severe CAD/LM disease. However,

ECG in general has only a modest diagnostic value in

predicting LM disease. As an example, one of our

patients with severe distal LM and subtotal mid-LAD

disease (Figure 3) was admitted recently with unsta-

ble angina; her serial (93) cardiac troponins and ECGs

remained normal. The patient was considered to be at

high risk and referred for coronary angiogram solely

based on her clinical presentation.

Ancillary non-perfusion markers of severe ischemia

(transient ischemic dilation—TID; abnormal TID ratio;

increased lung heart ratio; or increased lung uptake,

Figure 1. Exercise stress Tc-99m Sestamibi single day myocardial perfusion SPECT images of the
female patient with a significant (80%) distal left main coronary artery disease. Classic features of
the high-risk scan are present: severe partially reversible perfusion defect, involvement of the LAD
and LCX territory, visual transient ischemic dilation and abnormal TID ratio (1.21). The patient
presented with symptoms of stable atypical angina. No significant ECG or hemodynamic changes
were noted during the stress portion of the test.
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decrease in ejection fraction with stress-ischemic stun-

ning; focal left ventricular geometry change; etc.) have

shown a good predictive value in distinguishing patients

with high risk and severe and extensive CAD.7-15 In two

examples of patients with LM disease (Figures 1, 2),

TID ratio and visual TID were abnormal. Use of these

markers requires careful assessment of the scan quality,

is tracer, stressor, and protocol-dependent,8 and has to

take into consideration the presence of perfusion

abnormalities16 and the clinical likelihood of CAD.17

In general, a combination of clinical, hemodynamic,

electrocardiographic, and perfusion imaging parameters

with ancillary markers may increase the diagnostic

power of stress MPI in predicting LM disease,6 as well

as the overall diagnostic certainty of the imaging test.18

This combined diagnostic power is more accurate in

predicting LM disease than any other clinical method-

ology, and should be considered a true strength of the

modern cardiac imaging.

Unlike physiologic imaging, anatomic imaging

(either coronary CTA or invasive coronary angiogram)

directly visualizes coronary stenosis and obstruction

(Figure 4). One well-known application of the CTA is

its utilization in patients with equivocal or nondiagnostic

stress MPI results.19 The potential of CTA is very

promising in patients with significant ischemia who are

candidates for PCI, as the CTA can predict success of

PCI based on the plaque characteristics,20 and also

potentially help in the revascularization (surgical vs

PCI) planning. CTA also prevents starting dual anti-

platelet therapy in patients who have a severe LM/3

vessel CAD and may need urgent surgical

revascularization.

Modern anatomic imaging may also prove helpful

in patients with known CAD and history of prior LM

intervention (PCI to LM). CCTA in these cases may

demonstrate not only LM in-stent restenosis but also

reveal progression of coronary atherosclerosis in the

non-LM locations and define need and time for revas-

cularization. The potential of CTA perfusion, and

Figure 2. Evidence of a significant (80% stenosis) proximal left main disease (white arrow) in a
female patient with stable angina. No significant LAD disease is present. Stress myocardial
perfusion images revealed severe reversible perfusion defect in the LAD territory; no ischemia is
seen in the LCX territory. Abnormal visual TID and TID ratio suggests the presence of the severe
and extensive CAD.

Figure 3. Evidence of a significant (70%) distal left main/
ostial LAD (white arrow) and additional subtotal mid-LAD
stenosis (black arrow) in a female patient with typical recent
onset (3 days) unstable (progressive) exertional angina, normal
resting ECG, and normal serial troponins.
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especially CT-FFR for diagnosis of LM disease, still

needs to be defined in further research.

Coronary CTA may have the capability to predict

future adverse events even when a nonobstructive

(\50%) coronary plaque is found in the LM. Compared

to invasive coronary angiogram with visualization of the

‘‘lumenogram,’’ the expectation for prediction of the

plaque behavior based on the CTA plaque vulnerability

indicators is much higher.

Based on evidence published in the last decade, the

problem of ‘‘Achilles heel’’ of the cardiac imaging may

definitively be solved using an integrative approach to

scan interpretation. Especially important here are recent

publications of Slomka et al21-23 comparing artificial

intelligence (AI) program learning vs expert interpreta-

tion of the myocardial perfusion scans; in these papers,

the AI performance was excellent and appeared similar

or better when compared to the expert reads. While a

methodology of integrated reads with global analysis of

the entire dataset has been described,18 only AI-based

reading algorithms will allow analysis of all the complex

data available from the noninvasive imaging modality,

add to this analysis all clinical variables and any ancil-

lary findings, and come up with a diagnosis specifically

developed for a particular patient. AI-based assistance is

invaluable for all the versatile imaging modalities,

including nuclear myocardial perfusion imaging

(SPECT or cardiac PET), Cardiac CCTA (adding

together the vessel lumen and wall/plaque structure

information, perfusion, flow and global and regional

function), and Cardiac MRI. Current electronic image

fusion may lead to future data analysis algorithms from

several imaging modalities, with development of indi-

vidualized LM/significant CAD probability models.

In summary, based on modern diagnostic tools

(especially CTA), cardiac imaging allows us to have a

much better understanding of LM disease, including the

precise location, severity, extent and physiologic sig-

nificance of the lesion. Moreover, based on plaque

characteristics, we can predict future risk associated not

only with obstructive, but also with nonobstructive LM

disease. It seems logical to combine physiologic and

anatomic imaging results for the best diagnostic effec-

tiveness in patients with known or suspected LM

disease. Future AI applications with automated analysis

of the entire imaging and nonimaging dataset from a

single or multiple tests may further enhance our ability

to create individualized diagnostic and prognostic

models for patients and provide a choice of the best

possible management based on these models.

I believe we are already reaching the time point

where diagnosis of the high risk CAD, and especially

LM disease turns into a great strength of modern cardiac

imaging.

How many saved lives will our enhanced diagnostic

power lead to—is yet to be assessed in future research.

Figure 4. Incidental finding of severe calcified distal left main and ostial LAD (white arrow), mid-
LAD (black arrow) and LCX disease (red arrow) on chest CTA performed to evaluate a thoracic
aorta in an asymptomatic elderly male patient with a history of TIA. Cardiac catheterization
confirmed the CTA results.
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