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Abstract Fractional flow reserve (FFR) is an index for

identifying functionally significant stenotic lesions. A FFR

value of B0.75 is considered clinically significant and

indicative of physiological ischemia. Focal lesions with

30–80 % stenosis by angiography with lesion lengths of

less than 20 mm were selected from left anterior

descending arteries of 74 patients. The analysis for the total

lesion was processed first, and then each lesion was divided

into three segments to assess the each segment. Data on

plaque geometry and composition of two FFR groups,

FFR B 0.75 and FFR[ 0.75, were compared by total and

segmental analysis. Lesions with FFR B 0.75 had more

fibrofatty tissue (13.5 ± 7.4 vs. 10.2 ± 6.5 %, p = 0.05)

and less dense calcium (7.2 ± 5.3 vs. 11.9 ± 7.5 %,

p = 0.01) compared to lesions with FFR[ 0.75. The

content of necrotic core in mid segments was higher

compared to proximal and distal segments (22.9 ± 10.6,

20.2 ± 10.9, 17.1 ± 11.2 %, respectively, p = 0.032) in

lesions with FFR[ 0.75 but the difference was less obvi-

ous in lesions with FFR B 0.75 (17.9 ± 9.9, 18.7 ± 9.9,

15.8 ± 9.0 %, respectively, p = 0.533). Coronary lesions

with FFR[ 0.75 have larger content of dense calcium and

slightly less fibrofatty tissue compared to lesions with

FFR B 0.75. While segmental plaque compositions for

each segment show noticeable variations in lesions with

FFR[ 0.75 such as high concentrations of necrotic core in

mid segment, these differences in each segment become

obscure in FFR B 0.75 and are evenly distributed across

the lesion.
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ACS Acute coronary syndrome

CaFA Calcified fibroatheroma

CaTCFA Calcified thin-cap fibroatheroma

DC Dense calcium

DS Diameter stenosis

FA Fibroatheroma

FF Fibrofatty tissue

FFR Fractional flow reserve

FC Fibrocalcific plaque

FI Fibrotic plaque

FT Fibrous tissue

LA Lumen area

LAD Left anterior descending

LL Lesion length

MACE Major adverse cardiac events
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MLA Minimum lumen area

MLD Minimum lumen diameter

NC Necrotic core

PCI Percutaneous coronary intervention

PIT Pathological intimal thicknening

QCA Quantitative coronary angiography

ROC Receiver operating characteristic

RVD Reference vessel diameter

TCFA Thin-cap fibroatheroma

VH-IVUS Virtual histology intravascular ultrasound

Introduction

While the physiological significance of coronary artery

stenosis can be assessed using fractional flow reserve

(FFR), coronary plaques at high risk of rupture and clinical

events can be identified by virtual histology intravascular

ultrasound (VH-IVUS) as plaques with high amounts of

necrotic core abutting the lumen. The FIRST trial was

performed to assess the correlation between FFR, IVUS

and VH-IVUS for intermediate coronary lesions, and

showed that anatomic measurements using IVUS such as

the minimum lumen area (MLA) correlates well with FFR,

however plaque morphological characteristics did not [1].

Plaque ruptures occur not only in patients with acute

coronary syndrome (ACS) but also in non-ACS cases and

in asymptomatic patients, and this implies that not all

plaque ruptures result in acute events [2]. Therefore,

assessment of plaque composition at non-MLA sites is just

as important as MLA sites. Brugaletta et al. [3] studied the

geometry and composition of lesions with FFR B 0.80 and

found that they did not differ in composition to lesions with

FFR[ 0.80, despite the FFR B 0.80 lesions having larger

plaque size. Thus, the correlation between FFR and plaque

composition still remains uncertain and a different

approach is required to clarify this relationship by focusing

on segmentalized lesion as well as the whole atheroscle-

rotic lesion. Therefore, the objectives of this study were to

compare geometry and composition findings with FFR and

to assess its relationship by investigating plaque morphol-

ogy and composition through both total and segmental

analyses of coronary artery lesions.

