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Abstract Fractional flow reserve (FFR) and intra-

vascular imaging respectively provide hemodynamic

and anatomical assessments of angiographic interme-

diate stenoses. Frequency domain optical coherence

tomography (FD-OCT) is a promising high-resolution

imaging modality, but its clinical use in determining

severity of coronary disease has yet to be determined.

There, we set out to determine the role of FD-OCT to

complement FFR in the evaluation of intermediate

coronary artery stenoses. FD-OCT was planned in 176

consecutive interventional procedures at our institu-

tion to delineate the proper use of FD-OCT in clinical

practice. The decision to use other invasive assess-

ments was at the discretion of the operator. This report

describes an early series of the 14 patients who

underwent FFR of 18 target stenoses in addition to

FD-OCT. FD-OCT was successfully performed with-

out complications in all cases. Fractional flow reserve

was \0.80 in four patients, with minimal lumen areas

and reference vessel diameters ranging from 1.03

to 3.47 mm2 and 2.60 to 2.94 mm by FD-OCT,

respectively. FD-OCT was important to rule out

plaque rupture, erosion and thrombosis and to help

guide decision to defer PCI in six patients with acute

coronary syndrome and FFR [ 0.80. FD-OCT was

also valuable to guide PCI strategy in tandem lesions

with an FFR \ 0.80. This initial experience with FD-

OCT suggests a potential complementary role of

physiological and anatomical assessment to guide

decision making in complex clinical scenarios. Future

investigations are warranted to validate these findings

and define the role of FD-OCT in assessing interme-

diate lesions.

Keywords Optical coherence tomography �
Fractional flow reserve � Intermediate coronary artery

stenosis
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FD-OCT Frequency domain optical coherence
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UH-CMC University hospitals case medical center

FDA United States food and drug

administration
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PCI Percutaneous intervention

PSI Pounds per square inch

QCA Quantitative coronary angiography
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DLD Dyslipidemia

PAD Peripheral arterial disease

MI Myocardial infarction

CVA Cerebrovascular accident

CABG Coronary bypass surgery

UA Unstable angina

NSTEMI Non-ST segment myocardial infarction

STEMI ST-segment elevation myocardial

infarction

LAD Left anterior descending coronary artery

LCx Left circumflex coronary artery

RCA Right coronary artery

LM Left main coronary

RLA Reference vessel luminal area (mm2)

mRLA Mean reference vessel luminal area

(mm2)

MLA Minimal luminal area (mm2)

AS Area stenosis (%)

RLD Reference vessel luminal diameter (mm)

mRLD Mean reference vessel luminal diameter

(mm)

MLD Minimal lumen diameter (mm)

DS Diameter stenosis (%) lesion length

(in mm)

Introduction

Coronary angiography is a poor discriminator of

coronary artery disease severity as confirmed by

fractional flow reserve (FFR) and intravascular

ultrasound (IVUS) investigations. These invasive

hemodynamic (FFR) and morphologic (IVUS) diag-

nostic tools have become essential in the catheteri-

zation laboratory to assess intermediate coronary

artery stenoses [1–6]. Frequency domain optical

coherence tomography (FD-OCT) is a new promising

intravascular imaging modality to assess coronary

artery disease in the catheterization laboratory. FD-

OCT employs near-infrared light rather than ultra-

sound to generate vascular images. Lumen and

arterial wall images are acquired at extremely high

speed (100 frames per second) and axial resolution

(10–15 lm), a ten-fold improvement compared to

IVUS [7]. This technology has been tested in vitro

and has shown to provide more accurate and repro-

ducible measurements than IVUS [8].

However, the clinical use of FD-OCT to evaluate

plaque features and severity of lumen stenosis in

conjunction with FFR has yet to be investigated. This

report describes the first series of patients who

underwent simultaneous FD-OCT and FFR evalua-

tion for the assessment of intermediate coronary

artery stenoses.

Methods

The University Hospitals Case Medical Center

OCT Quality Initiative

FD-OCT has been used routinely at the University

Hospitals Case Medical Center (UH-CMC) Catheter-

ization Laboratories since the technology was

approved for clinical use by the FDA in May 2010.

Clinical indications and guidelines for use of this

imaging tool were not well defined; thus, it remained

unclear how to implement OCT into routine practice

and whether this imaging tool would improve

the overall quality of patient care. Therefore, The

University Hospitals Case Medical Center OCT

Quality Initiative (UH-OCT) was launched in Sep-

tember 2010 to collect data regarding implementation

of OCT in routine interventional procedures. This

program was approved by the UH-CMC Institutional

Review Board (IRB). All patients undergoing inter-

ventional coronary procedures were considered for

OCT imaging as part of their clinical care (i.e. 100%

usage). There was no specific selection of patients

representing an ‘‘all-comers, all-indications’’ initia-

tive without comparative groups. Clinically relevant

information was collected prospectively in a custom-

ized questionnaire, which was also reviewed and

approved by the IRB. The goal of the quality

initiative was to assess the use of the new

FD-OCT technology in the cardiac catheterization

laboratory.

