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quantification of myocardial perfusion. Unfortunately, the
development of automated techniques has been difficult
because of the extreme dynamic nature of contrastenhanced image sequences and out-of-plane cardiac
motion [2]. We recently developed an automated
technique for myocardial ROIs definition based on
statistical level-set methods and non-rigid registration
approaches [3].
The goal of the present work was to validate this
technique against conventional manual analysis using
images obtained in patients undergoing pharmacological
stress CMR testing. To achieve this goal, we compared
the diagnostic accuracy of the automatically and manually
derived perfusion indices against quantitative coronary
angiography (QCA), which was used as the reference for
presence and severity of coronary artery disease (CAD).

Abstract
We have recently developed an automated technique
using noise-based level-set methods and non-rigid
registration for endocardial and epicardial border
detection as a basis for perfusion quantification from
cardiac magnetic resonance (CMR) images. The goal of
the present work was to validate this technique against
conventional manual analysis both directly and using
quantitative coronary angiography as reference for
significant disease (stenosis >50%). We studied 27
patients undergoing contrast-enhanced CMR imaging
(1.5T) at rest and during adenosine stress. Contrast
enhancement time-curves were constructed and used to
calculate a number of perfusion indices. Measured
segmental pixel intensities in each frame correlated
highly with manual analysis (r=0.95). Bland-Altman
analysis showed small biases (1.3 at rest; 0.0 at stress)
and narrow limits of agreement (±13 at rest; ±14 at
stress). The derived perfusion indices showed the same
diagnostic accuracy as manual analysis (AUC up to 0.72
vs. 0.73). These results indicate that our automated
technique allows fast detection of myocardial ROIs and
quantification of stress-induced perfusion abnormalities
as accurately as manual analysis.

1.

Methods

2.1.

Population

Twenty-seven adult subjects (age 64±13 yrs, 20 males)
were studied using CMR imaging. Exclusion criteria were
standard contraindications to CMR imaging with
gadolinium DTPA (Gd-DTPA), and contraindications to
vasodilator agents. All of these patients, based on
abnormal single-photon emission computed tomography,
were also referred for coronary angiography, which was
performed within 30 days following CMR. Patients were
excluded if they had a recent myocardial infarction, or
were older than 85 years of age.

Introduction

Although cardiac magnetic resonance (CMR) is an
attractive alternative for quantitative evaluation of
myocardial perfusion, it relies on the definition of
myocardial regions of interest (ROIs). This is usually
achieved by manually drawing ROIs in one frame and
then adjusting their position and shape on subsequent
frames to compensate for cardiac motion and deformation
due to respiration [1]. This tedious, time-consuming and
potentially inaccurate methodology has been hindering
widespread clinical application of imaging-based
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2.

2.2.

Imaging

Short-axis images were obtained (Siemens 1.5T
scanner) at 3 levels of the left ventricle (~50 frames per
level) using a hybrid gradient echo/echo planar imaging
sequence (nonselective 90¡ saturation pulse followed by a
80 ms delay, voxel size ~ 2.8 x 2.8 mm, slice thickness 8
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Table 1. Results of the comparisons between perfusion indices derived from automatically and manually generated
contrast enhancement curves: linear regression analysis with PearsonÕs correlation coefficient (y = ax + b and r) and
Bland-Altman analysis of inter-technique differences (bias ± SD).
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Table 2. Results of the ROC analysis for perfusion
indices obtained by both the automated and manual
techniques, expressed as area under curve (AUC).

In summary, our technique allows fast, automated,
user-friendly
and
accurate
measurement
of
intramyocardial contrast enhancement from CMR images,
and may thus address the strong clinical need for
quantitative evaluation of myocardial perfusion.
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CMR perfusion quantification in the clinical environment,
despite its potential diagnostic value.
On the other hand, typical CMR perfusion images are
characterized by relatively low spatial resolution, high
noise levels, and in- and out-of-plane cardiac motion, as
well as rapid and extreme changes in brightness and
contrast of the different image components, which are all
factors hampering the development of an automated
technique for dynamic myocardial ROIs definition.
However, the results of this study show that the proposed
technique is able to generate contrast-enhancement curves
that are well in agreement with the manually extracted
ones. Moreover, the diagnostic accuracy of the two
techniques, when using QCA as reference for presence
and severity of CAD, is virtually the same.

Address for correspondence:
Cristiana Corsi, PhD
University of Bologna
Viale Risorgimento 2, 40136 Bologna, Italy
cristiana.corsi3@unibo.it

840

