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Background Optical coherence tomography (OCT)-derived fractional flow reserve (FFR)—which may be calculated using fluid
dynamics—demonstrated an excellent correlation with the wire-based FFR. However, the applicability of the
OCT-derived FFR in the assessment of tandem lesions is currently unclear.

...................................................................................................................................................................................................
Case summary We present two cases of tandem lesions in the mid segment of the left anterior descending (LAD) artery which

could have assessed accurately by OCT-derived FFR. The first patient underwent wire-based FFR at the far distal
site of LAD, showed a value of 0.66. The OCT-derived FFR was calculated, yielding a value of 0.64. In the absence
of stenosis at the proximal lesion, the OCT-derived FFR was calculated as 0.79, which was as same as the wire-
based FFR obtained after stenting to the proximal lesion. Thus, additional stenting was performed at the distal
lesion. The second patient underwent wire-based FFR at the far distal site of LAD, showed a value of 0.76 which
was as same vale as OCT-derived FFR. Considering the absence of stenosis in the proximal lesion, the OCT-
derived FFR was estimated as 0.88. After coronary stenting in the proximal lesion, the wire-based FFR yielded a
value of 0.90. Therefore, additional intervention to the distal lesion was deferred.

...................................................................................................................................................................................................
Discussion The described reports are the first two cases which performed physiological assessment using OCT in tandem

lesions. The OCT-derived FFR might be able to estimate the wire-based FFR and the severity of each individual
lesion in patients with tandem lesions.
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Introduction
Percutaneous coronary intervention (PCI) has become the predom-
inant procedure for coronary revascularization among patients with
coronary artery disease. Functional assessment of coronary stenosis

by fractional flow reserve (FFR) improves clinical outcomes and
reduces unnecessary revascularizations.1,2 On the other hand, al-
though anatomical assessment is also important for PCI procedures,
economic issues and lack of appropriate facilities occasionally do not
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allow the use of both modalities. Optical coherence tomography
(OCT) provides high-resolution images of coronary structures with
excellent reproducibility.3,4 Recently, the OCT-derived FFR—which
is calculated using fluid dynamics—demonstrated a significant correl-
ation with the wire-based FFR.5 The OCT-derived FFR can be calcu-
lated within 3–5 min after completion of OCT in the catheter
laboratory. However, the applicability of the OCT-derived FFR in the
assessment of tandem lesions is currently unclear. Herein, we present
two cases with tandem lesions assessed by the OCT-derived FFR,
showing excellent correlation with the wire-based FFR.

Timeline

Case presentation

Case 1
A 63-year-old male patient with a history of hypertension, dyslipidae-
mia, and diabetes mellitus was admitted to the hospital due to angina
with Canadian Cardiovascular Society (CCS) Class III symptoms, des-
pite treatment with maximal doses of a beta-blocker and nitrates. He
had blood pressure of 110/64 mmHg, heart rate of 64 b.p.m., and
oxygen saturation of 98% on room air. On physical examination, he
had regular cardiac rhythm with normal S1 and S2, with no murmurs
appreciated and clear lungs. Exercise electrocardiography demon-
strated ischaemic ST-segment depression. Coronary angiography
showed the presence of a tandem lesion in the mid segment of the
left anterior descending (LAD) artery (Figure 1A). The proximal sten-
osis was severe, whereas the distal stenosis was intermediate. The
wire-based FFR was performed with an intracoronary injection of
2 mg nicorandil, yielding a value of 0.66 (Figure 1B). Optical coherence
tomography was performed (Figures 1A-1-4) and showed a minimal
lumen area (MLA) of 0.83 mm2 at the proximal lesion and 1.02 mm2

at the distal lesion in the mid LAD artery (Figure 1A-2 and A-3).
Subsequently, the OCT-derived FFR was calculated as previously
reported,5 yielding a value of 0.64. In the absence of stenosis at the
proximal lesion in the mid LAD artery (i.e. successful stenting at the
proximal tandem lesion) (Figure 1A-2), the OCT-derived FFR yielded
a value of 0.79, indicating that additional intervention at the distal le-
sion may be required. A 3.0� 18 mm drug-eluting stent was
implanted in the proximal lesion, followed by post-dilation. The wire-
based FFR was repeated after stenting at the proximal lesion, yielding
a value of 0.79, which was the same to that obtained from the OCT-
derived FFR (Figure 1C and D). Thus, additional stenting was per-
formed at the distal lesion (Figure 1E). The patient was discharged the
following day without any complications or exertional chest pain. He
is asymptomatic at 7-month follow-up.

