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Left main coronary artery (LMCA) stenosis in patients with coronary artery disease (CAD) is associated with a sig-
nificant increase in cardiac events, and determining its contribution to ischemia is essential. Currently, several
noninvasive modalities are available for the ischemic assessment of CAD. In multi-vessel disease, including
LMCA disease, the accuracy of myocardial perfusion scintigraphy (MPS) for detecting myocardial ischemia can
be poor. Fractional flow reserve from computed tomography (FFR-CT) has emerged as a promising noninvasive
modality that can provide functional myocardial ischemia information. Herein, we describe the case of a 50-year-
old woman with type 2 diabetes who presented to the hospital due to intermittent chest pain on exertion. Cor-
onary computed tomography angiography showed right coronary artery hypoplasia, 25 % stenosis in the LMCA,
and 75 % stenosis in the left anterior descending. FFR-CT identified myocardial ischemia due to LMCA stenosis, but
MPS did not. Invasive coronary angiography with conventional fractional flow reserve was mostly consistent
with the results of FFR-CT.

Learning objective: Fractional flow reserve from computed tomography (FFR-CT), which is a novel noninvasive
method, can provide absolute, not relative, functional myocardial ischemia information by applying computational
fluid dynamics to coronary computed tomography angiography on a lesion-by-lesion basis. FFR-CT can be extremely
useful in detecting patients with left main coronary artery stenosis with right coronary artery hypoplasia.

© 2023 Japanese College of Cardiology. Published by Elsevier Ltd. This is an open access article under the CC BY li-

cense (http://creativecommons.org/licenses/by/4.0/).

Introduction

Left main coronary artery (LMCA) stenosis in patients with coronary
artery disease (CAD) is associated with a significant increase in cardiac
events [1], and determining its contribution to ischemia is essential.
Myocardial perfusion scintigraphy (MPS) is widely used as a specific
method for noninvasive imaging of regional myocardial ischemia [2].
However, the accuracy for detecting multi-vessel disease (MVD) or
LMCA disease can be poor because it evaluates relative myocardial per-
fusion with its own other coronary arteries [3]. Fractional flow reserve
from computed tomography (FFR-CT) has emerged as a promising non-
invasive modality alternative to conventional fractional flow reserve
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(FFR). This enables the prediction of blood flow and pressure fields in
coronary arteries and the calculation of lesion-specific FFR by applying
computational fluid dynamics to coronary computed tomography angi-
ography (CCTA) [4]. FFR-CT might be useful even in patients with MVD
or LMCA disease because it provides absolute, not relative, functional
myocardial ischemia detail based on anatomical information on a
lesion-by-lesion basis. In this report, we present the case of LMCA steno-
sis with right coronary artery (RCA) hypoplasia in which myocardial is-
chemia could be identified by FFR-CT but not by MPS.

Case report

A 50-year-old woman with type 2 diabetes mellitus presented to the
hospital due to intermittent chest pain on exertion. Based on the results
of blood tests (cardiac troponin was negative), a 12-lead electrocardio-
gram (no remarkable ST change), and transthoracic echocardiography
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Findings in coronary computed tomography angiography. (A) Maximum intensity projection reformation of coronary computed tomography angiography shows right coro-
nary artery hypoplasia. (B) Curved planer reconstruction of left anterior descending (LAD) shows 25 % stenosis in the left main coronary artery (LMCA), and 75 % stenosis in the
LAD. The red arrows indicate the LMCA stenosis and the white arrows indicate the LAD stenosis.

Fig. 1.
LCX, left coronary circumflex; RCA, right coronary artery.

(no wall motion abnormalities), as well as the patient's typical chest
pain and a coronary risk factor, she underwent CCTA in suspicion of
CAD. CCTA showed RCA hypoplasia, 25 % stenosis in the LMCA, and 75
% stenosis in the left anterior descending (LAD; Fig. 1A,B). Therefore,
we performed a further evaluation, which comprised adenosine stress

thallium-201 MPS and FFR-CT. The MPS showed no major ischemic
findings [summed difference score = 3, stress defect = 4 %, transient is-
chemic dilation (TID) ratio = 1.20; Fig. 2]. The FFR-CT analysis (cut-off
value for ischemia: <0.80) showed that the decrease in value due to
the LMCA stenosis was hemodynamically significant at 0.63 (Fig. 3A).

ference score = 3; stress defect = 4 %; transient ischemic dilatation ratio = 1.20).

Adenosine stress thallium-201 myocardial perfusion scintigraphy. A normal perfusion pattern was observed (summed stress score = 3; summed rest score = 0; summed dif-
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Image of Fig. 1
Image of Fig. 2
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Coronary artery findings in FFR-CT, invasive FFR, and post percutaneous coronary intervention for the LMCA. (A) Fractional flow reserve from computed tomography (FFR-CT)
showed hemodynamically significant stenosis in the left main coronary artery (LMCA). (B) The invasive fractional flow reserve (FFR) value decreased to 0.57 at distal site of the
LMCA. (C) Invasive coronary angiography after deployment of a drug-eluting stent in the LMCA-LAD.

