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Abstract
Non-invasive cardiac stress imaging plays a central role in the assessment of
patients with known or suspected coronary artery disease. The current guidelines
suggest estimation of the myocardial ischaemic burden as a criterion for
revascularisation on prognostic grounds despite the lack of standardised
reporting of the magnitude of ischaemia on various non-invasive imaging
methods. Future studies should aim to accurately describe the relationship
between myocardial ischaemic burden as assessed by cardiovascular magnetic
resonance imaging and mortality.

Key words: Coronary artery disease; Myocardial ischaemic burden; Non-invasive
imaging; Cardiac stress; Magnetic resonance imaging

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Further studies should aim to accurately describe the relationship between
myocardial ischaemic burden as assessed by stress cardiovascular magnetic resonance
and mortality.

Citation: Merinopoulos I, Gunawardena T, Eccleshall SC, Vassiliou VS. Cardiovascular
magnetic resonance: Stressing the future. World J Cardiol 2019; 11(8): 195-199
URL: https://www.wjgnet.com/1949-8462/full/v11/i8/195.htm
DOI: https://dx.doi.org/10.4330/wjc.v11.i8.195

WJC https://www.wjgnet.com August 26, 2019 Volume 11 Issue 8195

https://www.wjgnet.com
https://dx.doi.org/10.4330/wjc.v11.i8.195
http://orcid.org/0000-0002-2059-0357
http://orcid.org/0000-0003-4456-2649
http://orcid.org/0000-0002-6395-2389
http://orcid.org/0000-0002-4005-7752
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:v.vassiliou@uea.ac.uk


P-Reviewer: Gao BL, Versaci F
S-Editor: Ma YJ
L-Editor: A
E-Editor: Zhou BX

INTRODUCTION
Non-invasive cardiac stress imaging plays a central role in guiding the treatment of
patients  with known or  suspected coronary artery disease  (CAD).  Stress  testing
techniques  performed include  stress  echocardiography,  single  photon  emission
computed tomography (SPECT) myocardial perfusion imaging and more recently
cardiovascular  magnetic  resonance imaging (CMR).  All  functional  tests  support
diagnosis, risk stratification and subsequent management decisions[1] and thus allow
myocardial  ischaemia to  play a  crucial  role  in  the  management  of  patients  with
CAD[2]. As the availability and use of CMR increases, it is increasingly emerging as the
gold standard method of safe, radiation-free perfusion imaging providing functional
assessment and tissue characterisation.

In this editorial, we focus on a recent article by Heitner et al[3] published in JAMA
Cardiology as we feel it is an important study adding credence to the growing role of
pharmacological stress CMR in the assessment of patients with known or suspected
CAD . We will also provide our perspective for the future direction of stress CMR.

STUDY ANALYSIS
Heitner et al[3] provided real-world data for 9151 patients referred for evaluation of
myocardial ischaemia with stress CMR across 7 participating centres followed for a
total  of  48000 patient-years.  Their  analysis  demonstrated a strong association of
abnormal CMR results with all-cause mortality over long-term follow-up up to 10
years with a hazard ratio of 1.8 between the patients who had abnormal scans and
those  that  did  not.  This  hazard  ratio  remained  significant  in  all  8  patient
subpopulations  (presence/absence  of  history  of  CAD,  normal/abnormal  left
ventricular  ejection  fraction  (LVEF),  presence/absence  of  typical  chest  pain,
presence/absence of Late Gadolinium Enhancement). The multivariate analysis also
showed that addition of stress CMR in two different models significantly increased
the χ2 from 581.8 to 687.4 (P < 0.001) and from 620.7 to 721.1 (P < 0.001) respectively,
indicating  that  the  addition  of  stress  CMR  in  the  model  significantly  predicts
mortality  over  and  above  the  other  variables  (including  age,  sex,  diabetes,
hypertension,  hyperlipidaemia,  smoking  status,  history  of  CAD  or  Myocardial
Infarction, body mass index, family history of CAD and LVEF).

Whilst this was not a randomised control trial, it crucially provides real-world data
and demonstrated for the first time that stress CMR is significantly associated with
mortality.  The  major  strengths  of  the  study  lie  in  the  large  number  of  patients
included and the high number of outcomes over long-term follow up. It is important
to consider however, that there were certain limitations. The cause of death is not
known in the study and future studies will have to investigate if stress CMR is able to
predict specific cardiovascular events rather than all-cause mortality. Nevertheless, as
discussed by the authors, all-cause mortality is an objective, unbiased and clinically
relevant hard end point. The authors also acknowledged that they had not been able
to determine if patients were revascularised after the stress CMR. They reasonably
anticipated that  revascularisation would occur more commonly in patients  with
abnormal stress CMR and that revascularisation would improve prognosis and not
increase mortality. Another important limitation is that the study CMRs did not assess
the extent of ischaemic burden but instead categorised ischaemia into “negative” or
“positive”  even  if  just  one  segment  showed abnormal  perfusion.  Although full
quantified perfusion[4]  is not yet part of routine practice, visual semi-quantitative
methods have been described[5] and might have further improved the association with
mortality. Furthermore, information about patient revascularisation in combination
with myocardial ischaemic burden (MIB) might had allowed estimation of a threshold
for MIB, similarly to the way it was estimated in the SPECT studies originally [6],
providing valuable  information regarding the  threshold of  ischaemic  burden as
assessed with stress CMR .