Case 2
A 71-year-old male patient with CCS Class III angina was admitted to
the hospital despite treatment with maximal doses of a beta-blocker
and nitrates. He had blood pressure of 100/64 mmHg, heart rate of
72 b.p.m., and oxygen saturation of 98% on room air. On physical
examination, he had regular cardiac rhythm with normal S1 and S2,
with no murmurs appreciated and clear lungs. Exercise electrocardi-
ography showed ischaemic ST-segment depression and presence of a
tandem lesion in the mid segment of the LAD artery (Figure 2A). At
the far distal site, the wire-based FFR was 0.76 (Figure 2B). Optical co-
herence tomography was performed (Figures 2A-1-4) and the OCT-
derived FFR yielded a value of 0.76. Considering the absence of sten-
osis in the proximal lesion (Figure 2A-2), the OCT-derived FFR was
estimated as 0.88. After coronary stenting in the proximal lesion, the
wire-based FFR yielded a value of 0.90 (Figure 2C and D). Therefore,
additional intervention to the distal lesion was deferred. The patient
is asymptomatic at 7-month follow-up.

Discussion

The FFR method is currently the gold standard for the physiological
assessment of intermediate coronary lesions, identifying ischaemia-

.................................................................................................
Time Events

Case 1 Five years prior to

admission

Medical history of dyslipidaemia and

hypertension and diabetes mellitus.

Eight months prior to

admission

Patient was suffering from chest pain dur-

ing exercise.

Two months prior to

admission

Exercise-electrocardiography test dem-

onstrated ischaemic ST-segment de-

pression in leads V3–V6.

One month prior to

admission

Coronary angiography was performed.

Tandem lesion in the mid segment of

the left anterior descending (LAD)

was found.

One day after

admission

Optical coherence tomography (OCT)-

guided percutaneous coronary inter-

vention (PCI) was performed.

Case 2 Eight years prior to

admission

Medical history of hypertension.

Five months prior to

admission

Patient was suffering from chest pain dur-

ing exercise.

One months prior

to admission

Exercise-electrocardiography test dem-

onstrated ischaemic ST-segment de-

pression in leads V4–V6.

Two weeks prior to

admission

Coronary angiography was performed.

Tandem lesion in the mid segment of

the LAD was found.

One day after

admission

OCT-guided PCI was performed.

Learning points
• Although physiological and anatomical assessments are import-

ant for coronary revascularization, the use of both modalities
simultaneously in daily clinical practice is challenging.

• Optical coherence tomography (OCT)-derived fractional
flow reserve (FFR), which is calculated using fluid dynamics,
was reported to be able to estimate wire-based FFR in the
non-tandem coronary lesions.

• The present cases indicated that the OCT-derived FFR can es-
timate the wire-based FFR and the severity of each individual
lesion in patients with tandem lesions.
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Figure 1 Coronary angiography of 30 right anterior oblique 30 cranial view (A) and 45 left anterior oblique 20 cranial view (B) showing the pres-
ence of a tandem lesion in the mid segment of the left anterior descending artery. Optical coherence tomography images showed the proximal lesion
in the left anterior descending artery with mild calcified plaque and a reference lumen area of 5.92 mm2 (1), a minimal lumen area of 0.83 mm2 at the
proximal stenosis (2), and a minimal lumen area of 1.02 mm2 at the distal stenosis of the mid left anterior descending artery (3). The distal reference
lumen area was 2.81 mm2 (4). Pressure loss (DP) was calculated from the following equation: DP = FVþ SV2. The F and S were calculated from the
optical coherence tomography data. F is the coefficient of pressure due to viscous friction (Poiseuille resistance), whereas S is the coefficient of local
pressure loss due to abrupt enhancement (flow separation). V represents coronary flow velocity. The F coefficient was calculated as the sum of all
optical coherence tomography slices, which were 100 lm in longitudinal length. In this case, the F was calculated as 0.221 mmHg s/cm. The S coeffi-
cient was calculated using the proximal reference area and minimum lumen area. In this case, the S was calculated as 0.013 mmHg s2/cm2. The stenot-
ic flow reserve in the diastolic phase was calculated using the following formulas: P = 100 - (FVþ SV2), P = 10þ V� (100 - 10)/4.2. The intersection
point of both formulas was defined as the SFR in the diastolic phase. The SFR in the systolic phase was calculated using the following formulas:
P = 100 - (FVþ SV2), P = 10þ V� (100 - 10)/2. The intersection point of both formulas was defined as the SFR in the systolic phase. In this case, the
SFR (diastolic/systolic) was calculated as 2.36/1.56. The pressure loss in the lesion was calculated using the following formula: FVþ SV2. The pressure
loss in the diastolic phase was calculated as follows: 0.224� (20� 2.36)þ 0.013� (20� 2.36)2 = 39.5 mmHg. The pressure loss in the systolic phase
was calculated as follows: 0.224� (10� 1.56)þ 0.013� (10� 1.56)2 = 6.66 mmHg. [(60 - 39.5)�2/3 þ (120 - 6.66)� 1/3]/80 = 0.64. Therefore,
the optical coherence tomography-derived fractional flow reserve yielded a value of 0.64. The wire-based fractional flow reserve was 0.66 (C). In the
absence of stenosis at the proximal lesion in the mid left anterior descending artery, the optical coherence tomography-derived fractional flow re-
serve yielded a value of 0.79. Angiography after stent implantation at the proximal lesion (D). The wire-based fractional flow reserve after stenting
at the proximal lesion was 0.79 (E). Angiography of 30 right anterior oblique 30 cranial view (F) and 45 left anterior oblique 20 cranial view (G) after
additional stenting at the distal segment.