Methods

Patient population

Between June 2011 and August 2014, 74 moderate coro-

nary lesions from 74 patients were assessed with quanti-

tative coronary angiography (QCA), IVUS, VH-IVUS and

FFR for functional, morphological and compositional

lesion characteristics. All patients presenting with angina

excluding ST-segment elevation myocardial infarction

(STEMI) were examined. The visual assessment of diam-

eter stenosis (DS) from the angiograms was conducted for

the classification. Both culprit and non-culprit lesions were

examined and only left anterior descending (LAD) lesions

with a DS less than 80 % were included in the study. Focal

lesions not exceeding a lesion length of 20 mm from LAD

artery were selected for inclusion. Exclusion criteria was a

left ventricular ejection fraction\30 %, acute myocardial

infarction, left main disease, chronic total occluded lesions,

heavily calcified or thrombotic lesions, life expectancy

\1 year and known chronic kidney disease (crea-

tinine[ 2 mg/dL). This study was carried out according to

the Declaration of Helsinki guidelines and was approved

by the Institutional Review Board ethics committee at

Ulsan University Hospital. All enrolled patients provided

written informed consent.

QCA analysis

Two-dimensional QCA was performed using dedicated

software packages (CASS 5.9; Pie Medical Imaging,

Maastricht, Netherlands). The reference vessel diameter

(RVD), minimum lumen diameter (MLD), DS and lesion

length (LL) were measured by an experienced, independent

investigator who was blinded to the FFR, VH-IVUS and

clinical data.

IVUS and VH-IVUS

IVUS images were recorded using a 2.9F Eagle Eye

catheter (Volcano Corp., Rancho Cordova, California) and

incorporated a 20-MHz phased-array transducer. The

catheter was pulled back with an automated pullback sys-

tem at 0.5 mm/s. All measurements were performed after

the administration of 200 lg intracoronary nitroglycerin.

Geometric quantitative IVUS analyses were performed

according to criteria from the IVUS clinical expert con-

sensus document [4]. VH-IVUS images were analyzed

using pcVH 2.2 software (Volcano Therapeutics, Rancho

Cordova, California, USA) by another independent inves-

tigator who was blinded to the clinical characteristics of the

participants. Volumetric VH-IVUS data of the geometric

and compositional data were automatically generated for

the analyzed segment based on the application of the

trapezium method to the cross-sectional area [5]. Four

tissue components—fibrous tissue (FT), fibrofatty tissue

(FF), necrotic core (NC) and dense calcium (DC) were

identified from VH-IVUS and both mean area and the

relative volume of each component were calculated.
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Lesions were classified into pathological intimal thickening

(PIT; intimal thickening C600 lm for[20 % of the cir-

cumference with[15 % FF and no confluent NC or DC),

fibrotic plaque (FI; consisting of FT without confluent NC

or DC), fibrocalcific plaque (FC; DC[ 10 % without

confluent NC), fibroatheroma (FA; NC[ 10 % with a

layer of fibrous tissue), calcified fibroatheroma (CaFA; FA

with DC[ 10 %), thin-cap fibroatheroma (TCFA;

NC[ 10 % in direct contact with the lumen), or calcified

thin-cap fibroatheroma (CaTCFA; TCFA with

DC[ 10 %) [6] by two experienced, independent

investigators.

FFR measurement

The FFR measurements were done according to current

guidelines [7]. After the administration of nitroglycerin, a

0.014 inch pressure monitoring guidewire (PressureWire

Certus, St. Jude Medical, Uppsala, Sweden) through a 6F

or 7F guiding catheter was advanced past the lesion far

distally. Maximal hyperemia was induced by administering

intravenous adenosine (140 lg/kg/min) or intracoronary

nicorandil (2 mg) [8]. The FFR was calculated by dividing

the mean distal coronary pressure by the mean aortic

pressure during hyperemia. Normally, FFR measurements

are obtained just distal (2–3 cm) to the lesion but in this

study, the FFR was measured far distal to the lesion for the

detection of a true ischemic lesion. It has been shown that

the median gradient between proximal measurement and

distal measurement is 0.06 [9]. The cutoff value of FFR

used for the current analysis was 0.75.

