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Impact of Plaque Components on Fractional Flow
Reserve-Derived Computed Tomography in Severe
Coronary Stenosis

Ciddi Koroner Stenozda Plak iceriginin Fraksiyonel
Akim Rezervinden Derive Edilmis Bilgisayarli Tomografi
Uzerindeki Etkisi

ABSTRACT

Fractional flow reserve derived from computed tomography decreases across severe coronary
stenosis. The diagnostic accuracy of fractional flow reserve-derived computed tomography
is high for severe coronary stenosis. In this report, we present a case of no significant frac-
tional flow reserve-derived computed tomography changes even in severe coronary stenosis.
A 75-year-old man showed severe stenosis (85% diameter stenosis) in the distal segment of
the right coronary artery on both computed tomography angiography and invasive coronary
angiography. However, fractional flow reserve-derived from computed tomography showed
no significant changes from the proximal (0.97) to the distal (0.95) segments despite the
presence of severe stenotic lesion. This patient had different features including the presence
of a large acute marginal branch and significantly lower plaque components in the stenotic
lesion compared with another patient who had coronary stenosis in the same segment. A large
bifurcation branch and/or proportion of plague components can affect fractional flow reserve-
derived from computed tomography hemodynamics.
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OzZET

Bilgisayarli tomografi kaynakli fraksiyonel akim rezervi (FFR-BT), ciddi koroner stenozlarda
azalir. FFR-BT'nin tanisal dogrulugu ciddi koroner stenoz igin ylksektir. Bu olgu bildirisinde,
ciddi koroner stenozda bile anlamli FFR-BT degisikligi olmayan bir hasta sunuldu. 75 yasinda
erkek hastada, hem BT anjiyografi hem de invaziv koroner anjiyografide, sag koroner arterin
distal segmentinde ciddi stenoz (%85 capinda darlik) gérildd. Bununla birlikte, FFR-BT'de bu
ciddi stenotik lezyonda bile proksimalden (0.97) distal segmentlere (0.95) énemli bir degisiklik
gortlmedi. Bu hastada, ayni segmentte ciddi darligi olan baska bir hasta ile karsilastinldiginda,
genis bir akut marjinal dalin varligi ve stenotik lezyonda énemli oranda daha az plak icerigi gibi
farkli 6zellikler mevcuttu. Genis bir bifurkasyon dali varligi ve/veya plak igeriginin orani, FFR-BT
hemodinamigini etkileyebilir.

Anahtar Kelimeler: Bilgisayarli tomografi, gériintlileme, fraksiyonel akim rezervi

t is well known that fractional flow reserve-derived from computed tomography

(FFR.;) is affected by various factors such as vessel morphology,' plaque characteris-
tics,! bifurcation angle,? lumen volume (LV) mass,? bifurcation angle, and branches.**
To improve the diagnostic accuracy of FFR;, factors affecting FFR.; have been inves-
tigated. Previous studies investigated FFR.; based on each entire vessel, but not on
the stenotic lesion alone. To our knowledge, this is the first report of the following:
(1) no significant changes across the severe stenotic lesion, (2) investigation of the
relationship between FFR.; dynamics and lesion-specific morphology in the severe ste-
notic lesion. Herein, we present a 75-year-old man who presented no significant FFR;
changes even in severe stenosis. Moreover, the present case was compared with severe
coronary stenosis in the same segment.
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Case Reports

A total of 1503 outpatients with suspected coronary artery
disease and who had FFR.; analysis were examined between
January 2017 and May 2022. Only 1 patient (Case 1) showed no
significant FFR.; changes across the severe coronary stenosis in
the distal segment of the RCA. To further investigate the cause
of this phenomenon, Case 2 with stenotic lesions at the same
site as Case 1 was selected from all eligible patients and vessel
characteristics were compared.

