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Abstract

Background: 1t is necessary and of great benefit for the
patients to improve diagnostic tools along with the technical
development, and as Fraction Flow Reserve (FFR) is consid-
ered the gold standard for assessing intermediate coronary
lesions. This study aimed to further investigate the correlation
between Fractional Flow Reserve (FFR) and Intravascular
Ultrasound (IVUS) metrics including Minimal Lumen Area
(MLA). Which remains a debatable issue in the assessment
of intermediate coronary artery stenosis.

Methods: Thirty patients with thirty eight intermediate
stenotic lesions located in the main coronary vessles, were
assessed by FFR, IVUS and quantitative angiography. Receiver
—Operating Characteristic (ROC) curve analyses were used
to identify MLA best cut-off values predictive of FFR value
less than 0.80.

Results: The best cut-off value for MLA which is con-
cordant with ischemic FFR values is <3mm?* with a sensitivity
and specificity 76.92% and 50% respectively, and a predictive
values PPV=45% and NPV=80%.

Conclusion: MLA of intermediate coronary lesions ob-
tained by IVUS showed a good gorrelation with FFR meas-
urements [[VUS-MLA <3.0mm was the best cut off value
for identifying FFR <0.8 in coronary vessels With a good
negative predictive value of 80%].

Key Words: Fractional flow reserve — Intravascular ultra-
sonography — Intermediate lesions — Quantitative
coronary angiography.

Introduction

ANGIOGRAPHY is inaccurate in assessing the
functional significance of a coronary stenosis when
compared with fractional flow reserve FFR, not
only among intermediate lesions (40% to 70%)
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but also in the angiographically significant stenoses
70-90% [1].

Fractional Flow Reserve (FFR) is an invasive
physiologic assessment of significant ischemia and
is an important tool to determine whether to proceed
with Percutaneous Coronary Intervention (PCI) of
intermediate coronary stenosis [2].

The benefits of Percutaneous Coronary Inter-
vention (PCI) for stable coronary artery disease
are debated and questioned, especially without the
demonstration of significant reversible ischemia.
FFR has already been validated in the physiological
assessment of coronary artery stenoses, with an
FFR value 0f< 0.80 currently proposed as the cut-
off to indicate functional significance [3]. Moreover,
PCI of coronary stenosis with FFR is greater than
either 0.75 or 0.80 without intervention has been
safe and cost-effective [4].

On the other hand, Intravascular Ultrasound
(IVUS) has been widely used to assess coronary
stenosis, either quantitatively or qualitatively. IVUS
has been reported to improve clinical outcomes
compared to PCI guided by angiography alone [5].

Reported IVUS-derived minimal lumen area
cutoff threshold ranges from 2.0 to 4.0mm > and
the use of IVUS to guide PCI, has resulted in
unnecessary stenting approximately half of the
time because of a relatively low positive predictive
value [6].

Although the correlation between these com-
plementary tools is still debated, various cutoff
points for Minimum Lumen Area (MLA) as as-
sessed by IVUS have been proposed for positive
FFR [7].
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Aim of the work:

The purpose of this study isto assess the inter-
mediate coronary |lesions detected by visual esti-
mation in coronary angiography by using two
invasive modalities fractional flow reserve (FFR)
and Intravascular Ultrasound (IVUS).

Patients and M ethods

Between May 2015 and October 2017, the
severity of 38 intermediate stenoses (40-70% on
visual estimation) in 30 patients was assessed using
FFR, IVUS and quantative coronary angiography
at National Heart Institute, Imbaba and other private
centers.

Exclusion criteria;

Patients with chronic total occlusion, left main
coronary lesion, previous CABG and patients with
contraindication to adenosine administration.

All patients will be subjected to:

- Full history taking: Complete and detailed medical
history including risk factors of coronary artery
disease (diabetes mellitus, hypertension, smoking
and dyslipidemia).

- Laboratory investigations: Serum urea and cre-
atinine.

- Resting standard 12-leads electrocardiogram.

- Resting Trans-Thoracic Echocardiography (TTE)
was routinely done: With special stress on Left
Ventricular Ejection Fraction (LV EF) measured
using modified Simpson's rule, Schiller NB, et
al., and resting segmental wall motion abnormal-
itiesif present.

- Coronary angiography: It was performed accord-
ing to the standard technique and the goal isto
achieve complete anatomic and accurate visual-
ization of coronary arteries.