The UH-OCT initiative was active for 60 days

(September to November, 2010) and FD-OCT was

considered in 176 consecutive angiography cases in

which intravascular imaging was contemplated for

either diagnostic assessment of an intermediate lesion

or for guidance of percutaneous coronary intervention

(PCI). The present report consists of 15 patients with

19 target moderate stenoses (40–70% stenosis on

angiography) which were assessed by FFR per the
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operator’s discretion. One patient with an FFR [ 0.8

was excluded from the report due to uninterpretable

FD-OCT data. This patient had baseline elevated

creatinine and FD-OCT imaging was not repeated to

avoid additional contrast. There were no specific

guidelines for online interpretation of FD-OCT

images and the decision to intervene on the lesion

was at the discretion of the operator.

Angiographic assessment

All angiograms were performed in at least two

orthogonal views after 100–200 lg intracoronary

injection of nitroglycerin. Digital coronary angio-

grams were analyzed offline with a validated auto-

mated edge detection system (CAAS II, PIE Medical,

Maastricht, The Netherlands). In brief, angiographic

measurements were made during diastole and using

the contrast-filled guiding-catheter for calibration.

The entire segment of interest was selected for

analysis. The location of the lesion in each vessel was

classified by the Coronary Artery Surgery Study

system [9]. Lesion morphology was assessed accord-

ing to the modified American College of Cardiology/

American Heart Association classification system

[10]. The quantitative angiographic parameters eval-

uated were: (1) reference vessel diameter, (2) min-

imal luminal diameter, (3) lesion length, and

(4) percent diameter stenosis, which was determined

as: 100 9 (1-[minimal luminal diameter/reference

vessel diameter]).

OCT procedure

Frequency domain optical coherence tomography

images were acquired with a commercially available

system (C7-XRTM OCT Intravascular Imaging Sys-

tem, St. Jude Medical, St. Paul, Minnesota) after

intracoronary injection of 200 lg of nitroglycerin

through conventional 6F guiding-catheters. A 0.014-

mm guidewire was positioned distally and the OCT

catheter (C7 DragonflyTM, St. Jude Medical, St. Paul,

Minnesota) was advanced to the distal end of the

target lesion. The entire length of the region of

interest was scanned using the integrated automated

pullback device at 20 mm/s. During image acquisi-

tion, coronary blood flow was replaced by continuous

flushing of contrast media with a power injector, in

order to create a virtually blood-free environment.

The flow rate was also decided by the operator, but

ranged from 12 to 20 cc at 3.5–5 cc/s at 400 PSI. All

FD-OCT measurements were performed using pro-

prietary software (St. Jude Medical, St. Paul,

Minnesota).

All images were recorded digitally, stored, and

submitted to the Cardiovascular Imaging Core Lab-

oratory (Harrington McLaughlin Heart and Vascular

Institute, UH-CMC, Cleveland, Ohio) for offline

evaluation and subsequent analysis by 2 independent

investigators (D.C. and G.A.), who were blinded to

the FFR values. When there was discordance between

the observers, a consensus reading was obtained by a

3rd senior expert (H.G.B.). After confirming proper

calibration settings of the Z-offset [7], the longitudi-

nal view was used to identify the region of interest,

and luminal areas and diameters were obtained at

every frame interval (0.2 mm).

The proximal and distal reference luminal areas

and diameters were taken in their respective locations

relative to the lesion where the stenosis transitioned

to a ‘‘normal’’ appearing vessel, before the origin of a

side branch. The mean reference vessel luminal area

(mRLA) and diameter (mRLD) was determined by

averaging the proximal and distal measurements. In

cases in which the proximal or distal reference could

not be established due to the lesion being at an ostium

or a stent edge, the mRLA/mRLD was taken as the

proximal or distal available reference. The minimal

luminal area (MLA) and the minimal luminal diam-

eter (MLD) were identified within the lesion and the

respective percent stenosis was defined by: [(mRLA-

MLA)/mRLA] 9 100 and [(mRLD-MLD)/mRLD] 9

100. Lesion length was measured as the distance

between the segments taken for the proximal and

distal references. Lesions were classified as fibrotic,

calcified, mixed (features of both fibrotic and calcific

plaque), or in-stent restenosis.

