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NONINVASIVE ASSESSMENT OF CORONARY ARTERY DISEASE

One-dimensional modelling of the cardiovascular system has been carried out extensively
in recent years, for gaining a better understanding of pressure-flow propagation. Predic-
tions from such models exhibit many of the features of the systemic and coronary arteries

1].

Estimation of fractional flow reserve (FFR) from computed tomography coronary an-
giograms (CTCA) can be a useful guide in clinical decision-making for revascularization
of specific lesions. FFR appears as one of the most accurate index to assess the functional
severity of coronary stenoses [2]. If resistance is minimal and constant, then pressure
can be used as a surrogate of flow during maximal hyperaemia (Poiseuille’s Law) [3].
Estimation of FFR from CTCA data can provide a noninvasive method for identifying
ischaemia-causing stenosis [4]. The diagnostic performance of this new method relies on
the accurate calculation of coronary flow and pressure from acquired CTCA scans, using
computational fluid dynamics (CFD), and requires the construction of a realistic physio-
logical model.

CORONARY MODEL

The average coronary arterial network is derived from anatomical measurements [5, 6].
While all of the major arteries are incorporated, in terms of function, only a small number
of side branches are included. The average model is then used as a basis for one indi-
vidual’s coronary anatomy, and adapted using measurements obtained from CTCA. The
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one-dimensional coronary model is used in a closed loop system and coupled with zero-
dimensional components, representing the heart, the microcirculation, auto-regulatory
mechanisms and systemic effects.

RESULTS
| Preliminary results are presented using the baseline
//‘l\ A A A h \, A\\ model, for stenoses of varying degree of severity in
o \\‘( \‘I \ J{ 7 : J \Jf \[} the left circumflex artery. Although flow and resis-
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tive losses depend on geometric factors that cannot
be modelled using a 1D approach, we include within
a stenosed segment semi-empirical equations to de-
termine the pressure drop. FFR is independent of
changes in heart rate and systemic blood pressure

FFR=0.71

and is not altered by conditions known to increase
the base-line myocardial flow. The numerical simu-

Figure 1: Phasic and mean aortic and dis-  Jations presented do not currently include a model

tal coronary pressures for a 90% stenosis.

of hyperemic blood flow, to account for the effect of

adenosine on reducing the peripheral resistance of the microcirculation downstream. Fu-
ture work will focus towards the validation of a comprehensive 1D model of the coronary
tree, with the inclusion of patient-specific data.

REFERENCES

1]

K. Low, R. van Loon, I. Sazonov, R.L.T. Bevan, P. Nithiarasu, An improved baseline
model for a human arterial network to study the impact of aneurysms on pressure-
flow waveforms, Int. J. Numer. Meth. Biomed. Engng. 28, 12241246, 2012.

N.H.J. Pijls et al. Measurements of fractional flow reserve to assess the functional
severity of coronary artery stenoses, N. Engl. J. Med., 334, 1703-8, 1996.

M.J. Kern and H. Samady. Current concepts of integrated coronary physiology in
the catheterization laboratory. JACC., 55, 3, 173185, 2010.

M.J. Budoft et al. Diagnostic performance of 64-multidetector row coronary computed
tomographic angiography for evaluation of coronary artery stenosis in individuals
without known coronary artery disease. J. Am. Coll. Cardiol., 52, 1724-32, 2008.

J.T. Dodge et al. Lumen diameter of normal human coronary arteries. Influence of

age, sex, anatomic variation, and left ventricular hypertrophy or dilation. Circ. 86,
232-246, 1992.

D.J. Pennell et al. Magnetic resonance imaging of coronary arteries: technique and
preliminary results. Br. Heart. J. 70, 315-326, 1993.



