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Variation of Computed Tomography-Derived 
Fractional Flow Reserve Related to Different 
Vessel Morphology 
Farklı Damar Morfolojisine Bağlı Bilgisayarlı Tomografi 
Kaynaklı Fraksiyonel Akım Rezervi Varyasyonları

ABSTRACT

A total of 1492 outpatients with suspected coronary artery disease and who underwent com-
puted tomography-derived fractional flow reserve analysis were examined. To investigate the 
effects of vessel morphology such as lumen diameter or volume on computed tomography-
derived fractional flow reserve, nearly the same or subthreshold values affecting computed 
tomography-derived fractional flow reserve hemodynamics vessels were compared. Case 1 and 
2 present almost the same vessel length (case 1 vs. case 2; 135.0 mm vs. 133.6 mm), low-
attenuation plaque volume (0 mm3 vs. 0 mm3), inter​media​te-at​tenua​tion plaque volume 
(12.5 mm3 vs. 35.5 mm3), and calcified plaque volume (4.7 mm3 vs. 0 mm3) in the right 
coronary artery. However, lumen volume (877.8 mm3 vs. 2443.7 mm3) and distal computed 
tomography-derived fractional flow reserve (0.79 vs. 0.96) were markedly different between 
the 2 patients. Computed tomography-derived fractional flow reserve depends not only on 
vessel length or plaque characteristics but also on lumen volume or vessel morphology.
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ÖZET

Koroner arter hastalığı şüphesi ile bilgisayarlı tomografi kaynaklı fraksiyonel akım rezervi analizi 
yapılan toplam 1492 ayakta hasta incelendi. Lümen çapı veya hacmi gibi damar morfolojisi-
nin bilgisayarlı tomografi kaynaklı fraksiyonel akım rezervi üzerindeki etkilerini araştırmak için, 
bilgisayarlı tomografi kaynaklı fraksiyonel akım rezervi damar hemodinamisini etkileyen hemen 
hemen aynı veya eşik altı değerler karşılaştırılmıştır. Olgu 1 ve Olgu 2, sağ koroner arterde 
hemen hemen aynı damar uzunluğuna (135,0 mm'ye karşı 133,6 mm), düşük atenüasyon 
plak hacmine (0 mm3'e karşı 0 mm3), orta seviye atenüasyon plak hacmine (12,5 mm3'e karşı 
35,5 mm3) ve kalsifiye plak hacmine (4,7 mm3’e karşı 0 mm3) sahipti. Ancak iki olgu arasında 
lümen hacmi (877,8 mm3'e karşı 2443,7 mm3) ve distal bilgisayarlı tomografi kaynaklı fraksi-
yonel akım rezervi (0,79’a karşı 0,96) arasında belirgin şekilde fark vardı. Bilgisayarlı tomografi 
kaynaklı fraksiyonel akım rezervi, yalnızca damar uzunluğuna veya plak özelliklerine değil, aynı 
zamanda lümen hacmine veya damar morfolojisine de bağlıdır.

Anahtar Kelimeler: FFR, FFRCT, lümen hacmi, plak, damar uzunluğu

Fractional flow reserve derived from coronary computed tomography (FFRCT) decline 
from the proximal to the distal segment depending on vessel length1 or plaque 

characteristics.1-3 It has been empirically proved that the degree of FFRCT decline varies 
based on vessel morphology even with constant vessel length. Computed tomography-
derived fractional flow reserve and luminal cross-sectional area are closely related3 and 
tapering of the vessel may contribute to the physiological decline of FFTCT.4 However, 
the effect of lumen volume or vessel morphology on FFRCT remains to be clarified. We 
present 2 patients with different distal FFRCT changes even though vessel length and 
plaque characteristics were almost the same for the right coronary artery. The only dif-
ference between the 2 patients was lumen volume and vessel morphology (tapered or 
not tapered).

