
Original Research Article

A direct comparison of the sensitivity of CT and MR cardiac
perfusion using a myocardial perfusion phantom

James Otton MBBS, MBiomedEa,b,*, Geraint Morton MBBS, PhDa,
Andreas Schuster MD, PhDa,c, Boris Bigalke MD, PhDa,d, Riccardo Marano MDa,
Luca Olivotti MD, PhDa, Eike Nagel MD, PhDa, Amedeo Chiribiri MD, PhDa

aKing’s College London, Division of Imaging Sciences, The Rayne Institute, 4th Floor Lambeth Wing, St. Thomas’ Hospital, London SE1 7EH,

United Kingdom
bUniversity of New South Wales, Sydney, Australia
cDepartment of Cardiology and Pulmonology, Georg-August-University and German Center for Cardiovascular Research, Göttingen, Germany
dMedizinische Klinik III, Kardiologie und Kreislauferkrankungen, Eberhard-Karls-University, Tuebingen, Germany

a r t i c l e i n f o

Article history:

Received 28 September 2012

Received in revised form

22 November 2012

Accepted 7 January 2013

Keywords:

Cardiac magnetic resonance

perfusion

Cardiac CT perfusion

Phantom

Cardiac computed tomography

Myocardial perfusion imaging

Myocardial CT perfusion

Cardiac MRI

a b s t r a c t

Background: Direct comparison of CT and magnetic resonance (MR) perfusion techniques

has been limited and in vivo assessment is affected by physiological variability, timing of

image acquisition, and parameter selection.

Objective: We precisely compared high-resolution k-t SENSE MR cardiac perfusion at 3 T

with single-phase CT perfusion (CTP) under identical imaging conditions.

Methods: Weuseda customizedMR imaging andCT compatible dynamicmyocardial perfusion

phantom to represent the human circulation. CT perfusion studies were performed with

a Philips iCT (256 slice) CT, with isotropic resolution of 0.6 mm3. MR perfusion was performed

withk-tSENSEaccelerationat3Tandspatial resolutionof1.2�1.2�10mm.The imagecontrast

between normal and underperfused myocardial compartments was quantified at various

perfusion and photon energy settings. Noise estimates were based on published clinical data.

Results: Contrast by CTP highly depends on photon energy and also timing of imaging

within the myocardial perfusion upslope. For an identical myocardial perfusion deficit, the

native image contrast-to-noise ratio (CNR) generated by CT and MR are similar. If slice

averaging is used, the CNR of a perfusion deficit is expected to be greater for CTP than MR

perfusion (MRP). Perfect timing during single time point CTP imaging is difficult to achieve,

and CNR by CT decreases by 24%e31% two seconds from the optimal imaging time point.

Although single-phase CT perfusion offers higher spatial resolution, MRP allows multiple

time point sampling and quantitative analysis.
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Conclusion: The ability of CTP and current optimal MRP techniques to detect simulated

myocardial perfusion deficits is similar.

Crown Copyright ª 2013 Published by Elsevier Inc. on behalf of Society of Cardiovascular

Computed Tomography. All rights reserved.

1. Introduction

Myocardial perfusion is a major determinant of cardiovas-

cular risk and is an essential tool for the guidance of inter-

ventional strategies.1 Magnetic resonance perfusion (MRP)

represents a highly accurate clinical perfusion imaging tech-

nology,2,3 with higher spatial resolution than single-photon

emission CT4 and excellent correlation with invasive frac-

tional flow reserve (FFR) data.5

The potential use of CT for the assessment of myocardial

perfusion has long been recognized6; however, only recently

has the advent of fast multislice CT technology resulted in

potential widespread clinical application. The most prevalent

method of CT perfusion (CTP) is a single time point

comparison of myocardial contrast densities at rest and

pharmacologic stress. A major multicenter trial of this CTP

methodology7 has recently concluded.

Although CTP findings correlate well with MRP,8e10 direct

and precise comparison of the sensitivity of the 2 techniques

is hampered by several factors, including the lack of an

adequate noninvasive “gold standard,” the wide variety of

acquisition modes of both MRP and CTP, and physiological

and disease variability. Although data from animal models

have been useful for the validation of both MRP11e13 and

CTP14,15 individually, prolonged anesthesia and contrast

accumulationmake this technique problematic for systematic

side-by-side comparison of multiple perfusion modes.

We therefore used a validated myocardial perfusion

phantom16 to precisely compare high-resolution k-t SENSE

MRP at 3 T, an optimal available clinical standard, with single-

phase CTP under identical perfusion conditions. The

comparative sensitivity of each method was evaluated with

a variety of simulated perfusion deficits and CT energy levels.

2. Methods

2.1. Perfusion phantom

A more detailed description and evaluation of the myocardial

perfusion phantom for MRP have previously been published.16

A simplified model of the human cardiovascular circulation

was constructed, consisting of tubing andmixing chambers to

represent the human circulation and to allow physiological

contrast dispersion within the model. The phantom includes

a venous input, atrial and ventricular cardiac chambers,

pulmonary and aortic outputs, coronary arteries, and 2 diffu-

sion chambers to represent myocardial tissue (Figs. 1 and 2).

Input ports on the venous side of the model allow for

contrast injection, and coronary arteries that lead from the

Figure 1 e Myocardial perfusion phantom schematic. L, left; LA, left atrium; LV, left ventricle; PA, pulmonary artery; PV,

pulmonary vein; R, right; RA, right atrium; RV, right ventricle; VC, vena cava. Adapted from Chiribiri et al16 with permission

of Wiley Publishers.
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