LAD, left anterior descending; LCX, left coronary circumflex; RCA, right coronary artery.

Fig. 3.

Subsequently, invasive coronary angiography was performed, which
showed 50 % stenosis at the LMCA and 75 % stenosis at the LAD. The
FFR value decreased to 0.57 at the distal site of the LMCA lesion, which
was largely consistent with the results of FFR-CT (Fig. 3B). In compari-
son, the FFR value decreased from 0.57 to 0.48 at the distal site of the
LAD lesion, which was not hemodynamically significant (Fig. 3B). She
underwent percutaneous coronary intervention for the LMCA
(Fig. 3C). Deployment of one drug-eluting stent in the LMCA-LAD re-
lieved her symptoms. The patient had an uneventful postoperative
course during her hospital stay and had no evidence of recurrence
after discharge.

Discussion

The findings in this case have the following important clinical implica-
tions. In patients with LMCA stenosis and RCA hypoplasia, there were no
major ischemic findings on MPS. In contrast, FFR-CT could identify any he-
modynamically significant LMCA stenosis, even in such a background.

In stable CAD, revascularization therapy is only effective for coronary
artery stenosis with proven ischemia. MPS is widely used for the nonin-
vasive evaluation of regional myocardial ischemia, with a diagnostic ac-
curacy of over 80 % [2]. Indeed, the current guidelines recommend
noninvasive functional imaging, including MPS, for the diagnosis and
risk assessment of stable CAD [5]. However, MPS is compromised in
LMCA disease or MVD because it evaluates relative myocardial perfu-
sion. Clinically, patients with LMCA disease with RCA stenosis have rel-
atively normal perfusion on MPS in approximately half of them [3]. In
our case, LMCA stenosis with RCA hypoplasia may have resulted in bal-
anced ischemia, leading to the normal perfusion pattern on MPS. TID
ratio (cut-off value for ischemia >1.23) on MPS is also used as a marker
of the severity of CAD [6]. However, Lester et al. reported that the higher
TID ratio did not reflect the myocardial ischemia in patients with normal
perfusion patterns on MPS [6]. Therefore, the TID ratio in our case may
not be a candidate for evaluating ischemia.

FFR is an index of the physiological significance of coronary artery
stenosis and is defined as the ratio of maximal blood flow in a stenotic
artery to normal maximal flow. It can be measured by invasive coronary
angiography with >90 % accuracy in identifying ischemia-causing coro-
nary artery stenosis [7]. Because angiography is a poor reflector of phys-
iology, this approach is known to be superior to treatment strategies
based on the degree of angiographic stenosis in reducing major adverse
cardiac events [8]. LMCA stenosis in patients with CAD is associated
with a considerable increase in cardiac events [1], and determining its
contribution to ischemia is essential. However, the LMCA is one of the
most challenging lesions to visually assess for hemodynamically

66

significant stenosis. Especially in LMCA lesions, the discrepancy be-
tween the degree of angiographic stenosis and FFR values is often ob-
served [9]. Hamilos et al. reported that the long-term clinical outcome
of patients with an LMCA stenosis in whom revascularization therapy
was deferred on the basis of FFR values >0.80 was acceptable [9]. Ac-
cordingly, for LMCA lesions, a treatment strategy based on FFR assess-
ment may be important. FFR-CT has emerged as a noninvasive
method alternative to the FFR, which is a novel method that enables
prediction of blood flow and pressure fields in coronary arteries and cal-
culation of lesion-specific FFR by applying computational fluid dynam-
ics to CCTA [4]. FFR-CT has higher accuracy of diagnostic performance
for detecting ischemia-causing stenosis than CCTA and a good correla-
tion with invasive FFR values [4]. Moreover, in patients with MVD,
FFR-CT has a higher sensitivity (FFR-CT: 93 % vs. MPS: 51 %) and a
lower false negative value (FFR-CT: 7 % vs. MPS: 49 %) than MPS for de-
tecting myocardial ischemia [10]. In this context, FFR-CT may be more
useful for MVD or LMCA lesions than MPS to identify ischemia-causing
stenosis. However, to date, there have been no reports regarding
LMCA stenosis with RCA hypoplasia showing typical balanced ischemia,
which could be detected by FFR-CT, but could not by MPS.

In conclusion, we present a case in which FFR-CT, but not MPS, could
identify myocardial ischemia due to LMCA stenosis in a patient with
RCA hypoplasia. FFR-CT can be extremely useful in detecting patients
with extensive LMCA disease.
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