Case Reports

In these 2 cases, CT angiography (CTA) and invasive coronary angiography did not 
reveal a significant stenosis in the right coronary artery (RCA). According to the Society 
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of Cardiovascular Computed Tomography guidelines,5 sublin-
gual nitrates (2 sprays of 0.8 mg) were administered 5 minutes 
before scanning. Computed tomography-derived fractional flow 
reserve was analyzed by HeartFlow Inc. (Redwood City, Calif., 
USA). Computed tomography-derived fractional flow reserve 
was based on the application of computational fluid dynamics to 
images from CTA. These values are displayed only by specifying 
any arbitrary point in the coronary artery. The FFRCT was mea-
sured at any vessel site from the RCA ostium to the bifurcation of 
the right posterior descending branch and atrioventricular node. 
Vessel length, lumen volume, and composition of each vessel 
were measured using GE AW server 3.2 software (GE Healthcare, 
Chicago, Ill, USA). Plaque characterization and vessel morphol-
ogy measurements were performed semi-automatically with 
Color Code Plaque (GE Healthcare). Vessel constituents were 
characterized based on Hounsfield units into low-attenuation 
plaque (LAP) (<30 HU), inter​media​te-at​tenua​tion plaque (IAP) 
(30-150 HU), and calcified plaque (CP) (>150 HU).1 Plaque 
burden was defined as (1 − lumen area/outer area) × 100%6 
The average plaque burden was calculated as the ratio of total 
plaque volume to vessel volume.7 Left ventricular (LV) mass was 

measured using GE AW server 3.2 software (GE Healthcare). 
The volume of the myocardium extracted from the image data 
was multiplied by an average value of myocardial tissue density 
(1.05  g/mL) to calculate LV myocardial mass. Left ventricular 
mass index was calculated by dividing the LV mass by the body 
surface area.8

Case 1
A 62-year-old woman was admitted with chest discomfort. She 
had no cardiovascular risk factors (hypertension, diabetes mel-
litus, dyslipidemia, or smoking). Computed tomography angiog-
raphy images acquired conditions were heart rate of 56 bpm, 
CT value of 457 HU, and cardiac cycle of 76% (mid-diastolic 
phase). Computed tomography angiography did not reveal sig-
nificant stenosis in the RCA. Vessel length, vessel volume, and 
lumen volume were 135.0 mm, 895 mm3, and 877.8 mm3, 
respectively. Low-attenuation plaque, IAP, and CP volume were 0 
mm3, 12.5 mm3, and 4.7 mm3, respectively (Figure 1A). Maximal 
and minimum luminal cross-sectional area were 22.7 mm2 (0 
mm from the ostium) and 5.1 mm2 (135 mm from the ostium) 
(Figure 2A). Maximum and average plaque burden was 19.5% 
and 1.9% (Supplementary Table 1). Three-dimensional volume-
rendered image of the coronary tree showed no significant vessel 
tortuosity at the RCA (Figure 3A). Left ventricular mass and LV 
mass index were 87.0 g and 58.5 g/m2 (Figure 4A). Computed 
tomography-derived fractional flow reserve at the RCA ostium 
was 1.00 and decreased to 0.79 just proximal to the bifurca-
tion of the right posterior descending branch and atrioventricular 
node (Figure 5A). Invasive coronary angiography showed no sig-
nificant stenosis in the RCA (Figure 6A).

Figure  1.  (A) Case 1: CTA showing no significant coronary 
artery stenosis in the RCA (upper panel). Vessel components 
are indicated in the following colors: green is LU and red is IAP. 
The volume of LU, LAP, IAP, and CP are 877.8 mm3, 0 mm3, 
12.5 mm3, and 4.7 mm3 (middle panel). The vessel length, 
ostium, and distal lumen diameter coinciding with FFRCT 
region of interest are 135.0 mm, 5.8 mm, and 2.9 mm, 
respectively (lower panel). (B) Case 2: CTA showing no 
significant coronary artery stenosis in the RCA (upper panel). 
The volume of LU, LAP, IAP, and CP are 2443.7 mm3, 0 mm3, 
35.5 mm3, and 0 mm3 (upper panel). The vessel length is 
133.6 mm, 5.8 mm, and 3.8 mm, respectively (lower panel). 
Arrowhead indicates IAP. CP, calcified plaque; CTA, computed 
tomography angiography; IAP, inter​media​te-at​tenua​tion 
plaque; LAP, low-attenuation plaque; LU, lumen; RCA, right 
coronary artery.

