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(CFD) MODEL: Validation against invasive pressure catheterization at rest and pharmacological stress

I. Valverde', C. Staicu?, A. Marzo®, H. Grotenhuis®, K. Rhode', Y. Shi’, A. Tzifa', R. Razavi', P. Lawford’, R. Hose?, and P. Beerbaum'
'Imaging Sciences, King's College London, London, United Kingdom, *Department of Cardiovascular Science, Medical Physics Group, University of Sheffield,
Sheffield, United Kingdom, 3Leiden University Medical Centre, Leiden, Netherlands

INTRODUCTION: Current clinical assessment of borderline aortic coarctation may
involve cardiovascular magnetic resonance (CMR) but if inconclusive, invasive
catheterization pressure measurements are required to evaluate the pressure gradient at
rest and during pharmacological stress (isoprenaline)l.
PURPOSE: To predict the aortic pressure distribution in patients with aortic coarctation at
rest and pharmacological stress using a transient rigid-walled computation fluid dynamics
model (RW-CFD).
METHODS: The study cohort comprises 7 patients(age 19+3 years, meantstandard
deviation) with native or recurrent aortic coarctation and 3 control patients(age 3+2 years)
with healthy aortic arches, who underwent both CMR (1.5-Intera,Philips) and
catheterization at rest and pharmacological stress. The model workflow (Figure 1) requires,
as input parameters, the aortic geometry, extracted from a CMR 3D gadolinium contrast-
enhanced sequence (TR=4.4ms,TE=1.8ms,1.5-1.8mm3), and definition of the boundary
conditions. The blood flow (modelled as a Newtonian incompressible fluid) in the aortic
domain is conditioned by the clinical data at three locations as follows: (1) Ascending aortic
root: The inlet flow is extracted from the phase-contrast CMR flow
(TR=4-7erTE=3mSv2-5X2-5X7mmv temporal resolution 80 phases). (2) Supra-aortic Figure 1. Workflow to run the CFD simulation. A. Contrast enhanced cardiovascular
vessels: The flow rate is calculated as a proportion of the inlet flow based on the assumption magnetic resonance (CMR) acquired to image the aortic arch. B. Extracted aortic
of a constant wall shear stress? (3) Diaphragmatic aorta: The pressure waveform is | geometry from the CMR dataset. C. Boundary condition setup in the three openings of
3 B the aortic geometry: 1) The applied flow rate is constructed as a proportion of the inlet
extracted from the invasive catheter data flow in order to have a constant wall shear stress [I/min] 2) Phase-contrast CMR flow
The clinical, invasive, aortic pressure gradients were compared with the predicted pressure obtained in the ascending aorta [l/min]. 3) Catheter pressure measurements at the
distribution along the centreline in the RW-CFD model at the time of peak flow (Table 1). level of the diaphragmatic aorta [mmHe].
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RESULTS: For patients with aortic coarctation, during pharmacological stress, there Pressure at the ascending aorta (o) || Figure 2. CFD model results
was an increase in both heart rate (68+22bpm) and invasive pressure gradient drop across . oo || o
the coarctation (38+£18mmHg, Table). The RW-CFD model predicted accurately the pressure vy . Tsmumonoss || flow rf;;f:ca' :2;’:‘0"15)*“ sorta:
drop at rest -1+7 mmHg, Figure 2), and gave a moderate agreement at stress 16+46 mmHg. | - coarctation (B) and diaphragmatic
Table, Figure 3). For healthy controls, the RW-CFD model correctly predicted the absence /@Z N :;’“‘:a o ove‘f‘o:e’ej;“gfaci“v’:lj
of a significant gradient at both rest and stress (3+3mmHg). . (a;)the fevel of the asaeyndi"gc pora
CONCLUSION: For patients with aortic coarctation, the RW-CFD simulations accurately B ket || catheterization invasive
predict the pressure gradient at rest and give indication of the gradient severity during ot i peak prevsure slong thesorta || smulated by e Ch e g
stress. Furthermore, no gradient was predicted in control patients with normal aortae. [ @ p——r— gg;’;’;};:ﬂk pressure distribution
These preliminary results, whilst using a simple CFD approach and a small cohort of 70 70 “\ Z e ||| centerline from the ascending (a)
patients, are promising. This study represents the first step towards an image-based fluid- N 7 = L[| the d'a;y"“fntjgje eorta W)
solid-interaction CFD analysis. This more sophisticated approach is likely to overcome the 50 \p\'\\/" L E‘VJ";a:kcég'ur:o';':'(:;dhzig)"“"::z
current limitations and might grant additional information. I"" @ the pressure drop t the level of the
In the future, it is envisaged that CFD models could be based on a patient-specific, non- 0 * et (B) and - posterior
invasive and non-ionising radiation assessment such as CMR in order to predict the Ca B Y || tPressure expressed in mmHa]

hemodynamic conditions in the aorta and avoid invasive cardiac catheterization.
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