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First pass contrast-enhanced stress perfusion with cardiac 
magnetic resonance imaging (CMR) has been performed 
clinically since the 1990’s. However, clinical uptake has 
been sluggish due to
1. prior lack of clinical validation in multi-center studies;
2. insufficient training of qualified readers;
3. inadequate reimbursement for these procedures  

compared to other standard stress imaging  
procedures; and

4. inadequate support in international guidelines.
In fact, in the most recent (2012) U.S. guidelines in stable 
ischemic heart disease, CMR stress testing was given short 
shrift [1]. It received a Class IIa indication for patients with 
an intermediate to high pretest likelihood of disease with 
an uninterpretable ECG whereas stress nuclear myocardial 
perfusion imaging or stress echocardiography were given  
a Class I indication for similar patients. Thankfully these 
guidelines are in the midst of being updated. The most  
recent ACCF multimodality Appropriate Use Criteria  
in ischemic heart disease from 2014 [2] list CMR as only 
maybe appropriate for 1) symptomatic low risk patients 
with an uninterpretable ECG or unable to exercise or 2) 
symptomatic intermediate risk patients with uninterpreta-
ble ECG who are able to exercise, whereas stress SPECT  
and echo were rated as appropriate for both clinical  
scenarios. More recent ESC guidelines demonstrate high 
utility for CMR for excluding or including coronary artery 
disease when compared to invasive angiography, especially 
as compared to other imaging tests [3]. However, specific  
recommendations were not offered in regards to the use  
of particular stress imaging modalities.

When performing stress CMR, readers examine images 
for qualitative differences in contrast uptake in the first 
pass wash in of contrast in areas subtended by significant 
coronary stenosis (hypoperfusion) compared to those  
subtended by coronaries without significant stenosis  
during infusion of a vasodilator as a stress agent (typically 

adenosine or regadenoson). This approach to image  
analysis has performed well and shown to be superior to 
single positron emission tomography (SPECT) when accura-
cy was tested against invasive X-ray coronary angiography 
in both single center and multi-center studies [4, 5].  
However, the gold standard for assessment of the severity 
of coronary artery disease has changed over time from 
quantitative coronary angiography to measurement of 
fractional flow reserve (FFR) using an invasive pressure 
wire in the cath lab. Smaller single center studies have 
demonstrated better accuracy of CMR perfusion against  
invasive FFR than against quantitative angiography since 
both of the former measures are physiologic rather than 
anatomic measures [6, 7].

The true measure of test performance is in its relation-
ship to clinical outcomes. In that regards, the recently  
published MR-INFORM study adds a great deal to the  
literature supporting the use of stress CMR [8]. Nagel and 
colleagues studied 918 intermediate to high risk patients 
(either 2 or more CV risk factors or a positive exercise 
treadmill test) with typical angina to one of 2 strategies. 
The first strategy was a CMR-based strategy (MR-Informed) 
with revascularization only recommended for those with 
ischemia in at least 6% of the myocardium. The second was 
an invasive FFR-based strategy (FFR-Informed) in which  
revascularization was performed for FFR ≤ 0.80. The  
composite primary outcome included death, nonfatal MI,  
or target-vessel-revascularization within 1 year. Fewer  
patients underwent revascularization in the CMR group 
(36%) as compared to the FFR group (45%), p = 0.005.  
Despite this difference in revascularization rate, there  
was no difference in the primary endpoint between the  
2 groups (3.6% vs. 3.7%, respectively) such that the  
threshold for noninferiority was met. The percentage of  
patients free from angina at 12 months was also similar  
between groups.
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Thus, a noninvasive approach with CMR leads to similar 
outcomes to an invasive approach, despite a lower rate  
of revascularization. Although cost differences were not  
examined in the initial MR-INFORM publication, it is quite 
likely that costs would be less in the CMR group given the 
lower rate of revascularization. This finding has important 
implications for risk stratification in patients with suspect-
ed ischemic heart disease. Other imaging tests have been 
compared against each other, e.g. coronary computed  
tomographic angiography (CTA) against stress testing,  
primarily with SPECT and echo, in the PROMISE trial show-
ing similar 3 year outcomes [9]. CTA with FFR analysis has 
been compared to invasive FFR in terms of accuracy [10] 
but studies in regards to hard outcomes are ongoing  
(the PRECISE Trial, NCT03702244). To date, other stress  
imaging tests have not been directly compared to invasive 
FFR-driven outcomes as was performed in MR-INFORM. 
Thus, the bar has been raised and CMR has leapt over the 
bar. Here is hoping that guideline recommendations and 
Appropriate Use Criteria ratings follow closely behind.  
Time will tell.
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