All coronary computed tomography angiography (CCTA) scans
were performed on a GE Revolution scanner (GE, Milwaukee,
USA). Beta-blockers were administered when necessary to obtain
a heart rate of < 60 beats/min. Sublingual nitrates (2 sprays
of 0.8 mg) were administered before scanning in all patients.
Fractional flow reserve-derived from computed tomography was
analyzed using HeartFlow Inc. (Redwood City, California, USA).
Computational fluid dynamics and blood flow simulations were
performed to calculate the FFR.; at any arbitrary point in the
coronary artery. AFFR.; was defined as the change in FFR; from
the proximal to the distal across the stenotic lesion. Vessel mor-
phology and components were measured using GE AW server
3.2 software (GE Healthcare, Chicago, IL, USA) and Colour
Code Plaque (GE Healthcare, Chicago, IL, USA). Vessel compo-
nents were characterized based on Hounsfield units into low-
attenuation plaque (LAP) (< 30 HU), intermediate-attenuation
plaque (IAP) (30-150 HU), and calcified plaque (CP) (> 150
HU).® Fractional flow reserve-derived from computed tomog-
raphy (HeartFlow Inc., Redwood City, CA, USA) was calculated
based on a 3-dimensional anatomical model synthesized from
CT angiographic data. The volume of the myocardium extracted
from the image data was multiplied by an average value of myo-
cardial tissue density (1.05 g/mL) to calculate LV myocardial
mass. Lumen volume mass index was calculated by dividing the
LV mass by the body surface area.?

Case 1

A 75-year-old man was admitted with chest discomfort at
exertion. Coronary computed tomography angiography revealed
severe coronary stenosis (85% diameter stenosis) (Figure 1A-C,
dotted line) around the divergence of the large acute marginal
branch in the distal segment of the right coronary artery (RCA).
The stenotic lesion was focal (17.5 mm) and consisted of lumen
volume 141.3 mm?3, LAP 0 mm?3, IAP 1.7 mm?3, and CP 0 mm?3
(Table 1, Figure 1C). Plague components in the stenotic lesion
were only 1.2% (Table 2 and Figure 2). FFR,, at the RCA ostium
was 1.00 and gradually decreased to 0.91 at the distal end of
the RCA. No steep FFR.; decline (AFFR.: 0.02) was observed
at the stenotic lesion (Figures 1D and 1E). Invasive coronary

ABBREVIATIONS

CCTA Coronary computed tomography angiography
CFD Computational fluid dynamics

CcP Calcified plaque

FFR.; Flow reserve-derived computed tomography
LAP Low-attenuation plaque

Lv Lumen volume

RCA Right coronary artery
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Stenotic

VL: 141 mm?
LAP: 0 mm®
IAP: 2 mm?
CP: 0mm*®
Peri-stenotic
VL: 865 mm®
LAP: 6 mm?®
IAP: 135 mm?®
CP: 6 mm?

Figure 1. Case 1. Coronary computed tomography angiography
(A-C): (R) Stretched multiplanar reformation. (B) Curved
multiplanar reformation. (C) Vessel components. Green, VL;
red, IAP; and yellow, CP. (D and E) Fractional flow reserve-
derived computed tomography. AFFR., is the difference
between the proximal and the distal segment of the stenotic
lesion. (F) Invasive coronary angiography. The dotted line,
arrowhead, and arrow indicate stenotic lesion, IAP, and CP,
respectively. CP, calcified plaque; CCTA, coronary computed
tomography angiography; FFR,, fractional flow reserve-
derived computed tomography; IAP, intermediate-attenua
tion plaque; LAP, low-attenuation plaque; RCA, right coronary
artery; VL, vessel lumen.

Table 1. Vessel Morphology and Components at the Stenotic
Lesion and Peri-stenotic Lesion

Case 1 Case 2
Total vessel
Vessel length (mm) 122.1 117.7
Lumen volume (mm?3) 1006.5 728.8
LAP volume (mm?3) 6.4 31.6
IAP volume (mm?3) 36.3 216.3
CP volume (mm?3) 58 13.3
Vessel length (mm) 17.5 17.5
Lumen volume (mm?) 141.3 69.6
LAP volume (mm?) 0 22.0
IAP volume (mm?) 1.7 73.9
CP volume (mm?3) 0 0.1
Vessel length (mm) 104.6 100.2
Lumen volume (mm?3) 865.2 659.2
LAP volume (mm?3) 6.4 9.6
IAP volume (mm?3) 34.6 142.4
CP volume (mm?3) 58 13.2

CP, calcified plaque; IAP, intermediate-attenuation plaque; LAP, low-atten-
uation plaque.
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angiography showed severe coronary stenosis (dotted line) in the
distal segment of the RCA (Figure 1F).

