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Opinion
The role of myocardial ischemia in patients with stable coronary artery disease has been 

questioned after several well-done, large trials found no statistical difference in cardiovascular 
events with an initial invasive strategy as compared with a conservative one [1,2], even in the 
long run [3]. These studies have been carefully scrutinized [4,5] as, in clinical practice, it seems 
odd that the relief of the ischemic burden of the heart may have a negligible impact on an 
illness called “Ischemic” Heart Disease (IHD). On the other hand, the proven beneficial effect of 
intervention after a rigorous preselection of patients with truly flow-limiting coronary lesions 
evidenced by physiological invasive measures [6,7] contrasts with this notion, suggesting a 
rationale for choosing the right target at the time of vessel revascularization. This has opened 
interesting debates on several aspects of the issue. One of them, of special relevance in our 
opinion, is the study of the presence and grading of myocardial ischemia performed in these 
trials. Forcibly, it was based on the usual diagnostic techniques available, i.e.: stress EKG, stress 
echocardiography, nuclear perfusion imaging, and, in the most recently studied patients, also 
Cardiovascular Magnetic Resonance (CMR) contrast first-pass perfusion. 

Although all of these methods were appropriately analyzed in a core laboratory [5], a 
common feature of them all is their subjective evaluation, where inducible ischemia is judged 
to be present when EKG changes, regional contractile abnormalities, or perfusion defects, 
appeared under stress conditions, seem quite evident to the operator. The issue of stratifying 
the degree of ischemia, though predefined by consensus [8] and adjusted to current clinical 
standards, is also elementary, as is merely based on the extension of defects, again depending 
on the judgment of the observer. Whatever it may be -if any- the confounding potential of 
these limitations on the mentioned trials, there seems to be room for improvement in the 
assessment of myocardial ischemia for the appropriate management of patients with stable 
IHD [9]. This should involve a double aim: making it less dependent on subjective analysis and 
refining those criteria for a reliable grading. 

The technique of CMR has been enriched recently with the availability of a reliable 
application of quantitative analysis of first-pass contrast myocardial perfusion studies 
developed by Kellman and associates [10]. 

Although quantification of CMR perfusion had been feasible long before [11], it remained 
largely confined to research purposes. This new tool, however, contains several outstanding 
solutions that allow the technique to become an optimal study method for the ischemic 
burden of the heart in current clinical practice. Based on a dual-sequence MR strategy, the 
Quantitative Perfusion Mapping (QPM) technique solves the challenging issue of deriving 
absolute values of Myocardial Blood Flow (MBF) from myocardial signal intensity changes 
through the time-lapse of the myocardial first pass of a contrast agent. Importantly, the process 
is done in-line automatically [12]. In addition, based on an extensive deep learning process 
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[13], myocardial segmentation and allocation of flow values are 
automatically processed and integrated into the MR scanner using 
streaming reconstruction software [14]. The final output consists 
of a bull’s-eye plot of color-encoded MBF values on the myocardial 
16-segment model, and the listed numerical values of absolute rest 
and stress flow (in ml/min/g) and, also, the derived Myocardial 
Perfusion Reserve (MPR), each of them calculated for the endo- and 
epicardial halves of every segment. 

The presence of inducible perfusion defects is thus detected 
not only visually on the raw perfusion images and color map, but 
also quantitatively estimated by the absolute values of stress MBF 
and the corresponding MPR of the involved myocardial segments 
(Figure 1). A most remarkable feature of the dual sequence QPM 

is the fully automated image processing and reconstruction which 
is performed in-line without any user interaction and displayed 
on the scanner within minutes, which contributes to its feasibility 
and reproducibility [15]. Despite its recent introduction, dual-
sequence QPM has been exhaustively validated, with excellent 
results, in comparison studies with Positron Emission Tomography 
[16], still considered as the reference in myocardial blood flow 
quantitation, although scarcely available in routine clinical 
practice due to logistical reasons. Also, QPM has been successfully 
compared with coronary angiography, either quantitative [17], or 
assisted by invasive measures of coronary physiology [18]. These 
studies allowed for the definition of thresholds of Stress MBF to 
detect significant epicardial coronary artery lesions and coronary 
Microvascular Dysfunction (MVD).

Figure 1: Top row: Images from a CMR perfusion study at maximal stress where a subendocardial defect appears 
to be present in most of the segments, leading to the suspicion of moderate-to-severe ischemia. Middle row: 
Corresponding pixel-wise maps of quantitative myocardial perfusion where darker colors identify areas with 

relatively lower values of MBF. Bottom row: Panels of endo/epicardial absolute values of Stress MBF (left) and MPR 
(right) showing reduced values of both parameters only in the subendocardial region of the basal anterior segment 
(arrows), indicating a mild degree of ischemia. Rest perfusion images and quantitative maps are not shown due to 

space constraints.
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Essential for the consideration of QPM as a clinically useful tool 
are those studies of prognostic impact. To date, a large study (>1,000 
patients with a mean follow-up of >1.5 years) has been published 
[19] showing that stress MBF and MPR are strong, independent 
predictors of adverse cardiovascular outcomes. Further reports on 
longitudinal studies, now on their way, will add more information 
enlarging these data, and allowing QPM to be consolidated in 
practice as a unique tool in the arsenal of CMR resources [20]. This 
new body of information from CMR myocardial perfusion has not 
only the potential for detecting conditions poorly known such as 
MVD but also for refining the prognostic stratification of patients 
with stable IHD, making “significant” inducible ischemia a reliable 
concept that, in consequence, should imply a beneficial effect from 
revascularization. The consideration of myocardial ischemia in 
stable IHD is thus still open to new insights, and QPM seems to be 
equipped to play a primary role in this field.
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