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The presence of multiple or serial stenoses
in one coronary artery
is common, and understanding the functional
significance of each coronary lesion is important
for the selection of an appropriate treatment strategy. Although fractional
flow reserve (FFR) is a reliable index for defining
the presence of per-vessel level ischemia, a single
FFR measurement has limitations in predicting the
true functional significance of each lesion in serial
coronary artery stenoses. For example, in a case
involving two stenoses in one coronary artery, the
presence of one lesion decreases the hyperemic
flow across the other lesion, thereby causing an
underestimation of the true pressure difference
across the lesion. Therefore, current practice is to
perform a pullback pressure tracing under stable
hyperemia and revascularize the lesion that causes
a higher change in coronary pressure or FFR across
the lesion, and then measure FFR again to define
the functional significance of the other lesion [1].
Kim et al. [2] reported FFR measurement with
repetitive pullback pressure recordings is safe and
useful in determining the proper target lesions
for revascularization and can reduce unnecessary
intervention in patients with serial stenoses. How-

ever, this method requires
repeated FFR measurements, which is not risk-free, and the functional
significance of residual
lesion cannot be assessed
prior to treatment of the
first lesion. To overcome
these limitations, Pijls et
al. [3] proposed a rather
complex formula to predict the FFR of one lesion in serial stenoses which
requires a coronary wedge pressure (Pw) measurement. Since then, several investigators have
proposed equations to predict true FFR in cases
with serial stenoses (Table 1) [3–6].
In this issue of “Cardiology Journal”, Gutiér
rez-Chico et al. [6] report the performance of
a simplified formula to estimate FFR of each lesion
in serial coronary stenoses that does not require
balloon inflation to measure coronary wedge pressure. This multicenter, prospective pilot study
investigated 36 patients with two serial lesions
with ≥ 50% diameter stenosis and FFR ≤ 0.8. The
authors assumed that Pw could be negligible in
the original Pijls formula [3] and it was substituted
with constant value of 12 mmHg. To compare the
performance of their formula with Pijls et al. [3],
the investigators measured wedge pressure (Pw) in
all patients. This novel and simple formula showed
excellent correlation with the original formula
(R2 = 0.997 for the proximal lesion, R2 = 0.999 for
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Table 1. Formulas for predicting fractional flow reserve of each lesion in serial coronary artery stenoses.
Studies

Subject
number

Predicted FFR after
treatment of one lesion

Predicted vs.
measured FFR

Pijls et al.
[3]

32

Pd – (Pm/Pa) × Pw
(Pm – Pd) × (Pa – Pw)
or 1 –
(Pa – Pm) + (Pd – Pw)
Pa × (Pm – Pw)

R2 = 0.92

Saito et al.
[4]

30

Kweon et al.
[5]

50

Gutiérrez-Chico
et al. [6]

36

Pd – Pw
Pw (Pa – DP – Pd)
+
Pa – DP – Pw
Pa (Pa – DP – Pw)
FFRp –

DFFRp
DFFRd
or FFRp –
1 – 1.33k × DFFRd
1 – 1.33 × DFFRp

Pd – (Pm/Pa) × 12
(Pm – Pd) × (Pa – 12)
or 1 –
(Pa – Pm) + (Pd – 12)
Pa × (Pm – 12)

R2 = 0.97
R2 = 0.92
R2 = 0.72
For Pijls et al.’s formula
R2 = 0.997 for the proximal lesion
R2 = 0.999 for the distal lesion

FFR — fractional flow reserve; Pa — mean aortic pressure; Pm — mean hyperemic coronary pressure between both lesions; Pd — mean
hyperemic coronary distal pressure; Pw — coronary wedge pressure; DP — pressure gradient across on lesion; DFFRd — FFR gradient across
distal lesion; DFFRp — FFR gradient across proximal lesion; k — flow fraction of the distal main branch at the bifurcation point

the distal lesion) and good agreement between predicted and measured FFR (R2 = 0.717). This novel
formula is simple and easy to apply in daily practice,
and the investigators should be commended for
their efforts to develop and validate the concept of
a simple formula. However, this method still needs
to be validated in various coronary anatomies considering the relatively small number of cases in this
pilot study. It should be pointed out that this formula
is based on the assumption of a uniform flow rate
across stenoses, and may be inaccurate in cases with
large side branches between stenoses. In addition,
this formula cannot be applied in cases with high Pw.
Recently, novel methods based on new concepts and technologies were introduced to define
the functional significance of each lesion in serial coronary stenoses. An interesting concept
is using the pressure difference during a resting
condition. As resting coronary flow is stable across
most ranges of stenoses, measurements of resting
pressure gradient, such as instantaneous pressure ratio (iFR) across the lesion, can present the
hemodynamic significance of each stenosis, even
in cases of serial stenoses. In addition, the operators can easily recognize the local hemodynamic
changes in each lesion when pressure pullback data
are combined with angiographic co-registration
technology [7]. Moreover, technological advancements have enabled applying the concept of virtual
stenting using invasive coronary angiography or
coronary computed tomography (CT) angiography
in daily practice [8–10]. With a combination of
coronary imaging and computational fluid dynam-
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ics technologies, measurement of CT-derived or
angiography-derived FFR after virtual stenting
for one lesion can provide functional significance
of residual stenosis. Considering the economic and
operational benefits over other invasive coronary
physiology indexes, these CT- or angiography-derived physiology assessments have the potential for greater adoption in real-world practice.
However, these concepts need further validation in
terms of accuracy and precision of CT-derived and
angiography-derived FFR after virtual stenting.
In the field of coronary physiology, remarkable theoretical and technological breakthroughs
have been achieved over the last 40 years since
the first coronary angioplasty. The same holds
true for evaluating the functional significance of
serial coronary lesions in selecting the appropriate
treatment strategy. Although some obstacles still
remain, the quest to refine assessment methodologies of coronary artery disease continues.
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