Segment selection

Each lesion was divided into three segments as shown in

Fig. 1. The black dotted lines correspond to PB of 40 %

and the red dotted lines LA index of 0.3. The length of each

segment can vary based on the lesion characteristics such

as the location of the most stenotic part. The lumen area

(LA) index is calculated by dividing the lesion LA with

reference LA and the reference LA is a mean value of the

proximal LA and distal LA. A LA index of 0.3 was a

criterion to identify the mid segment. Lesions were selec-

ted when the plaque burden (PB) was above 40 %. The

cross-sectional areas of both ends of mid segment represent

the same LA index.

Statistical analysis

All statistical analyses were performed using SPSS version

21.0 (SPSS Inc, Chicago, IL, USA). Continuous variables

are presented as mean ± SD and categorical variables as

frequency and percentage. Analysis of discrete variables

was performed using Chi square or Fisher’s exact test. The

normal distribution of continuous variables was explored

by Shapiro–Wilk test and comparison between groups was

done by non-parametric tests such as Man–Whitney U and

Kruskal–Wallis H test. The relationship and variability

between the variables were analyzed by Pearson correla-

tion analysis and receiver operating characteristic (ROC)

was used to determine the predictive parameter. A p value

of\0.05 was considered statistically significant.

Results

Patient demographics and lesion characteristics

Seventy-four consecutive patients were enrolled in this

study. Table 1 shows their clinical characteristics and FFR

values. The mean age of participants was 57.8 ± 9.5 years

old and 73 % (54 of 74) were male. All lesions were

located in LAD and 44.6 % (33 of 74) underwent percu-

taneous coronary intervention (PCI). For patients with

unstable angina (47.3 %, 35 of 74) and NSTEMI (5.4 %, 4

of 74), the cardiac enzymes were examined and elective

PCI was performed accordingly. Among lesions with a

FFR B 0.75, 75 % (15 of 20) were treated with DES and

15 % (3 of 20) were treated with DEB, while 10 % (2 of

20) had a FFR value of 0.74, receiving no PCI. 72.2 % (39

of 54) of lesions with a FFR of[0.75 did not receive PCI

however the remaining 27.8 % (15 of 54) received PCI for

the following reasons; the lesion MLA by IVUS was

\4 mm2 in nine patients and the FFR was less than 0.80 in

eight patients. Mean FFR was 0.66 ± 0.06 in the

Fig. 1 Definition of each segment a for a typical lesion and for the

lesions when the most stenotic part is b in the more proximal portion

or c in the more distal portion. P proximal segment, M mid segment,

D distal segment, LA lumen area, PB plaque burden
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FFR B 0.75 group and 0.84 ± 0.06 in the FFR[ 0.75

group.

QCA and IVUS findings

The QCA results and IVUS geometric parameters are listed

in Table 2. Smaller MLD (1.13 ± 0.33 vs.

1.49 ± 0.38 mm, p\ 0.001) and higher DS (56.0 ± 13.5

vs. 47.1 ± 12.3 %, p = 0.021) from QCA, and smaller

MLA (2.99 ± 0.51 vs. 3.93 ± 0.81 mm2, p\ 0.001) from

IVUS were found in lesions with FFR B 0.75. PB calcu-

lated from each slice of IVUS images was higher at the

lesions with FFR B 0.75 compared to lesions with

FFR[ 0.75 (66.3 ± 9.2 vs. 61.2 ± 8.4, p = 0.028). For

PA, VA and LA, the pcVH software program provided the

volumetric data of the lesion and we divided each volume

with the corresponding lesion length to obtain the mean

area of each value. We first analyzed the whole lesion and

then the subdivided segments by LA index were processed

separately in the same manner.