FFR procedure

Fractional flow reserve was measured with a coronary

pressure guidewire (PressureWireTM Certus, St. Jude

Medical, St. Paul, Minnesota) at maximal hyperemia

induced by intravenous adenosine, which was admin-

istered at a rate of 140 lg per kilogram of body

weight per minute. FFR was calculated as the mean

distal coronary pressure (measured with the pressure
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wire) divided by the mean aortic pressure (measured

simultaneously with the guiding catheter) after 2 min

of adenosine infusion.

Statistical analysis

Continuous variables are presented as means ± stan-

dard deviation and categorical variables are presented

as the percentage of the group total. Pearson corre-

lation coefficients were employed to analyze corre-

lations between FFR values and pertinent FD-OCT

variables.

Results

Frequency domain optical coherence tomography and

FFR procedures were performed in all attempted

cases without complication. OCT provided optimal

visualization in 95% (18/19) of target segments. The

primary indications for lesion assessment were inter-

mediate angiographic stenosis in patients with stable

angina (47%) and acute coronary syndrome (ACS)

(53%). One patient presenting with an NSTEMI was

evaluated following intervention of the culprit lesion

due to an intermediate lesion distal to the stented

segment. Target vessels were left anterior descending

artery (72%), left circumflex artery (11%), right

coronary artery (11%), and left main (6%). There

were 4 lesions (22%) which had an FFR \ 0.80, all

of which were intervened upon. The minimal lumen

area and reference vessel luminal diameter ranged

from 1.03 to 3.47 mm2 and 2.60 to 2.94 mm by FD-

OCT, respectively, in these patients.

Comprehensive data on clinical characteristics,

physiology, FD-OCT, angiography and clinical man-

agement of each patient and target lesion are

displayed in Table 1. There was no significant

correlation between FFR and the FD-OCT variables

of MLA, MLD, area stenosis, and diameter stenosis

(Table 2).

One patient presented with a chest pain syndrome

in the setting of emotional distress and was found to

have a mild troponin elevation along with apical

ballooning on echocardiography suggestive of Tak-

otsubo cardiomyopathy. She had an intermediate

angiographic stenosis (50% on visual angiography,

37% on QCA) that was evaluated by FFR and FD-

OCT. PCI was deferred based on an FFR of 0.89 and

FD-OCT was performed to rule out plaque rupture

and to better define anatomical stenosis. FD-OCT

showed a stable mixed (predominantly fibrous)

plaque without signs of rupture or erosion with an

MLA of 2.58 mm2 (Fig. 1) and no intraluminal

thrombus. Interestingly, there were no signs of plaque

rupture, erosion, or thrombus in the target vessels of

the 6 patients presenting with ACS, who also had

FFR [ 0.8.

Three patients were noted to have angiographic

multiple (tandem) lesions involving the proximal and

mid left anterior descending artery. Two of these

patients had an FFR \ 0.80 across the distal lesion.

The complementary use of physiological and ana-

tomical assessment in one of these patients is

illustrated in Fig. 2. In the other patient, FFR was

0.76 across the distal lesion and upon pullback

increased to 0.85 at the proximal segment. FD-OCT

revealed a large MLA of 5.75 mm2 of the proximal

stenosis with an area stenosis of 26%. The distal

lesion showed an MLA of 1.86 mm2 with an area

stenosis of 70% and the decision was made to limit

intervention to the distal lesion. The third patient had

an FFR of 0.82 across the distal lesion. FD-OCT

demonstrated an MLA of 4.11 mm2 with an area

stenosis of 51% of the proximal lesion and an MLA

of 2.92 mm2 with an area stenosis of 30% in the

distal stenosis. Given the composite FFR and FD-

OCT data, PCI was deferred in this patient.

Discussion

This report provides the first description of the use of

FD-OCT to assess intermediate lesions in association

with FFR. This early experience provides important

clinical insights on the potential future use of FD-

OCT to assess intermediate coronary stenoses and

warrants investigations to define the precise role of

this new imaging tool in guiding decision making in

the catheterization laboratory.

The first observation that emerged was that FFR,

in spite of the availability of FD-OCT imaging in all

patients, was used for decision-making in all patients

with angiographically intermediate stenoses, repre-

senting 10% of the procedures performed in our

institution during the UH-OCT Quality Initiative.

