
P E R S P E C T I V E

In the past two decades, first-pass perfusion cardiovascular 
magnetic resonance (CMR) has rendered an indispensable tool 
for the noninvasive detection of reversible myocardial ischemia. 
By taking advantage of its high spatial resolution, noninvasive 
and nontoxic nature CMR perfusion imaging has achieved an 
improvement in sensitivity and specificity for the detection of 
coronary artery disease (CAD) (1) and has given further insights 
into the understanding of ischemic heart disease. 

CMR perfusion imaging has been validated against more 
established invasive, catheter-based (2) as well as other 
noninvasive imaging modalities [echocardiography (3), single-
photon emission computed tomography (SPECT) (4,5), and 
positron emission tomography (PET)] (6). Ongoing technical 
innovation with the development of improved hardware, software 

and novel technical approaches, such as novel spatial-temporal 
acceleration techniques (7,8), introduction of novel contrast 
media (9), and blood oxygen-level dependent contrast (10) have 
improved the exam’s diagnostic performance for the assessment 
of coronary artery status and myocardial ischemic burden and 
offered the potential to being employed as a clinical endpoint. 
In this respect, it is now readily available for routine clinical 
assessment of CAD patients.

A potential advantage of perfusion CMR is its ability to 
quantif y perfusion reserve within a myocardial segment. 
Although time-demanding, compared to visual interpretation, 
quantitative evaluation of myocardial perfusion properties with 
CMR, as expressed semi- quantitatively by myocardial perfusion 
reserve index (MPRI) (11) and fully- quantitatively by absolute 
myocardial blood flow (MBF) (12), may provide additional 
clinically relevant information and an objective, stepwise 
correlation of myocardial perfusion impairment to the severity of 
coronary artery status. 

A semi-quantitative analysis of myocardial perfusion is based 
on the assessment of the signal-intensity changes over the course 
of the first pass of the contrast through the myocardium. The 
upslope integral technique has been the most effective semi- 
quantitative method that was studied and yields a high diagnostic 
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accuracy in patients with suspected CAD (1). The accuracy of 
the upslope analysis may, however, be affected by differences in 
the contrast agent’s pharmacodynamics and pharmacokinetic 
properties. The use of fully quantitative perfusion analysis helps 
to avoid these problems. Techniques such as Fermi function 
deconvolution (13) and dual-bolus contrast administration (14) 
offer a relatively accurate correlation with myocardial blood flow 
and yield absolute MBF values, without sacrificing the contrast-
to-noise ratio and subsequent image quality. 

There is limited published data available for the reproducibility 
of serial myocardial perfusion CMR. Muhling et al. primarily 
reported good intra- and inter-observer agreement for good 
quality images, using semi-quantitative analysis in 14 rest and 
3 stress adenosine perfusion exams (15). More recently, Morton 
et al. evaluated the inter-study reproducibility of segmental and 
global absolute quantitative CMR and the influence of diurnal 
variation on perfusion, by applying perfusion imaging three 
times during a single day in eleven healthy volunteers. Inter-
study reproducibility was moderate, and best for global rest 
perfusion. No significant diurnal variation in perfusion was 
observed (16). In another study aiming in healthy volunteers, 
Larghat et al. assessed the reproducibility of semi-quantitative 
and quantitative analysis of first-pass perfusion CMR in 
healthy volunteers (17). Although they showed good results, 
reproducibility was affected by variations between intra-
observer, inter-observer, and inter-study comparisons. Semi-
quantitative analysis was more reproducible than quantitative 
analysis. Reproducibility of systolic and diastolic phases and 
the endocardial and epicardial myocardial layer was similar on 
both semi-quantitative and quantitative analysis. In parallel, as 
part of Multi-Ethnic Study of Atherosclerosis, the inter-study 
reproducibility of quantitative CMR perfusion was assessed. 
Although the interval between the two exams was very long 
(mean 334 days), interestingly this study also demonstrated 
reasonable inter-study reproducibility, with global and rest 
perfusion to be the most reproducible (18). 

These findings did not differ significantly when perfusion 
CMR reproducibility had been examined in patients with CAD. 
Elkington et al. showed good inter-study reproducibility for 
segmental and global semi-quantitative and quantitative analysis 
in a cohort of 9 CAD patients and 7 healthy volunteers who 
underwent adenosine stress perfusion CMR. Reproducibility 
was good in both patients with and without CAD, and more 
significant for global versus regional analyses (19). Chih et al. 
examined the inter-study and inter-observer reproducibility of 
adenosine stress CMR in patients with symptomatic multi-vessel 
CAD and low risk for CAD. Myocardial perfusion was evaluated 
qualitatively by assessing the number of ischemic segments 
and semi-quantitatively. MPRI was lower in patients with CAD 
compared to those with low risk. Inter-study and inter-observer 
reproducibility for MPRI were high. No significant difference in 

reproducibility was found between patients with CAD and those 
with low risk CAD (20).

 In the December 2012 issue of Cardiovascular Diagnosis and 
Therapy, Goykhman et al. (21) studied retrospectively the inter- 
and intra-observer reliability of the data generated by standard 
commercially available software for calculation of the MPRI. 
Stress CMR was performed using a standardized protocol in 
20 women including 10 women with angina and the absence 
of obstructive CAD and 10 healthy volunteers. Basal, mid, and 
apical segments, for the whole myocardium, sub-endocardium, 
and sub-epicardium were analyzed. The MPRI results by 
repeated software measurements were highly correlated, with 
potentially important variations in measurement observed. 
The mid-ventricular level MPRI was most reproducible. Intra-
observer measurement was more reproducible than inter-
observer measurement. 

The authors conclude that there is measurement variation 
inherent in the post processing of the perfusion CMR data 
using standard commercially available software. This variation 
is potentially attributed to a combination of factors including 
variation in stress test response, image acquisition/quality, and 
variation in measurements at the time of post processing.

 In contrast to the high accuracy and reliability of CMR in 
evaluating cardiac function and volumes, perfusion CMR is 
adversely affected by multiple potential reasons during data 
acquisition as well as post-processing. Various image acquisition 
techniques, variation in SA slice acquisitions due to different 
patient positioning and breath holding, various contrast 
agents and doses, such as dual bolus administration as well as 
variable blood flow at rest as well as variable reactions to stress 
will all influence the acquired data. Postprocessing requires 
motion compensation, the detection of endo- and epicardial 
contours, the determination of an input function, as well as 
deconvolution of the myocardial response, all of which will 
reduce reproducibility of perfusion imaging (not only with 
CMR). Reproducibility may also differ due to inherent pitfalls, 
such as differences in the expertise between centers.

Mechanisms underlying the variability in perfusion CMR 
post processing, as well as their clinical significance, are yet to be 
fully elucidated. Nonetheless, post- processing variation reflects 
the practical challenges encountered in both clinical practice and 
research. No quantitative perfusion analysis technique has been 
adopted in clinical practice at this time, and visual inspection 
performed by an experienced reporter remains the mainstay of 
clinical reporting. An approach to standardize interpretation and 
post-processing on CMR studies is needed. The development 
of a universal, reproducible, accurate and easily applicable 
tool in CMR perfusion analysis remains a challenge and will 
substantially enforce the role of perfusion CMR in improving 
clinical care.
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