To determine the relationship between FFR and MLA, a

ROC curve analysis was performed along with a scatterplot

as shown in Fig. 2. The best cutoff value of MLA to predict

a FFR B 0.75 was 3.21 mm2 (AUC = 0.843). The

Table 1 Characteristics of the

study population
All (N = 74) FFR B 0.75 (n = 20) FFR[ 0.75 (n = 54) p value

Age (years) 57.8 ± 9.5 58.0 ± 8.6 57.7 ± 9.8 0.942

Men (%) 54 (73.0) 16 (80.0) 38 (70.4) 0.559

Smokers (%) 38 (51.4) 10 (50.0) 28 (51.9) 1.000

Diabetes (%) 17 (23.0) 6 (30.0) 11 (20.4) 0.534

Hypertension (%) 26 (35.1) 7 (35.0) 19 (35.2) 1.000

Hyperlipidemia (%) 23 (31.1) 7 (35.0) 16 (29.6) 0.778

Diagnosis (%) 0.491

Stable angina 35 (47.3) 8 (40.0) 27 (50.0)

Unstable angina 35 (47.3) 10 (50.0) 25 (46.3)

NSTEMI 4 (5.4) 2 (10.0) 2 (3.7)

PCI (%) \0.001

Stent 28 (37.8) 15 (75.0) 13 (24.1)

DEB 5 (6.8) 3 (15.0) 2 (3.7)

FFR 0.79 ± 0.10 0.66 ± 0.06 0.84 ± 0.06 \0.001

Values are mean ± SD or n (%)

NSTEMI non ST-segment elevation myocardial infarction, PCI percutaneous coronary intervention, DEB

drug eluting balloon, FFR fractional flow reserve

Table 2 Quantitative coronary

angiography and intravascular

ultrasound parameters

All (N = 74) FFR B 0.75 (n = 20) FFR[ 0.75 (n = 54) p value

QCA

RVD (mm) 2.78 ± 0.43 2.64 ± 0.44 2.83 ± 0.42 0.084

MLD (mm) 1.39 ± 0.39 1.13 ± 0.33 1.49 ± 0.38 \0.001

DS (%) 49.5 ± 13.1 56.0 ± 13.5 47.1 ± 12.3 0.021

LL (mm) 16.4 ± 6.8 18.3 ± 8.2 15.7 ± 6.1 0.173

IVUS

PB (%) 62.6 ± 8.9 66.3 ± 9.2 61.2 ± 8.4 0.028

PA (mm2) 7.38 ± 2.93 7.71 ± 3.65 7.26 ± 2.63 0.865

VA (mm2) 13.8 ± 4.4 13.9 ± 6.0 13.87 ± 3.7 0.679

LA (mm2) 6.4 ± 1.80 6.22 ± 2.59 6.51 ± 1.43 0.058

MLA (mm2) 3.68 ± 0.85 2.99 ± 0.51 3.93 ± 0.81 \0.001

IVUS LL (mm) 15.1 ± 5.4 16.8 ± 6.4 14.4 ± 5.0 0.173

Values are mean ± SD

RVD reference vessel diameter,MLD minimum lumen diameter, DS diameter stenosis, LL lesion length, PB

plaque burden, PA plaque area, VA vessel area, LA lumen area, MLA minimum lumen area, QCA quan-

titative coronary angiography, IVUS intravascular ultrasound, FFR fractional flow reserve
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diagnostic performance of the MLA cutoff value of

3.21 mm2 to identify hemodynamically significant stenosis

(FFR B 0.75) revealed that the accuracy, sensitivity,

specificity, positive predictive value, and negative predic-

tive value were 75.7, 80.0, 74.1, 53.3, 90.9 %, respectively.

FFR moderately correlated with MLA (r = 0.517,

p\ 0.001) and showed negative correlation with DS

(r = -0.405, p\ 0.001) and PB (r = -0.270, p = 0.020).

VH-IVUS findings

Table 3 shows the plaque composition and phenotypes

from VH-IVUS analyses. The results showed slightly more

FF (13.5 ± 7.4 vs. 10.2 ± 6.5 %, p = 0.05) and less DC

(7.2 ± 5.3 % vs. 11.9 ± 7.5 %, p = 0.01) in lesions with

FFR B 0.75. Plaques were classified as one of the seven

phenotypes; 1 PIT, 1 FI, 2 FC, 17 FA, 19 CaFA, 3 TCFA

and 31 CaTCFA. In lesions with FFR B 0.75, FA and

CaTCFA were major phenotypes and they were 35 % (7 of

20) each. In lesions with FFR[ 0.75, CaTCFA had the

highest population (44.4 %, 24 of 54) followed by CaFA

(27.8 %, 15 of 54). A ROC analysis was also performed for

TCFA or CaTCFA and no TCFA or CaTCFA to identify

the relationship between MLA and. FFR, and the AUC

values were 0.834 and 0.845, respectively.