While these indications for use of FFR reflect current

practice standards and are supported by extensive

302 Int J Cardiovasc Imaging (2011) 27:299–308

123



T
a

b
le

1
C

o
m

p
re

h
en

si
v

e
d

at
a

o
n

cl
in

ic
al

ch
ar

ac
te

ri
st

ic
s,

F
F

R
,

F
D

-O
C

T
,

Q
C

A
an

d
cl

in
ic

al
d

ec
is

io
n

m
ak

in
g

P
at

ie
n

t
In

fo
rm

at
io

n
S

te
n

o
si

s
D

at
a

F
F

R
F

D
-O

C
T

D
at

a

P
at

ie
n

t
#

A
g

e/
S

ex
P

as
t

M
ed

ic
al

H
is

to
ry

C
li

n
ic

al

P
re

se
n

ta
ti

o
n

V
es

se
l

C
A

S
S

T
an

d
em

L
es

io
n

P
ro

x
im

al

R
L

A

D
is

ta
l

R
L

A

m
R

L
A

M
L

A
A

S
P

ro
x

im
al

R
L

D

D
is

ta
l

R
L

D

1
*

6
7

/M
H

T
N

,
sm

o
k

in
g

,
P

A
D

,
P

C
I

S
ta

b
le

an
g

in
a

L
A

D

L
A

D

1
4

1
2

Y
es

0
.6

8

0
.8

5

7
.2

7

7
.3

5

3
.6

4

7
.0

4

5
.4

6

7
.2

1
.0

3

4
.3

0

8
1

4
0

3
.0

4

3
.0

1

2
.1

5

2
.9

9

2
6

4
/m

H
T

N
,

D
M

,
D

L
D

,
sm

o
k

in
g

,
M

I,
C

V
A

,
P

C
I

S
ta

g
ed

P
C

I
L

A
D

1
2

N
o

0
.7

3
7

.4
5

6
.4

6
6

.9
6

3
.4

7
5

0
3

.0
1

2
.8

6

3
*

7
5

/M
H

T
N

,
D

L
D

,
M

I,
P

C
I

U
A

L
A

D

L
A

D

1
4

1
2

Y
es

0
.7

6

0
.8

5

7
.5

4

7
.7

8

4
.7

3

–

6
.1

4

7
.7

8

1
.8

6

5
.7

5

7
0

2
6

3
.0

9

3
.0

9

2
.4

5

–

4
6

3
/F

H
T

N
,

sm
o

k
in

g
S

ta
b

le
an

g
in

a
L

A
D

1
3

N
o

0
.7

8
7

.2
5

6
.1

7
6

.7
1

3
.3

5
5

0
3

.0
2

2
.8

5
*

5
5

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
U

A
L

A
D

L
A

D

1
3

1
2

Y
es

n
/a

0
.8

2

4
.3

8

8
.4

4

3
.9

2

8
.2

2

4
.1

5

8
.3

3

2
.9

2

4
.1

1

3
0

5
1

2
.3

6

3
.2

6

2
.2

5

3
.2

2

6
5

7
/M

H
T

N
,

D
M

,
D

L
D

,
P

A
D

S
ta

b
le

an
g

in
a

L
A

D
1

2
N

o
0

.8
2

9
.5

5
8

.8
6

9
.2

1
3

.2
5

6
5

3
.4

7
3

.3
5

7
7

1
/F

H
T

N
,

D
L

D
U

A
L

A
D

1
3

N
o

0
.8

3
4

.0
9

5
.2

6
4

.6
8

2
.5

9
4

5
2

.2
7

2
.5

8

8
7

9
/M

H
T

N
,

D
M

,
sm

o
k

in
g

,
E

F
3

5
,

M
I,

C
A

B
G

U
A

L
M

1
1

N
o

0
.8

5
1

9
.2

3
–

1
9

.2
3

9
.0

4
5

3
4

.9
3

–

2
�

6
4

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

M
I,

C
V

A
,

P
C

I
N

S
T

E
M

I:
le

si
o

n

p
o

st
-P

C
I

L
C

x
1

9
N

o
0

.8
9

–
5

.9
5

5
.9

5
3

.1
3

4
7

–
2

.7
3

9
7

2
/F

N
o

n
e

‘‘
N

S
T

E
M

I’
’:

??
T

ak
o

ts
u

b
o

ca
rd

io
m

y
o

p
at

h
y

L
A

D
1

2
N

o
0

.8
9

–
7

.6
3

7
.6

3
2

.5
8

6
6

3
.2

2
2

.7
1

1
0

3
9

/F
H

T
N

,
D

L
D

,
sm

o
k

in
g

S
ta

b
le

an
g

in
a

R
C

A
1

N
o

0
.9

3
8

.3
9

8
.6

8
8

.5
4

5
.9

6
3

0
3

.2
6

3
.3

2

1
1

5
8

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
S

ta
b

le
an

g
in

a
L

C
x

1
9

N
o

0
.9

4
6

.4
6

6
.8

6
6

.6
6

4
.4

2
3

4
2

.8
5

2
.9

5

1
2

7
2

/M
H

T
N

,
D

L
D

,
sm

o
k

in
g

S
ta

b
le

an
g

in
a

L
A

D
1

2
N

o
0

.9
4

7
.3

9
7

.2
4

7
.3

2
2

.3
7

6
8

3
.0

6
3

.0
3

1
3

7
2

/F
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
U

A
L

A
D

1
2

N
o

0
.9

6
–

–
–

2
.1

9
–

–
–

1
4

5
5

/F
H

T
N

,
sm

o
k

in
g

,
p

ri
o

r
M

I,
P

C
I

S
ta

b
le

an
g

in
a

R
C

A
2

N
o

0
.9

6
–

5
.0

3
5

.0
3

1
.9

5
6

1
–

2
.5

3

P
at

ie
n

t
In

fo
rm

at
io

n
F

D
-O

C
T

D
at

a
Q

C
A

D
at

a
M

an
ag

em
en

t

P
at

ie
n

t
#

A
g

e/
S

ex
P

as
t

M
ed

ic
al

H
is

to
ry

C
li

n
ic

al

P
re

se
n

ta
ti

o
n

m
R

L
D

M
L

D
D

S
L

es
io

n

L
en

g
th

L
es

io
n

ch
ar

ac
te

ri
st

ic
s

A
C

C
/A

H
A

cl
as

si
fi

ca
ti

o
n

R
V

D
M

L
D

D
S

L
es

io
n

L
en

g
th

1
*

6
7

/M
H

T
N

,
sm

o
k

in
g

,
P

A
D

,
P

C
I

S
ta

b
le

an
g

in
a

2
.6

3

1
.0

3

1
.6

3

6
0

4
6

[
4

5

6
.8

C
al

ci
fi

ed

M
ix

ed

C A

1
.7

7

2
.6

2

0
.9

8

1
.5

6

4
5

4
1

5
9

.7
2

4
.6

3

P
C

I

D
ef

er

2
6

4
/m

H
T

N
,

D
M

,
D

L
D

,
sm

o
k

in
g

,

M
I,

C
V

A
,

P
C

I

st
ag

ed
P

C
I

2
.9

4
1

.8
3

9
1

0
.7

F
ib

ro
ti

c
A

3
.3

1
1

.7
5

4
7

9
.9

4
P

C
I

3
*

7
5

/M
H

T
N

,
D

L
D

,
M

I,
P

C
I

U
A

2
.7

7

3
.0

9

1
.3

1

2
.1

9

5
3

2
9

1
3

.2

5
.5

C
al

ci
fi

ed

C
al

ci
fi

ed

B
1

B
1

2
.2

5

2
.6

5

1
.6

7

1
.8

8

2
6

2
9

8
.7

9

8
.0

4

P
C

I

D
ef

er

Int J Cardiovasc Imaging (2011) 27:299–308 303

123



T
a

b
le

1
co

n
ti

n
u

ed

P
at

ie
n

t
In

fo
rm

at
io

n
F

D
-O

C
T

D
at

a
Q

C
A

D
at

a
M

an
ag

em
en

t

P
at

ie
n

t

#

A
g

e/

S
ex

P
as

t
M

ed
ic

al
H

is
to

ry
C

li
n

ic
al

P
re

se
n

ta
ti

o
n

m
R

L
D

M
L

D
D

S
L

es
io

n

L
en

g
th

L
es

io
n

ch
ar

ac
te

ri
st

ic
s

A
C

C
/A

H
A

cl
as

si
fi

ca
ti

o
n

R
V

D
M

L
D

D
S

L
es

io
n

L
en

g
th

4
6

3
/F

H
T

N
,

sm
o

k
in

g
st

ab
le

an
g

in
a

2
.9

1
1

.7
9

3
8

2
6

.8
F

ib
ro

ti
c

C
2

.5
1

.6
4

3
5

2
7

.6
P

C
I

5
*

5
5

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
U

A
2

.3
1

3
.2

4

1
.9

1

2
.2

2

1
7

3
1

8
.9

7
.7

F
ib

ro
ti

c

M
ix

ed

B
1

B
1

2
.1

4

3

1
.3

4

2
.0

1

3
7

3
3

1
2

.9
3

7
.0

8

D
ef

er

D
ef

er

6
5

7
/M

H
T

N
,

D
M

,
D

L
D

,
P

A
D

st
ab

le
an

g
in

a
3

.4
1

1
.7

5
0

7
.3

M
ix

ed
B

1
2

.4
3

1
.8

1
2

5
5

.3
4

D
ef

er

7
7

1
/F

H
T

N
,

D
L

D
U

A
2

.4
3

1
.4

3
4

1
8

.5
C

al
ci

fi
ed

B
1

2
.5

5
1

.7
1

3
3

1
1

.2
9

D
ef

er

8
7

9
/M

H
T

N
,

D
M

,
sm

o
k

in
g

,
E

F
3

5
,

M
I,

C
A

B
G

U
A

4
.9

3
2

.4
6

5
0

5
.8

F
ib

ro
ti

c
B

2
5

.0
1

2
.6

2
4

8
7

.5
3

D
ef

er

2
�

6
4

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

M
I,

C
V

A
,

P
C

I

N
S

T
E

M
I:

le
si

o
n

p
o

st
-P

C
I

2
.7

3
1

.4
3

4
8

3
.6

F
ib

ro
ti

c
C

2
.1

8
1

.3
2

3
9

2
4

.0
9

D
ef

er

9
7

2
/F

N
o

n
e

‘‘
N

S
T

E
M

I’
’:

??
T

ak
o

ts
u

b
o

ca
rd

io
m

y
o

p
at

h
y

2
.9

7
1

.6
3

4
5

2
3

.2
M

ix
ed

B
1

2
.5

5
1

.6
1

3
7

1
0

.1
8

D
ef

er

1
0

3
9

/F
H

T
N

,
D

L
D

,
sm

o
k

in
g

st
ab

le
an

g
in

a
3

.2
9

2
.6

2
1

4
.8

F
ib

ro
ti

c
A

3
.0

8
2

.1
6

3
0

8
.1

4
D

ef
er

1
1

5
8

/M
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
st

ab
le

an
g

in
a

2
.9

2
.2

6
2

2
4

.4
F

ib
ro

ti
c

B
1

2
.7

2
1

.6
9

3
8

8
.1

1
D

ef
er

1
2

7
2

/M
H

T
N

,
D

L
D

,
sm

o
k

in
g

st
ab

le
an

g
in

a
3

.0
5

1
.5

9
4

8
1

8
.4

F
ib

ro
ti

c
B

1
2

.2
4

0
.9

4
5

8
1

7
.5

8
D

ef
er

1
3

7
2

/F
H

T
N

,
D

M
,

D
L

D
,

sm
o

k
in

g
,

P
C

I
U

A
–

1
.5

4
–

1
0

.1
C

al
ci

fi
ed

B
1

2
.2

6
1

.3
9

3
8

8
.3

7
D

ef
er

1
4

5
5

/F
H

T
N

,
sm

o
k

in
g

,
p

ri
o

r
M

I,
P

C
I

st
ab

le
an

g
in

a
2

.5
3

1
.3

6
4

6
9

.8
IS

R
B

1
2

.2
9

1
.5

8
3

1
1

1
.4

1
P

C
I

H
T

N
h

y
p

er
te

n
si

o
n

,
D

M
d

ia
b

et
es

,
D

L
D

d
y

sl
ip

id
em

ia
,

P
A

D
p

er
ip

h
er

al
ar

te
ri

al
d

is
ea

se
,

M
I

m
y

o
ca

rd
ia

l
in

fa
rc

ti
o

n
,

C
V

A
ce

re
b

ro
v

as
cu

la
r

ac
ci

d
en

t,
P

C
I

p
er

cu
ta

n
eo

u
s

in
te

rv
en

ti
o

n
,

C
A

B
G

p
ri

o
r

b
y

p
as

s
su

rg
er

y
,

U
A

u
n

st
ab

le
an

g
in

a,
N

S
T

E
M

I
n

o
n

-S
T

se
g

m
en

t
m

y
o

ca
rd

ia
l

in
fa

rc
ti

o
n

,
S

T
E

M
I

S
T

-s
eg

m
en

t
el

ev
at

io
n

M
I,

L
A

D
le

ft
an

te
ri

o
r

d
es

ce
n

d
in

g
co

ro
n

ar
y

ar
te

ry
,

L
C

x
le

ft
ci

rc
u

m
fl

ex
co

ro
n

ar
y

ar
te

ry
,

R
C

A
ri

g
h

t
co

ro
n

ar
y

ar
te

ry
,

L
M

le
ft

m
ai

n
co

ro
n

ar
y

ar
te

ry
,

F
F

R
fr

ac
ti

o
n

al
fl

o
w

re
se

rv
e,

R
L

A
re

fe
re

n
ce

v
es

se
l

lu
m

in
al

ar
ea

(m
m

2
),

m
R

L
A

m
ea

n
re

fe
re

n
ce

v
es

se
l

lu
m

in
al

ar
ea

(m
m

2
),

M
L

A
m

in
im

al
lu

m
in

al
ar

ea
(m

m
2
),

A
S

ar
ea

st
en

o
si

s
(%

),
R

L
D

re
fe

re
n

ce
v

es
se

l
lu

m
in

al
d

ia
m

et
er

(m
m

),
m

R
L

D
re

fe
re

n
ce

v
es

se
l

lu
m

in
al

d
ia

m
et

er
(m

m
),

M
L

D
m

in
im

al
lu

m
en

d
ia

m
et

er
(m

m
),

D
S

d
ia

m
et

er
st

en
o

si
s

(%
),

le
si

o
n

le
n

g
th

(i
n

m
m

),
IS

R
in

-s
te

n
t

re
st

en
o

si
s,

D
ef

er
:

n
o

P
C

I
p

er
fo

rm
ed

to
le

si
o

n

1
*

,
3

*
,

5
*

:
p

at
ie

n
ts

w
it

h
ta

n
d

em
le

si
o

n
s

in
v

es
se

l
an

d
h

en
ce

tw
o

ro
w

s
o

f
d

at
a

(o
n

e
fo

r
ea

ch
le

si
o

n
)

ar
e

li
st

ed

2
�:

p
at

ie
n

t
is

li
st

ed
o

n
ta

b
le

tw
ic

e
as

h
ad

le
si

o
n

s
in

se
p

ar
at

e
v

es
se

ls
ev

al
u

at
ed

at
d

if
fe

re
n

t
ti

m
e

p
o

in
ts

304 Int J Cardiovasc Imaging (2011) 27:299–308

123



outcome data provided by the DEFER, FAME, and

PHANTOM trials [1–3], it also reveals that morpho-

logical assessment, even if provided at 15-lm resolu-

tion with optimal visualization and quantification of

minimal luminal area, does not eliminate the need for

assessment of ‘‘physiology’’ at the present time.

The use of an IVUS MLA of 4.0 mm2 as a ‘‘cut-

off’’ to perform or defer PCI has become common

practice. The original study indeed reported that

deferring intervention in an MLA [ 4.0 mm2 had

similar event rates as those who had PCI deferred

based on physiological data [4]. However, this

observation does not warrant intervening on stenoses

with a MLA \ 4.0 mm2. A composite of percent area

stenosis [ 70%, an MLD B 1.8 mm, an MLA B

4.0 mm2 and a lesion length [ 10 mm on IVUS has

been well correlated with functionally significant

intermediate stenosis, but the use of an MLA B

4.0 mm2 alone has a sensitivity of 92% and specific-

ity of 56% to predict an FFR of \ 0.75 [5]. This lack

of specificity leads to over-performance of PCI when

Table 2 Correlation between FFR values and lesion mor-

phometric quantitative parameters by OCT and angiography

Pearson

correlation

coefficient

95% CI of

correlation

coefficient

P value to test

correlation

coefficient = 0

MLA (OCT) 0.167 (-0.378, 0.626) 0.560

AS (OCT) -0.424 (-0.779, 0.137) 0.133

MLD (OCT) 0.293 (-0.258, 0.700) 0.297

DS (OCT) -0.430 (-0.782, 0.131) 0.128

MLD (QCA) 0.025 (-0.493, 0.531) 0.930

DS (QCA) 0.006 (-0.508, 0.517) 0.984

Fig. 1 Representative case of a 72-year-old female who

presented with a non-ST elevation myocardial infarction. Her

presentation was initiated in the setting of emotional stress and

her echocardiogram showed apical ballooning suggestive of

Takotsubo cardiomyopathy. The angiogram (A, B) did not

show significant disease in either the RCA (not shown) or LCx.

C shows the 3-D reconstruction by FD-OCT of the region of

interest, with the numbered dashed yellow lines representing

the same regions identified in the angiograms. The origins of

both the LCx (arrow) as well as the diagonal branch (dashed
arrow) can be readily depicted. D, E show FD-OCT cross-

sectional images of the points of interest with their respective

lumen area values. Although FD-OCT revealed a relatively

extensive diseased segment in the proximal LAD, and minimal

lumen area of 2.58 mm2, no signs of plaque instability were

noticeable. A variety of plaque composition was noticed,

predominantly lipidic (D2, D3), and calcified (marked by

asterisk in D4). Normal distal reference is also illustrated (D1).

The FFR value obtained distal to this segment was 0.89. Based

on the composite of the above results, percutaneous interven-

tion was deferred. RCA right coronary artery, LCx left

circumflex artery, LAD left anterior descending artery, FD-

OCT frequency domain optical coherence tomography, FFR
fractional flow reserve; LV left ventricle, MLA minimal lumen

area (mm2), LA lumen area (mm2)
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using anatomical parameters to assess an intermedi-

ate stenosis [6]. An MLA of \ 3.0 mm2 can increase

the specificity of IVUS to 92% to demonstrate a

functionally significant lesion by FFR at the expense

of sensitivity (83%) [11]. Furthermore, a fixed cutoff

value for MLA by IVUS is not applicable for

different vessel sizes, such as in the left main

coronary artery or small vessels [3, 12].