- Intravascular coronary ultrasound (IVUS) exam-
ination and measurement: By using planimetry
the Reference Lumen Area (RLA) at the site of
intermediate lesion (40% to 70%) can be plan-
nimetered and calculated then the Minima Lumen
Area (MLA) was measured.

- Measurement of coronary Fractional Flow Re-
serve (FFR):

* Hyperemia was induced by the intravenous
continuous infusion of adenosine (140micg/
kg/min).

* Lesions with FFR <0.80 were considered
functionally significant.

Satistical analysis:

Values are presented as mean * standard devi-
ation or median (Interquartile Range [IQR]) for
continuous variables or as counts and percentages
for categorical variables. Clinical, echocardiograph-
ic, angiographic or procedure-related characteristics
of patients were compared using Student- t test, the
relationship and variability between FFR and IVUS
or QCA parameters were analyzed by Pearson
correlation analysis to define correlation coeffi-
cients between FFR and IVUS or QCA of lesion
severity. Receiver-Operating Characteristic (ROC)
curve analyses were performed to establish the
cut-off values of MLA, most predictive of FFR
value less 0.80.

Table (1): Personal characteristics of the study group.

No.=30
Age:
Mean £ SD 59.40+9.45
Range 34-76
Sex:
Female 9 (30.0%)
Male 21 (70.0%)

Results

The age of the patients ranged from 34 to76
years with mean standard deviation (mean * SD=
59.40+9.45 years) and as regarding sex category,
21 cases representing (70.0%) of the population
were males on the other hand 9 cases only repre-
senting (30.0%) of the population were females.
There was statistically no difference among popu-
lations included in this study as regarding age and
sex of the study group.

Also there was statistically no significant dif-
ference among the studied group as regard hyper-
tension, dyslipideamia and smoking as shown in
(Table 2).

Angiographic data:

By assessment of the data obtained from the
coronary angiography performed to our thirty
patients there were thirty eight different lesion as
six of them showed more than one lesion in the
coronary vasculature (four patients showed two
diseased vessels and two of our patients showed
lesionsin three different vessels), and according
to the anatomical site of these lesions, 19 of them
were found to be in the | eft anterior descending
artery and 7 lesions in the left circumflex artery
and the remaining 7 lesions were located in the
right coronary.
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Visual degree of stenosis, IVUSand FFR data;

The different measurements collected from
study group as FFR value, Minimal Luminal Areas
(MLA) obtained by IVUS and the percentage of
stenosis are tabulated in the following table dem-
onstrating that the minimum and maximum FFR
value were 0.7 and 0.1 respectively with mean *
SD of 0.83+0.07, also as regarding to minimal
luminal area obtained by 1VUS, the minimal and
maximal luminal areas were 2.0 and 6.0mm2 re-
spectively with mean standard deviation 3.31 +0.80.

Table (5) shows the sensitivity, specificity and
predictive value of multiple cutoff values for Min-
imal Lumina Area(MLA) obtained by IVUSin
relation to FFR values.

It is clear that the best cut-off valuefor MLA
which is concordant with ischemic FFR valuesis
<3mm?2 with a sensitivity and specificity 76.92%
& 50% respectively and a predictive values PPV =
45% and NPV =80%.

Further evaluation of the coronary artery lesion
according to the site of the lesionsin the main
epicardial vessels and and the relation between the
MLA collected by IVUS and the FFR values for
these lesion in an attempt to come out with the
best cut off value for each vessel alone the follow-
ing measurement were detected:

1- For LAD vessdl lesions best cut off MLA was
3.0mm?2, sensitivity and specificity 87.50% and
40% respectively and a predictive values PPV =
53.8% and NPV =80%.

2- For LCX was 2.75mm2 with sensitivity and
specificity 33.33% and 100% respectively and
a predictive values PPV=100.0% and NPV =
66.7%.

3- For RCA it was 2.8mm2 with sensitivity and
specificity 50.0% and 100% respectively and a
predictive values PPV =100.0% and NPV =
85.7%.

Minimal leumen areaby IVUS
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Table (2): Risk factorsfor coronary artery disease for the
patients included in this study.

No.=30

HTN:

No 16 (53.3%)

Yes 14 (46.7%)
D.M:

No 7 (23.3%)

Yes 23 (76.7%)
Smoking:

No 14 (46.7%)

Yes 16 (53.3%)
Dyslipidemia (total cholesterol 2200mg/dl);

No 9 (30.0%)

Yes 21 (70.0%)
Creatinine (mg/dl):

Mean + SD 0.96+0.23

Range 0.6-1.5

Table (3): Site of coronary artery stenosis in the studied

population.
No. %

LAD:

No 1 36.7

Yes 19 63.3
LCX:

No 23 76.7

Yes 7 233
RCA:

No 23 76.7

Yes 7 233

Table (4): Mean and standard deviation of degree of stenosis,
FFR value, IVUS measurements for the study group
and either an ad-hoc PCI was done or not.