Segmental analysis

To evaluate the segmental plaque morphology and com-

position, the three segments in each lesion (proximal, mid

and distal) were studied individually for each FFR group.

Table 4 shows the segmental characteristics for each FFR

group. The length of each segment depends on the plaque

morphology as shown in Fig. 1 which was defined by PB

and LA index. For the plaque classification, each segment

was considered separately and we evaluated the types only

with the information on that segment. The IVUS lesion

length of the mid-segment was longer than proximal and

distal segments in both groups. In the FFR B 0.75 group,

the mean PB, LA and MLA of mid-segments were

Fig. 2 a ROC analysis and b scatterplot of MLA and FFR. FFR fractional flow reserve, MLA minimum lumen area, ROC receiver operating

characteristics

Table 3 Virtual histology intravascular ultrasound findings

FFR B 0.75 (n = 20) FFR[ 0.75 (n = 54) p value

FT (mm2) 2.77 ± 1.63 2.29 ± 1.36 0.193

FF (mm2) 0.64 ± 0.56 0.42 ± 0.38 0.045

NC (mm2) 0.87 ± 0.94 0.88 ± 0.87 0.874

DC (mm2) 0.34 ± 0.40 0.44 ± 0.31 0.056

FT (%) 61.6 ± 9.1 56.7 ± 11.9 0.103

FF (%) 13.5 ± 7.4 10.2 ± 6.5 0.050

NC (%) 17.7 ± 8.6 21.3 ± 10.4 0.206

DC (%) 7.2 ± 5.3 11.9 ± 7.5 0.010

Phenotype 0.715

PIT 0 1 (1.9)

FI 0 1 (1.9)

FC 1 (5.0) 1 (1.9)

FA 7 (35.0) 10 (18.5)

CaFA 4 (20.0) 15 (27.8)

TCFA 1 (5.0) 2 (3.7)

CaTCFA 7 (35.0) 24 (44.4)

Values are mean ± SD or n(%)

FT fibrous tissue, FF fibroalcific tissue, NC necrotic core, DC dense

calcium, PIT pathological intimal thickening, FI fibrotic plaque, FC

fibrocalcific plaque, FA fibroatheroma, CaFA calcified fibroatheroma,

TCFA thin cap fibroatheroma, CaTCFA calcified thin cap

fibroatheroma
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63.0 ± 7.1 %, 4.96 ± 1.94 and 2.99 ± 0.51 mm2,

respectively, and were significantly different compared to

the proximal and distal segments. In the FFR[ 0.75 group,

similar anatomic characteristics were seen in each segment

for PB, LA and MLA. NC percent were higher in mid-

segments compared to proximal and distal segments

(22.9 ± 10.6, 20.2 ± 10.9 and 17.1 ± 11.2 %, respec-

tively, p = 0.032).

Plaque classifications for each FFR group are shown in

Table 5. In the FFR B 0.75 group, the majority of plaque

was FA; 50 % (10 of 20) in proximal, 40 % (8 of 20) in mid

and 50 % (10 of 20) in distal segments respectively. TCFAor

CaTCFA was not seen in distal segments in lesions with

FFR B 0.75. In the FFR[ 0.75 group, more CaTCFA were

seen; 38.9 % (21 of 54) inmid, 27.8 % (15 of 54) in proximal

and 11.1 % (6 of 54) in distal segments, respectively.

Discussion

The major findings of this analysis include: (1) anatomic

parameters such as DS, MLA and PB showed correlation

with FFR, (2) coronary lesions with FFR more than 0.75

have larger content of DC and less FF tissue compared to

lesions with FFR B 0.75, (3) in the segmental analysis,

more NC were found in mid segments of lesions with

FFR[ 0.75, and (4) NC-rich plaques such as TCFA or

CaTCFA were identified more in lesions with FFR[ 0.75.