It is also important to notice that luminal sizing

between OCT and IVUS are not necessarily equiv-

alent [13, 14]. Luminal areas measured by IVUS have

been shown to be larger than those measured by

previous generation time-domain OCT systems, even

when a non-occlusive pullback technique was used

[15]. Our data, by means of a well controlled

phantom model, suggest that FD-OCT and IVUS

have a good correlation for luminal area measure-

ments, which also showed better reproducibility by

FD-OCT measurements [8].

There were 11 patients with single stenosis with an

FFR [ 0.80. It should not be surprising that single

stenoses with FFR [ 0.80 had a wide range of MLA

from 1.95 to 9.04 mm2 in our patients. Indeed, we

could not observe any significant correlation between

physiologic assessment by FFR and morphologic

quantitative parameters by OCT.

Fig. 2 Representative case of a patient who presented with

stable angina found to have tandem stenoses in the LAD. RAO

cranial view (A) demonstrated diffuse disease in the mid to distal

segments of the LAD and in the RAO caudal projection (B),

one can identify a focal lesion in its proximal segment. C shows

FD-OCT images of different points along the LAD in

correspondence to the numbered dashed yellow lines from the

angiographic pictures. The bottom arrow in the panel shows the

distance from the LAD ostium. The MLA was 1.03 mm2 (C1).

Images (C2) and (C3) demonstrate calcified (asterisk) lesions. In

the proximal LAD segment, one can identify a ‘‘non-diseased’’

segment (C5) followed by the proximal stenosis, which

presented a lumen area of 4.30 mm2. The FFR value distal to

the whole segment of disease was 0.68. However, the FFR

evaluation of the proximal lesion was 0.85. Based on these

results, the decision was to limit intervention to the lesions

located on the mid to distal portions of the LAD. Picture

(D) exhibits the control angiography after the aforementioned

treatment. E represents FD-OCT images post-treatment. In (E7)

it was observed a significant stenosis distal to the stented segment

(MLA 1.89 mm2). One can observe that along the entire treated

segment (E8–12) that the stents are well expanded and apposed,

including the overlapping regions (E9 and E11). Repeat FFR of

the lesion distal to the stented segment was 0.71, which prompted

subsequent intervention to that lesion (not shown). LAD left

anterior descending artery, RAO right anterior oblique, FD-OCT
frequency domain optical coherence tomography, MLA
minimal lumen area, FFR fractional flow reserve, LA lumen

area, SA stent area
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Normal FFR values can also result from poor

response to adenosine such as in patients with

microvascular disease [16] despite the presence of

anatomically significant disease. However, the treat-

ment of these lesions are unlikely to improve

myocardial perfusion. Whether FD-OCT and FFR

can have a complimentary role in the diagnosis of

microvascular disease and guidance of future thera-

peutic strategies remains to be investigated. There

was only one case in which the physician decided to

proceed with PCI based on the FD-OCT data and

clinical grounds, despite an FFR of [0.80. This

patient was admitted with chest pain and had in-stent

restenosis with an MLA of 1.95 mm2.

Nonetheless, the availability of both physiology

and anatomical data provided by FFR and FD-OCT

was extremely valuable for decision making in this

series. The adjunctive use of both technologies was

most useful to guide intervention in patients with

multiple stenoses because of the difficult in defining

which lesion to treat based on FFR values alone, as

illustrated in Fig. 2. Serial stenoses within a vessel

have been shown to pose a physiologic challenge and

FFR may underestimate the true functional signifi-

cance of both the proximal and distal lesions [17].

There are no clear guidelines on how to manage

multiple lesions with a positive FFR in the distal

segment, particularly if a similar drop in pressure

gradient is observed across both stenoses. In 2 cases

in the present series, FD-OCT was important to

identify the non-critical MLA in the proximal

stenoses leading to selective intervention of the distal

stenosis and optimization of the stent deployment

procedure.

Frequency domain optical coherence tomography

was also invaluable in the setting of ACS and a

negative FFR to evaluate any feature of plaque

instability (rupture, erosion, or presence of throm-

bus). OCT is superior to IVUS for detection of lipid

plaque, intracoronary thrombus, plaque rupture, and

fibrous cap erosion [18]. Somewhat surprising was

the fact that none of the ACS patients had plaque

rupture or erosion depicted by FD-OCT in the

suspected ‘‘culprit’’ vessel. These findings suggest

the importance of morphological evaluation when

there is a high clinical suspicion for plaque rupture,

particularly because the use of FFR in the acute phase

of ACS is not well established [19].
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