No.=30

Visual degree of stenosis:

Mean + SD 58.86+7.58

Range 50-70
FFR measurement:

Mean + SD 0.83+0.07

Range 0.7-1
Minimal leumen area by IVUS:

Mean + SD 3.31+0.80

Range 2-6
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Fig. (1): ROC Curve for detection of the best cut-off value
of MLA (3mm?2) in relation to FFR value.
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Table (5): Sensitivity, specificity and predictive value of FFR

values.

Cut off points ~ Sensitivity ~ Specificity +PV PV
<2mm? 23.08 95.83 750 697
<2.5mm?2 23.1 95.80 750 69.7
<3*mm? 76.92 50.00 455  80.0
<3.2mm?2 76.92 41.67 417 769
<3.4mm?2 84.62 41.67 440 833
<3.9mm?2 84.62 33.33 40.7  80.0
<4mm?2 92.31 417 343 500
<5mm?2 92.31 0.00 333 00
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Table (6): Sensitivity, specificity and predictive value of
multiple cutoff values for Minimal Luminal Area
(MLA) obtained by IVUS in relation to FFR in

LAD.
MLA cut off i e
point for LAD Sensitivity  Specificity +PV PV
52mm; 25.00 90.00 66.7 60.0
<3mm,* 87.50 40.00 538 800
<5mm 87.50 0.00 412 00

Table (7): Sensitivity, specificity and predictive value of
multiple cutoff values for Minimal Luminal Area
(MLA) obtained by IVUS in relationto FFR in

LCX.
MLA cut off s e
point for LCX Sensitivity  Specificity +PV PV
<2.5mm? 3333 100.00 1000 66.7
<2.75mm>* 3333 100.00 1000 66.7
<3mm 66.67 50.00 50.0 66.7

Table (8): Sensitivity, specificity and predictive value of
multiple cutoff values for Minimal Luminal Area
(MLA) obtained by IVUS in relation to FFR in

RCA.
MLA cut off s o
point for RCA Sensitivity ~ Specificity +PV PV
<2.8mm3 0.00 100.00 75.0
<2.8mp * 50.00 100.00 100.0 857
<3mm 100.00 33.33 333 100.0
Discussion

The potential of angiography to evaluate the
haemodynamic severity of an Intermediate lesion
islimited. Moreover, angiographic assessment is
often the only decision-making modality for per-
forming coronary angioplasty, especially in the
absence of any sort of functional evaluation [g].

Owing to the increased sensitivity of IVUSIin
identifying disease and its close correlation with
pathology, 1VUS has become more accurate stand-
ard for defining the anatomy of atherosclerosisin
vivo. Intravascular ultrasound is a catheter-based
technique that provides tomographic images per-
pendicular to the length of the coronary arteries.
High-resolution cross-sectional images of the cor-
onary lumen and the coronary arterial wall can be
visualized in real time, and computer-generated
reconstruction allows for longitudinal and 3-
dimension visualization of the coronary artery [9].

Fractional Flow Reserve (FFR) has been pro-
posed as the gold standard to assess functional
severity of coronary artery stenosis and to stratify

which lesions should be subjected to intervention
(Percutaneous Coronary Intervention [PCI] or not
[10].

S0, the aim of this study was to further assess
the correlation between Quantitative Coronary
Angiography (QCA), FFR, quantitative and qual-
itative IVUS to elucidate the use of MLA derived
from IVUS as an indicator in the diagnosis of
functionally significant coronary artery stenosis.

According to an expert consensus statement
published by Amir Lotfiet et al., it revealed that
FFR wasfirst validated using a cutoff value of
0.75. With further experience with the technique,
investigators appreciated that by extending the
cutoff value to 0.80, the sensitivity of FFR could
be improved without greatly compromising the
specificity [11].

For thisreason, a cutoff value of <0.80 was
used in FAME 1 and FAME 2 studies as well as
our study and shown to be clinically valid. It is
now the recommended ischemic reference standard
for the invasive functional assessment of myocar-
dial ischemia [12].