Case 2

A 71-year-old woman was admitted with chest discomfort at
exertion. Coronary computed tomography angiography revealed
severe coronary stenosis (95% diameter stenosis) (Figures 3A-
C. dotted line) in the distal segment of the RCA. The stenotic
lesion was focal (17.5 mm) and consisted of lumen volume
69.6 mm3, LAP 22.0 mm3, IAP 73.9 mm3, and CP 0.1 mm?3
(Table 1, Figure 3C). Plague components of the stenotic lesion
were 58.0% (Table 2 and Figure 2). Fractional flow reserve-
derived from computed tomography at the RCA ostium was 1.00
and a decline during the stenotic lesion, resulting in 0.56 at the
distal end of the RCA (AFFR;: 0.38) (Figures 3D and 3E). Invasive
coronary angiography showed severe coronary stenosis (dotted
line) in the distal segment of the RCA (Figure 3F).

Discussion

It is well known that FFR.; dynamics depend on not only stenotic
severity but also the site of the stenotic lesion. The present study
investigated the impact of vessel morphology (vessel length,
lumen volume) and plaque components in stenotic and peri-
stenotic lesions with severe coronary stenosis on FFR.; dynam-
ics. Fractional flow reserve-derived from computed tomography
dynamics differed significantly between Case 1 and Case 2,
despite the same stenotic severity in the same segment. The
differences between Case 1 and Case 2 were the presence of
the large acute marginal branch and the lack of plaque compo-
nents in the stenotic lesion (Table 3). The following possibilities
could be considered as the mechanisms that caused differences
in FFR.; dynamics. First, the presence of the bifurcation branch

Table 2. The Proportion of Vessel Components at the Stenotic
Lesion and Peri-stenotic Lesion

Case 1 Case 2
Total vessel
Lumen volume (%) 95.4 73.6
LAP volume (%) 0.6 3.2
IAP volume (%) 3.4 21.8
CP volume (%) 0.5 1.3
Stenotic lesion
Lumen volume (%) 98.8 42.0
LAP volume (%) 0 13.3
IAP volume (%) 1.2 44.6
CP volume (%) 0 0.1
Peri-stenotic lesion
Lumen volume (%) 94.9 80.0
LAP volume (%) 0.7 1.2
IAP volume (%) 3.8 17.3
CP volume (%) 0.6 1.6

CP, calcified plaque; IAP, intermediate-attenuation plaque; LAP, low-atten-
uation plaque.
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Figure 2. (A) Vessel components volume in the stenotic
lesion. (B) Vessel components volume in peri-stenotic lesions.
(C) Proportion of vessel components in stenotic lesion.
(D) Proportion of vessel components in peri-stenotic lesions.
CP, calcified plaque; IAP, intermediate-attenuation plaque;
LAP, low-attenuation plaque; LV, lumen volume.