Tandem coronary artery stenosis by intracoronary OCT-derived virtual FFR 3



Figure 2 Coronary angiography of 30 right anterior oblique 30 cranial view (A) and 45 left anterior oblique 20 cranial view (B) showing the pres-
ence of a tandem lesion in the mid segment of the left anterior descending artery. Optical coherence tomography images revealed the presence of a
proximal lesion in the left anterior descending artery without significant plaque (1), a minimal lumen area of 1.07 mm2 at the proximal stenosis (2),
and a minimal lumen area of 1.82 mm2 at the distal stenosis of the mid left anterior descending artery (3). The distal segment had a minimal lumen
area of 3.04 mm2 (4). The wire-based fractional flow reserve was 0.76 (C). Angiography of 30 right anterior oblique 30 cranial view (D) and 45 left an-
terior oblique 20 cranial view (E) after stent implantation in the proximal lesion. The wire-based fractional flow reserve was 0.90 (F).

4 Y. Okuya et al.
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..inducible stenosis which requires revascularization.6 Optical coher-
ence tomography, which has a 10-fold higher spatial resolution than
intravascular ultrasound, enables the anatomical and morphologic
assessments of coronary arteries, providing more accurate lumen
measurements with excellent reproducibility.3,4 Nevertheless, the
use of both modalities in daily clinical practice is challenging. In add-
ition, simple FFR measurements are unable to predict the actual func-
tional severity of each individual stenosis in tandem lesions due to the
mutual flow volume interaction between the stenoses.7 The resting
index (i.e. resting distal coronary pressure to aortic pressure and in-
stantaneous wave-free ratio) is useful for the evaluation of tandem
lesions,8 although it is also influenced by the severity of each sten-
osis.9 Therefore, in clinical practice, the functional severity of each le-
sion may be accurately assessed by the wire-based FFR only after
optimal stenting for the most severe of the two lesions.

Several studies have shown a correlation between the MLA
detected through intravascular imaging devices and the FFR.10,11 The
OCT-derived FFR—considering the MLA, percentage of the area of
stenosis, length of the stenosis, and fluid dynamics—has been
reported to strongly correlate with the wire-based FFR vs. conven-
tional measurements.5 The results of this novel method can be
obtained within a few minutes after completion of OCT.
Theoretically, it is possible to calculate the OCT-derived FFR accur-
ately for tandem lesions without mutual flow volume interaction be-
tween the stenoses. Moreover, as demonstrated in the present cases,
this approach enables us to evaluate the severity of each lesion and
pressure loss, unaffected by another stenosis. In daily clinical practice,
repeated FFR measurements for tandem lesions are usually time-
consuming and costly. The present cases indicated that the OCT-
derived FFR is able to estimate the wire-based FFR and the severity
of each individual lesion in patients with tandem lesions.

Conclusions

The OCT-derived FFR was very useful in assessing the functional se-
verity of coronary tandem lesions, without being influenced by each
stenosis. Thus, the OCT-derived FFR may be useful for the assess-
ment of the functional severity of tandem lesions.
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