Our study showed a statistically highly signif-
icant relation (p=0.0001) between FFR value and
PCI, as al caseswith FFR value <0.80 (14 cases)
aready performed PCI and those with a FFR value
>0.80 did not. The current study analyzed 38 in-
termediate non left main coronary lesions located
in large coronary vessels with RV D ranged between
(3-4mm). Majority of the targeted lesions were
located in the proximal and mid coronary segments
of the vessels avoiding any leison in the small
branches as diagonal and small obtuse marginal
branches to prevent affecting the end result regard-
ing the optimal MLA that could predict the func-
tional significance of any intermediate coronary
artery lesion affecting the main coronary vessels.

Asregard demographic data and coronary risk
factors, there was no statistically significant dif-
ference among population except for diabetes
mellitus as 12 patients out of 12 with FFR value
less than 0.8 were diabetic aso there was a signif-
icant correlation between FFR value and DM re-
flecting the impact of glycemic state on FFR value
and this coincide with aclinical research done by
[13], which showed that intermediate lesions from
diabetics versus non diabetics differed significantly
in both haemodynamic relevance (FFR <0.80,
37.7% versus 24.2% p=0.018) and lesion length
(10.91+5.79mm vs. 9.23+3.85mm p=0.005) [13].
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The use of IVUS to determine the functional
significance of coronary artery lesions remains a
meatter for debate. Asregard IVUS measurements
obtained from this study including minimal luminal
area and percent of stenosis. According to our
study it is demonstrated that the best cut-off value
for MLA which is corresponding to the results FFR
valueswas an MLA <3mm?, with a sensitivity and
specificity 76.92% & 50% respectively and a pre-
dictive values PPV =45% and NPV =80%.

The major differences between our study and
FIRST registry were related to:

First: Number of patientsincluded in both
studies being only 30 patients in our study and 350
patients (367 lesions) in FIRST registry.

Second: The majority of targeted lesionsin this
study located in proximal and mid segments of
main coronary vessels not in distal segments or
side branches.

The results of the FIRST [7] will certainly
reinforce the view that IVUS isnot areliable
alternative for FFR in functional assessment of
angiographically intermediate stenoses. FFR is
superior for physiology and IVUS is superior for
anatomy, although a very high negative predictive
valuefor IVUS-MLA >3.07mm may basically rule
out functionally significant stenosis. However, the
issue of superiority between these 2 modalities
might be irrelevant because 1VUS and FFR should
be complementary techniques to be used in the
catheterization laboratory to provide critical ana-
tomic and functional data that permit more accurate
decisions [7].

In our study further evaluation of the coronary
artery lesion according to the site of the lesionsin
the main epicardial vessels and and the relation
between the MLA collected by IVUS and the FFR
values for these lesion in an attempt to come out
with the best cut off value for each vessel alone
the following measurement were detected for LAD
vessel lesions best cut off MLA was 3.0mm?, and
for LCX was 2.7mm?, and for RCA it was 2.8mm?,
this concept was a so evaluated by Bon-Kwon Koo
et al., [14] who published a study aimed to determine
the optimal MLA obtained by Intravascular Ultra-
sound (I'VUS) and its diagnostic accuracy for
defining the functional significance of intermediate
coronary stenoses in different locations of the
coronary tree among patients with already FFR
value less than 0.08. Like our study which evaluated
the precise anatomical site of lesion of interest in
relation to MLA, Bon-Kwon Koo et al., revealed
in their study that the diagnostic accuracy of MLA
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was highly variable according to the location of
lesions. The best cutoff value of MLA to define
the functional significance was 3.0mm for proximal
left (LAD) lesions and 2.75mm for mid-LAD le-
sions located before the second diagonal branch.
However, the appropriate MLA to predict the func-
tional significance of lesions could not be found
in other segments. So When 1VUS parameters are
used to determine the functional significance of
lesions in patients with intermediate coronary artery
stenoses, different criteria should be used according
to lesion location. In segments or vessels with
anatomic variations, IVUS cannot be used for
functional assessment of a stenosis [14].

Conclusion:

Although IVUS has an important role in day-
to-day practice in assessing vessel size, plaque
morphology, stent expansion and apposition, its
rolein identifying lesions as functionally significant
islimited. However, it can help the operator if a
lesion islikely to be insignificant when MLA is
large enough, as a modest, yet significant correla-
tion was observed between MLA and FFR. The
high negative pyedictive value of large MLAs
(namely 23mm ) may provide some degree of
confidence to the interventionalist that the lesion
in question is not functionally significant, which
could be of particular importance especially in
cases where FFR/adenosine are contraindicated or
not tolerated.
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