Since plaque characteristics are best described by the

plaques in mid segment, segmental analysis was also per-

formed to obtain better insight. Overall plaque morphology

of two FFR groups using IVUS showed no significant

differences except for MLA, however, segmental analysis

showed the dominant findings seen in the mid segments. As

Table 4 Segmental analysis by FFR groups

FFR B 0.75 (n = 20) p value FFR[ 0.75 (n = 54) p value

Proximal Mid Distal Proximal Mid Distal

IVUS LL (mm) 5.3 ± 4.2 6.0 ± 3.3 4.6 ± 2.6 0.455 4.6 ± 3.5 4.9 ± 2.8 3.9 ± 3.0 0.058

PB (%) 50.1 ± 6.6b 63.0 ± 7.1a,b 47.3 ± 6.2a \0.001 49.2 ± 6.65a 58.5 ± 8.1a,b 47.7 ± 6.8b \0.001

PA (mm2) 7.79 ± 3.26 8.98 ± 4.90a 6.00 ± 3.11a 0.005 7.86 ± 2.72a 7.69 ± 3.03b 6.13 ± 2.06a,b 0.002

VA (mm2) 15.26 ± 5.5a 13.94 ± 6.6 12.55 ± 6.2a 0.015 15.82 ± 4.6a,b 12.78 ± 3.5a 12.62 ± 3.1b \0.001

LA (mm2) 7.47 ± 2.48a 4.96 ± 1.94a,b 6.55 ± 3.30b \0.001 7.96 ± 2.33a,c 5.09 ± 0.94a,b 6.50 ± 1.45b,c \0.001

MLA (mm2) 5.95 ± 2.16a 2.99 ± 0.51a,b 5.07 ± 1.35b \0.001 6.20 ± 1.43a 3.97 ± 0.82a,b 5.53 ± 1.09b \0.001

FI (mm2) 2.58 ± 1.27 3.58 ± 2.44a 1.89 ± 1.57a 0.003 2.59 ± 1.53a 2.52 ± 1.57b 1.80 ± 1.10a,b 0.008

FF (mm2) 0.56 ± 0.63 0.85 ± 0.74a 0.45 ± 0.45a 0.024 0.47 ± 0.41 0.46 ± 0.48 0.39 ± 0.38 0.576

NC (mm2) 0.86 ± 1.05 1.17 ± 1.21a 0.51 ± 0.64a 0.012 0.90 ± 0.84a 1.10 ± 1.03b 0.53 ± 0.57a,b \0.001

DC (mm2) 0.42 ± 0.72 0.40 ± 0.37 0.18 ± 0.19 0.046 0.43 ± 0.35a 0.58 ± 0.46b 0.27 ± 0.27a,b \0.001

FT (%) 62.0 ± 12.2 60.5 ± 10.8 63.2 ± 9.5 0.605 58.8 ± 12.5 54.7 ± 14.1 60.9 ± 13.0 0.088

FF (%) 11.8 ± 7.9 13.8 ± 8.0 14.6 ± 10.1 0.535 10.5 ± 7.4 9.5 ± 7.4 12.4 ± 9.3 0.264

NC (%) 17.9 ± 9.9 18.7 ± 9.9 15.8 ± 9.0 0.533 20.2 ± 10.9 22.9 ± 10.6a 17.1 ± 11.2a 0.032

DC (%) 8.4 ± 6.6 7.0 ± 6.1 6.5 ± 6.9 0.484 10.6 ± 8.2 12.9 ± 9.2 9.7 ± 8.8 0.099

Values are mean ± SD or n (%). Abbreviations as in Tables 2 and 3
a,b,c Two corresponding values with the same symbol show significant differences to each other

Table 5 Segmental analysis of

phenotypes
FFR B 0.75 (n = 20) p value FFR[ 0.75 (n = 54) p value

Proximal Mid Distal Proximal Mid Distal

0.147 0.023

PIT 1 (5.0) 1 (5.0) 5 (25.0) 5 (9.3) 3 (5.6) 10 (18.5)

FI 0 0 0 2 (3.7) 2 (3.7) 2 (3.7)

FC 1 (5.0) 0 0 2 (3.7) 0 1 (1.9)

FA 10 (50.0) 8 (40.0) 10 (50.0) 12 (22.2) 9 (16.7) 22 (40.7)