Figure  2.  Lumen cross-sectional morphology at each point 
from the ostium of the right coronary artery. (A) Case 1: 
Maximal cross-sectional area is 22.7 mm2 at 0 mm from the 
ostium of the RCM. (B) Case 2: Maximal cross-sectional area 
is 26.4 mm2 at 10 mm from the ostium of the RCM. RCA, right 
coronary artery.
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Case 2
A 52-year-old man was admitted because of chest discom-
fort. He had no cardiovascular risk factors (hypertension, diabe-
tes mellitus, dyslipidemia, or smoking). Computed tomography 
angiography images acquired conditions were heart rate of 
56 bpm, CT value of 465 HU, and cardiac cycle of 77% (mid-
diastolic phase). Computed tomography angiography did not 
reveal a significant stenosis in the RCA. Vessel length, vessel 
volume, and lumen volume were 133.6 mm, 2479.2 mm3, and 
2443.7 mm3, respectively. Low-attenuation plaque, IAP, and 
CP volume were 0 mm3, 35.5 mm3, and 0 mm3, respectively 
(Figure 1B). Maximal and minimum luminal cross-sectional 
area were 26.4 mm2 (10 mm from the ostium) and 10.0 mm2 
(134 mm from the ostium) (Figure 2B). Maximum and average 
plaque burden were 6.2% and 1.4% (Supplementary Table 1). 
Three-dimensional volume-rendered image of the coronary 
tree showed slight vessel tortuosity (arrowhead) at the proximal 
RCA (Figure 3B). Left ventricular mass and LV mass index were 
166.8 g and 89.5 g/m2 (Figure 4B). Computed tomography-
derived fractional flow reserve at the RCA ostium was 1.00 and 
gradually decreased to 0.96 just proximal to the bifurcation of 
the right posterior descending branch and atrioventricular node 
(Figure 5B). Invasive coronary angiography showed no signifi-
cant stenosis in the RCA (Figure 6B).

DISCUSSION

A total of 1492 outpatients with suspected coronary artery dis-
ease and who had FFRCT analysis were examined at Universitair 
Ziekenhuis Brussel between January 2017 and May 2022. To 
investigate the effects of lumen volume and vessel morphology 
on FFRCT, 2 cases with almost the same vessel length and similar 
low plaque volume and burden were compared. 

The physiological and progressive decline of FFRCT is related to 
a variety of factors including vessel length,1 plaque volume,1,2,9 
left ventricular mass,8 bifurcation angle,10-12 ramus artery,13 and 
collateral circulation.14 Previous studies which examined FFRCT in 
normal coronary arteries showed that FFRCT changes from the 

Figure  3.  Three-dimensional volume-rendered image of the 
coronary tree. Upper panel: straight LAO 60 position. Middle 
panel: straight RAO 30 position. Lower panel: LAO 30 and 
cranial 20 position. (A) Case 1: No significant vessel tortuosity 
at the proximal RCA. (B) Case 2: Slight vessel tortuosity 
(arrowhead) at the distal RCA. AV, atrioventricular node; CRA, 
cranial; LAD, left anterior descending; LAO, left anterior 
oblique; LCX, left circumflex; RAO, right anterior oblique; 
RPD, right posterior descending branch; RCA, right coronary 
artery; RV, right ventricular branch.

Figure 4.  LV mass and LV mass index. (A) Case 1: LV mass 87 
g, LV mass index 59 g/m2. (B) Case 2: LV mass 107 g, LV mass 
index 55 g/m2. LV, left ventricular.

