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KEYWORDS Abstract Clinical trials have shown that functional assessment of coronary stenosis by
Coronary artery fractional flow reserve (FFR) improves clinical outcomes. Intravascular ultrasound (IVUS) com-
disease; plements conventional angiography, and is a powerful tool to assess atherosclerotic plaques and
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to guide percutaneous coronary intervention (PCl). Computational fluid dynamics (CFD) simula-
tion represents a novel method for the functional assessment of coronary flow. A CFD simulation
can be calculated from the data normally acquired by IVUS images. A case of coronary heart
disease studied with FFR and IVUS, before and after PCI, is presented. A three-dimensional
model was constructed based on IVUS images, to which CFD was applied. A discussion of the
literature concerning the clinical utility of CFD simulation is provided.

© 2014 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espafna, S.L.U. All rights
reserved.

Avaliacdo funcional da doenca arterial coronaria com ultra-som intravascular
e simulacdo computorizada de dinamica de fluidos

Resumo Estudos clinicos demonstraram que a avaliagao funcional da doenca coronaria com fio
de pressao e determinacao da reserva fracionada de fluxo (fractional flow reserve - FFR) mel-
hora a evolugao clinica. O estudo por ultra-som intravascular (IVUS) complementa a angiografia
convencional, e é uma ferramenta poderosa para a avaliacdo das placas ateroscleroticas
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orientando a intervencao coronaria percutanea (ICP). A simulacao computorizada da dinamica

Dinamica de fluidos;
Simulagao
computorizada

de fluidos (CFD), representa um novo método que permite avaliar funcionalmente o fluxo coro-
nario. A CFD pode ser calculada a partir dos dados normalmente obtidos por IVUS. E apresentado
um caso de doenca coronaria estudada com FFR e IVUS, antes e apos a ICP. Foi construido um

modelo tridimensional com base nas imagens obtidas por IVUS e avaliado com a técnica de CFD.
E apresentada uma discussio bibliografica sobre a utilidade clinica da simulacdo com CFD.
© 2014 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafna, S.L.U. Todos os

direitos reservados.

Introduction

Randomized studies have shown that functional assess-
ment of coronary stenosis by fractional flow reserve
(FFR) improves clinical outcomes and reduces unneces-
sary revascularizations.”? Intravascular ultrasound (IVUS)
has been in daily use in catheterization laboratories for
several years. IVUS complements conventional angiography,
and is the gold standard for assessment of atheroscle-
rotic plaques. It also provides live information on the size

Figure 1

of the healthy vessel and lesion characteristics, which
increases the accuracy of endoluminal treatment, thereby
improving the outcomes of percutaneous coronary interven-
tion (PCl).> However, the relationship between anatomic
data from IVUS and functional assessment of ischemia is
the subject of debate.* Computational fluid dynamics (CFD)
simulation is a novel method for the prediction of blood
flow, pressure gradients and functional assessment of spe-
cific coronary lesions.> These techniques can be applied
to functional assessment of coronary flow from the data
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Coronary angiography showing a significant lesion in the proximal left anterior descending (LAD) artery (A). IVUS images

show the LAD ostium without significant lumen involvement and an eccentric calcified lesion (1); in the mid segment a concentric
lesion with severe calcification is visible (2), and the distal segment has a fibrous, concentric, non-significant plaque (3); (B) 3D
IVUS reconstruction of the LAD with pressure gradients obtained through CFD.
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normally acquired by IVUS, by three-dimensional (3D) recon-
struction of models of their images and application of CFD.
A case with coronary artery disease assessed by FFR and
IVUS is presented in which 3D reconstruction and CFD were
subsequently applied to the IVUS images.

Case report

A 61-year-old male patient with a history of hypertension
was admitted in 2011 due to exertional angina for one
month. Coronary angiography showed a significant lesion in
the proximal left anterior descending artery, an image of
myocardial bridging in the mid segment, and a significant
lesion in the distal segment. FFR was performed with intra-
venous administration of adenosine 140 p.g/kg/min, yielding
a value of 0.40. IVUS detected a calcified lesion in the prox-
imal segment with a minimal luminal area of 2.32 mm? and
a length of 29.76 mm (Figure 1). A 3.5 mmx28 mm drug-
eluting stent was implanted directly in the proximal lesion
at 16 atm for 5 seconds. Post-PCl IVUS showed correct stent
expansion and apposition (Figure 2). FFR was repeated,
obtaining a value of 0.80. Medical treatment for the distal
lesion was decided. The patient was discharged two days
later without complications.

Three-dimensional intravascular ultrasound reconstruc-
tion and computational fluid dynamics implementation

Three-dimensional IVUS reconstruction was performed
using the publicly available and validated software

IVUSAngio Tool.® ANSYS release 14.5 software was used for
CFD simulation in accordance with the manufacturer’s User’s
Guide.” A linear model based on stream pressure was used.?
Blood was treated as a homogeneous Newtonian fluid with
a dynamic viscosity of 3.5 mPa/s and a density of 1050
kg/m3. Blood flow was assumed to be laminar and incom-
pressible. A constant and specific uniform model for inlet
profile was specified. Coronary blood flow was calculated for
each model by measuring the angiographic frames required
for contrast to pass from the inlet to the outlet of the
reconstructed segment, the 3D volume of the lumen and
the angiographic frame rate. The arterial wall was consid-
ered rigid. Pressure used in the inlet was 13 332 Pa, assuming
maximal hyperemia with zero resistance to outlet flow.

In the pre-PCl model, a volume of 295.3 mm? and a flow
of 0.55 ml/s with a pressure gradient of 11018 Pa were
obtained. In the post-PCl model a volume of 361.5 mm3
with an improved flow of 1.88 ml/s, and a reduction in the
pressure gradient of 6142 Pa were obtained. The time for
creating the 3D models and implementing the CFD simula-
tion was 185 and 135 minutes respectively.

Discussion

This study exemplifies the value of CFD applied to 3D IVUS
reconstruction, as seen in other studies on the use of CFD
in diagnosis.>® Of these, the most important was probably
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Figure 2  Angiography showing a good angiographic result after PCl of the LAD (A); IVUS images show good expansion and correct
stent apposition (2, 3). The LAD ostium is preserved; (B) 3D IVUS reconstruction of the LAD with pressure gradients obtained through

CFD showing a reduction in pressure drop after PCI.
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DISCOVER-FLOW, in which Koo et al. described the rela-
tionship between FFR obtained by 3D reconstruction of
coronary computed tomography angiography (CTA) and FFR
measured in the catheterization laboratory in patients with
stable coronary artery disease and intermediate lesions with
greater than 50% stenosis on CTA. The correlation they found
between the two methods was 0.72 (p<0.05), improving the
diagnostic accuracy of coronary CTA to predict functionally
significant lesions of 50-80%.° Morris et al. recently reported
similar findings, using 3D reconstruction models of angiog-
raphic images.’ However, although the correlation between
the results obtained from CFD and invasive angiography is
good, the technique has limitations. Firstly, 3D reconstruc-
tion of any exam, whether CT, angiography, or IVUS, does not
exactly represent the structure under study, as it is impos-
sible to recreate human anatomy in this way. Moreover, CFD
simulation cannot fully predict the characteristics of phys-
iologic processes, which will lead to small variations in the
results.®

In conclusion, we believe that the use of 3D IVUS recon-
struction associated with CFD can improve the diagnostic
accuracy of IVUS for the functional assessment of coronary
lesions.
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