CaFA 4 (20.0) 4 (20.0) 5 (25.0) 17 (31.5) 17 (31.5) 13 (24.1)

TCFA 0 1 (5.0) 0 1 (1.9) 2 (3.7) 0

CaTCFA 4 (20.0) 6 (30.0) 0 15 (27.8) 21 (38.9) 6 (11.1)

Values are n (%). Abbreviations as in Table 3
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seen in previous studies, the best cutoff value of MLA

ranges from 3.0 to 4.0 mm2 [1, 10, 11], and the present

study showed that a MLA of 3.21 mm2 can be used as an

index of identifying lesions with a FFR of B0.75. The

optimal cutoff for an MLA is vessel dependent and our

study focused on LAD lesions only with an average RVD

of 2.78 mm. PB showed moderate correlation with FFR

(r = -0.270, p = 0.020) and its higher concentration in

mid segment was observed on the segmental analysis.

In a previous study, plaques from lesions with

FFR B 0.80 exhibited higher FF tissue content (p = 0.02)

than those lesions with FFR[ 0.80 and in addition, the

relative content of NC was slightly higher (p = 0.08) in

lesions with FFR[ 0.80 [3]. Similarly, our analysis

revealed that plaques from lesions with FFR B 0.75

showed higher FF (p = 0.05), lower NC (p = 0.21), and

lower DC (p = 0.01) compared to FFR[ 0.75. These

results suggest a possible explanation of major adverse

cardiac events (MACE) in patients with angiographically

intermediate lesions when these lesions are left untreated as

no functionally significant ischemia was found.

On segmental analysis, NC concentration in mid seg-

ments was higher (p = 0.032) than other segments in

FFR[ 0.75 group. High concentration of NC in mid seg-

ments in the FFR[ 0.75 group could be considered a

marker of plaque vulnerability. The results also indicate

that each plaque composition tends to distribute evenly

along the lesion when FFR becomes low. The association

of NC concentration and cardiac events has received a lot

of attention in VH-IVUS research. Atherosclerotic plaques

related to ACS often occur with mild stenosis and lesions

associated with this recurrent event were TCFA or were

characterized by a large PB, small LA or some combina-

tion of these characteristics. The PROSPECT trial showed

11.6 % of patients experienced major adverse cardiovas-

cular events in 3-years follow-up at the site of nonculprit

lesions [12].

On phenotype comparison, TCFA and CaTCFA were

found more in the FFR[ 0.75 group compared to the

FFR B 0.75 group and these NC-rich plaques may cause

plaque rupture. The segmental analysis also revealed that

TCFA or CaTCFA were present in all three segments in the

FFR[ 0.75 group but they were absent in distal segments

with less seen in proximal and mid segments in the

FFR B 0.75 group, showing the higher possibility of plaque

rupture with a higher FFR. More plaque rupture prone

characteristics for lesions with FFR[ 0.75 compared to

lesions with FFR B 0.75 support the previous findings of the

PROSPECT trial and indicates the sinister role of TCFA in

lesions with FFR[ 0.75. Lesions without CaTCFA or

TCFA had better correlation with FFR compared to lesions

with CaTCFA or TCFA. Long term clinical follow-up is

required to ascertain the findings from the present study.

Limitations

This is a registry study and included a small number of

patients. The purpose of this study was to compare two FFR

groups for plaque characteristics and did not include clinical

outcomes. Hence, further clinical studies are required to

evaluate the clinical outcomes and correlation between FFR

and VH-IVUS. Another limitation of VH-IVUS for the

assessment of plaque composition is that VH-IVUS might

overestimate NC content in the presence of high attenuation

objects such as dense calcifications [13, 14]. However, VH-

derived TCFA is a qualitative index defined by confluent NC

in direct contact with the lumen, the overestimation of NC

may not affect the identification of TCFA.

Conclusions

Coronary lesions with FFR[ 0.75 have larger content of

dense calcium and less fibrofatty tissue compared to lesions

with FFR B 0.75. While segmental plaque compositions

for each segment show noticeable variations in lesions with

FFR[ 0.75 such as high concentrations of necrotic core in

mid segment, these differences in each segment become

obscure in FFR B 0.75 and are evenly distributed across

the lesion.
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