may cause turbulent flow after the stenotic lesion, consuming
thermal energy and consequently affecting FFR.. hemody-
namics.*® In both Case 1 and Case 2, the stenotic lesions were
located at the distal of bifurcation branch, thus the differences in
the effects of branch was not significant. Second, plaque com-
ponents of the stenotic lesion and peri-stenotic lesion in Case
1 were markedly smaller than those in Case 2 (Case 1 vs. Case
2; stenotic, 1.2% vs. 58.0%; peri-stenotic, 5.1% vs. 20.0%)
(Table 2 and Figure 2). Deposition of plaque components could
lead to impaired functional vasodilatory capacity due to oxidative
stress and inflammation (Figure 4A).”# The inhomogeneous con-
trast of plaque components between stenotic and peri-stenotic
generated a pressure gradient during maximal hyperemia, con-
tributing to differences of FFR; values (Figure 4B). Collectively,
the extremely small amount of plaque components assessed by
CCTA in the stenotic lesion may accelerate total vessel dilata-
tion, including the stenotic lesion, during maximal hyperemia.
Consequently, a lack of pressure gradient between the stenotic
and per-stenotic lesions may be responsible for the reduced
changes in FFR_. This study highlighted the large acute marginal
branch and the lack of plaque components in the stenotic lesion
may contribute to the atypical FFR.; hemodynamics. This report
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Figure 3. Case 2. The dotted line, arrowhead, and arrow
indicate stenotic lesion, IAP, and CP, respectively. CP, calcified
plaque; CTA, computed tomography angiography; FFR.;,
fractional flow reserve-derived computed tomography; IAP,
intermediate-attenuation plaque; LAP, low-attenuation
plaque; RCA, right coronary artery; VL, vessel lumen.

has some limitations. First, this phenomenon was observed in
only 1 case among enrolled 1503 patients. It was still unclear
whether the cause of this phenomenon (no significant FFR.;
changes even in severe coronary stenosis) was due to the dif-
ference in plaque volume between stenotic and peri-stenotic
lesions or a purely technical error based on computational fluid
dynamics (CFD) analysis. Fractional flow reserve-derived from
computed tomography values are calculated by blood flow

Table 3. Characteristics of the Patient Population

Case 1 Case 2
Age (years) 75 71
Gender Man Woman
Height (cm) 178 158
Body weight (kg) 87 62
Body surface area (kg/m?) 2.1 1.6
Body mass index (kg/m?) 27 25
Heart rate (beats/min) 60 60
Atrial fibrillation - -
Hypertension + +
Dyslipidemia - -
Diabetes - -
Current smoking - +
Left ventricular mass (g) 125 80
Left ventricular mass index (g/m?) 61 49

CP, calcified plaque; IAP, intermediate-attenuation plaque; LAP, low-
attenuation plaque.
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Figure 4. Schema of the effects of different components of
the stenotic lesions on FFR_; dynamics. (A) Case 1. (B) Case 2.
FFR,,, fractional flow reserve-derived computed tomography.

simulations and CFD. Computational fluid dynamics is a simula-
tion method that calculates approximate solutions based on dis-
cretizing the Navier-Stokes equation which described the motion
of viscous fluid substances. Computational fluid dynamics is cal-
culated based on the results of various hypotheses and models,
thus CFD has the potential to cause errors. The second limitation
is the lack of enforcement of invasive FFR. Nevertheless, previ-
ous studies have shown that FFR.; can be an alternative test for
invasive FFR due to the high concordance between FFR.; and
invasive FFR,'°12 Third, it has been believed that non-calcified
plaque and thrombus components can be distinguished by HU
values. However, as reported by Niesten et al.? the composition
of thrombus varies widely, including, fibrin and red blood cells.
Thrombus abundant in fibrin and platelet exhibit a low level of
HU values, thus distinguishing between non-calcified plaque and
thrombus could have been difficult with CCTA alone. Thrombus
components might be contaminated in the non-calcified plaque
components. In Case 1, stenotic lesion with vulnerable com-
ponents of thrombus and non-calcified plaque may have the
potential to obtain temporary vasodilation during the maximal
hyperemia, resulting in the disappearance of pressure gradient
before and after stenotic lesions. In this report, our proposed
mechanismn mentioned above cannot be confirmed by further
evidence and is still hypothesis-generating. Further accumula-
tion of similar cases and their detailed analysis could confirm our
hypothesis. It has been believed that FFR.; drops downward sig-
nificantly across severely stenotic lesions. However, we reported
no significant changes in FFR; across the severe stenotic lesion.
Vessel morphology and plaque components should be consid-
ered when interpreting FFR.;. may provide useful information for
FFR.; interpretation. These findings may have the potential to
assess an accurate diagnosis of FFR;.
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Conclusion

The presence of large bifurcation and the absence of vessel
plaque components in the stenotic lesion may have the poten-
tial to affect FFR.; hemodynamics.
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