Figure  5.  Computed tomography angiography-derived 
fractional flow reserve. (A) Case 1: FFRCT is 1.00 at the RCA 
ostium and decreases to 0.79 at just proximal site of the 
bifurcation of the right posterior descending branch and 
atrioventricular node. (B) Case 2: FFRCT is 1.00 at the RCA 
ostium and decreases to 0.96 at just proximal site of the 
bifurcation of the right posterior descending branch and 
atrioventricular node. RCA, right coronary artery.
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proximal to the distal segments were smaller in the RCA than that 
in the left anterior descending (LAD) artery or the left circum-
flex (LCX) artery.1 This phenomenon may be related to energy 
loss due to turbulence caused by the bifurcation angle from the 
left main trunk (LMT) to LAD or LCX. In the present cases, the 
RCA was included to avoid the branching influence (from LMT to 
LAD/LCX or LAD/LCX branches) on FFRCT. Moreover, to avoid the 
influence of the right posterior descending branch and atrioven-
tricular node, which are major branches in the RCA, vessels from 
the RCA ostium to just before these branches were compared. 
The present cases showed different FFRCT changes, lumen vol-
ume, and vessel morphology but almost the same vessel length 
and similar low plaque volume and burden. Several studies have 
reported a significant association of FFRCT with plaque volume.1,9 
Deposition of plaque components could lead to impaired func-
tional vasodilatory capacity due to oxidative stress and inflamma-
tion, affecting FFRCT hemodynamics.15,16 The possibility remained 
that different plaque characteristics might cause unexpected 
FFRCT values. Gaur et al2 reported that low density non-CP vol-
ume of ≥30 mm3 predicted FFRCT ≤ 0.80. In our previous study, 
the IAP cut-off value for defining FFRCT ≤ 0.80 was 44.8 mm3.1 
The present cases showed that the IAP volume was as small as 
13 mm3 and 36 mm3 in case 1 and case 2, respectively. Plaque 
volume in our cases was smaller than the previously reported 
thresholds for false positive FFRCT, implicating that the effect on 
FFRCT could be negligible. Plaque volume and burden were not 
significant factors that influenced FFRCT, suggesting that luminal 
morphological differences between cases 1 and 2 played a major 
role in FFRCT hemodynamics. 

Several studies have reported on the effects of vessel morphol-
ogy on FFRCT from 2 perspectives: luminal cross-sectional area 
(2D) and vessel volume (3D). At the 2D level (luminal cross-
sectional area), Collet et  al3 evaluated the variations in FFRCT, 
luminal cross-sectional area, and plaque area at baseline and 
after 54 months of follow-up in patients with early-stage of 
coronary artery disease. Luminal cross-sectional area was cor-
related with changes in FFRCT, but not plaque area. This study did 
not examine plaque characteristics (LAP, IAP, and CP), plaque 
volume, or plaque burden, but it was possible that the plaque 
volume or plaque burden was low because patients with early 

stage of atherosclerosis were enrolled. Computed tomography-
derived fractional flow reserve was validated to be significantly 
correlated with the luminal cross-sectional area at the 2D level. 
At the 3D level (lumen volume), Holmes et al17 reported that RCA 
lumen volume was increased from 1065.8 ± 444.4 to 1147.0 ± 
477.8 mm3 by increasing the dose of nitroglycerin. This has a 
significant effect on coronary vasodilatation and increased FFRCT 
at distal vessel segments (from 0.91 ± 0.04 to 0.92 ± 0.04). 
Furthermore, Gassenmaier et  al4 reported that morphological 
vessel changes such as tapering may contribute to a physiologi-
cal FFRCT decline. Hence, a physiological FFRCT decline may be 
related to vessel morphology. According to Hagen–Poiseuille 
flow, pressure loss is proportional to the length and inversely pro-
portional to the radius of the lumen diameter. This may explain 
why FFRCT changes not only depend on vessel length but also on 
lumen volume. 

This case report had some limitations. First, different degrees of 
vessel tortuosity were observed between cases 1 and 2. Fluid 
dynamically, a large vessel tortuosity may cause turbulent eddies 
and energy loss, resulting in FFRCT decline, although there has 
been no evidence of vessel tortuosity affecting FFRCT. Three-
dimensional volume-rendered image of the coronary tree 
showed that vessel tortuosity was greater in case 2 than in case 
1 (Figure 2). However, FFRCT decline was smaller in case 2. A 
quantitative analysis of turbulent eddies may reveal the effects 
of different degrees of vessel tortuosity on FFRCT in cases 1 and 2. 
Our CT equipment could not quantify turbulent eddies. Second, 
LV mass differed between cases 1 and 2. It was reported that LV 
myocardial-related parameters (LV mass, LV mass index, LV wall 
thickness) affected FFRCT. Of LV myocardial-related parameters, 
LV mass index was the strongest predictor of distal vessel FFRCT 
> 0.80 and an optimal cut-off value of 66.5 g/m2.1 Left ventricle 
mass index in both cases 1 and 2 were smaller than the previously 
reported threshold affecting FFRCT hemodynamics. However, the 
possibility remained that different LV myocardial-related param-
eters might cause unexpected FFRCT. Moreover, increased LV 
mass might cause coronary microvascular dysfunction (CMD), 
resulting in increased FFRCT. Coronary microvascular dysfunction 
can be categorized into 3 categories: structural, functional, and 
extravascular. In the present cases, structural and extravascular 
abnormalities might be involved in CMD. Luminal obstruction 
associated with increased LV mass might cause CMD.18 Coronary 
microvascular dysfunction requires consideration of myocardial 
resistance during maximal hyperemia due to impaired endothe-
lial function.19 Taken together, high microvascular resistance and 
restricted coronary blood flow caused pressure decrease during 
maximal hyperemia to be lower than normally expected, result-
ing in higher FFRCT.

To the best of our knowledge, this is the first report where dif-
ferent distal FFRCT changes were present even though almost 
the same vessel length and plaque volume was below the 
previously reported thresholds affecting FFRCT.1 The main dif-
ference between the 2 patients was the lumen volume and vas-
cular morphology (tapered or not tapered). The present cases 
highlight that FFRCT hemodynamics may affect not only ves-
sel length or plaque volume but also lumen volume or vessel 
morphology.

Figure  6.  Invasive coronary angiography. (A) Case 1: No 
significant coronary artery stenosis in the RCA. (B) Case 2: No 
significant coronary artery stenosis in the RCA. AM, acute 
marginal branch; AV, atrioventricular node; RPD, right 
posterior descending branch; RCA, right coronary artery; RV, 
right ventricular branch.
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Conclusion

Irrespective of the same vessel length, variations in lumen vol-
ume or vascular morphology (tapered or not tapered) may con-
tribute to the differences in FFRCT changes.
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Supplementary Table 1.  Supplementary Vessel Morphology and Plaque Components
Case 1 Case 2

Vessel length (mm) 135.0 133.6

Vessel volume (mm3) 895.0 2479.2

Lumen volume (mm3) 877.8 2443.7

Low-attenuation plaque volume (mm3) 0 0

Inter​media​te-at​tenua​tion plaque volume (mm3) 12.5 35.5

Calcified plaque volume (mm3) 4.7 0

Maximal plaque burden (%) 19.5 6.2

Average plaque burden (%) 1.9 1.4

Lumen diameter at 0 mm (mm) 5.4 5.1

Lumen diameter at 10 mm (mm) 3.8 5.8

Lumen diameter at 50 mm (mm) 2.8 5.0

Lumen diameter at 100 mm (mm) 2.6 4.1

Lumen diameter at 135 or 134 mm (mm) 2.5 3.6

Lumen cross-sectional area at 0 mm (mm2) 22.7 20.1

Lumen cross-sectional area at 10 mm (mm2) 11.2 26.4

Lumen cross-sectional area at 50 mm (mm2) 6.3 19.4

Lumen cross-sectional area at 100 mm (mm2) 5.3 13.0

Lumen cross-sectional area at 135 or 134 (mm2) 5.1 10.0