Hachamovitch et al[6] for the first time in 2003 successfully estimated the 10% MIB
threshold with SPECT above which revascularisation offers a survival benefit over
medical therapy, using propensity match scoring of observational data. In 2011, the
same group used SPECT to demonstrate in a slightly larger observational series that
patients with significant ischaemia but without extensive scar were likely to benefit
from revascularisation in contrast to patients with minimal ischaemia[7].  The 10%
threshold for myocardial ischaemia based on SPECT has correlated with perfusion
defect  in  2/16  segments  on  CMR[8]  and  has  been  incorporated  in  the  ESC  2018
guidelines  as  a  criterion for  revascularisation on prognostic  grounds and in  the
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2017 guidelines as a high-risk
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indicator[1,9]. Despite the significance of ischaemia in decision making, there is a lack of
standardized reporting of the magnitude of ischaemia on non-invasive testing, which
contributes to the variability in translating the severity of ischaemia across stress
imaging  modalities [ 8 ].  Given  the  high  diagnostic  and  prognostic  yield  of
pharmacological  stress  CMR with regards to CAD, it  will  be valuable for  future
studies  to  attempt  to  delineate  the  relationship  between  MIB  and  prognosis.
Nonetheless,  Heitner et al[3]  should be highly commended for contributing to the
medical literature; a very well undertaken and described study including a significant
number  of  patients  and  an  extended  follow  up,  supporting  the  prognostically
beneficial use of CMR perfusion in the routine evaluation of patients with suspected
coronary artery disease.

FUTURE DIRECTIONS
Over the  last  few years,  adenosine stress  CMR has  been established as  a  highly
accurate non-invasive and radiation-free method for the diagnosis and prognosis of
CAD. The initial CE-MARC study demonstrated that stress CMR was superior to
SPECT regarding the diagnostic accuracy for CAD[10].  It has also been shown that
compared with stress echocardiography, stress CMR was the strongest independent
predictor of significant CAD among patients with intermediate probability of CAD
presenting to emergency department[11]. The 5-year follow up data from CE-MARC
study demonstrated that stress CMR was the only significant predictor of MACE in
addition to major cardiovascular risk factors, angiographic findings or the effect of
initial  treatment[12].  Even though stress  CMR is  not  universally,  easily  available
currently, the increasing number of studies demonstrating its cost effectiveness over
other non-invasive imaging modalities  indicate that  it  will  become more widely
available in the near future[13-15]. In addition to accurate assessment of ischaemia, stress
CMR offers accurate localisation of ischaemic segments and the extent of myocardial
scar, which have prognostic implications[16]. It has been shown that ischaemia in ≥ 1.5
myocardial segments (in a 16 segment model) is significantly associated with poor
prognosis  as  is  the presence of  myocardial  scar,  albeit  to a lesser degree[17].  Two
potential  drawbacks  of  stress  CMR  perfusion  include  the  visual  assessment  of
perfusion defects as well as the incomplete myocardial coverage. The continuous
development of quantified myocardial perfusion reserve aims to reduce the inherent
interpreter-bias of visual assessment and to increase the diagnostic ability in the
presence of triple-vessel disease. Comparison of quantitative myocardial perfusion
reserve with qualitative assessment of stress CMR has demonstrated that quantitative
assessment differentiates significantly better the MIB particularly in the context of
triple-vessel disease[18]. More recently, it was also shown that quantitative assessment
of MIB was superior to visual assessment with respect to prognosis[4]. The ongoing
development of whole-heart perfusion aims to address the limited, non-contiguous
coverage of  2D stress CMR and ultimately provide a non-invasive,  non-ionizing
radiation method for accurate measurement of MIB. It has been demonstrated that
whole-heart  perfusion  CMR  has  high  diagnostic  accuracy  for  the  detection  of
significant CAD as defined by Fractional Flow Reserve, while estimation of MIB by
whole-heart perfusion has very good correlation with SPECT[19,20].  Comparison of
whole-heart perfusion with high-resolution 2D perfusion has shown that there is
strong correlation between the two techniques for the estimation of MIB however,
there is still uncertainty around the clinically relevant threshold of 10%[21].

In summary, non-invasive accurate assessment of myocardial ischaemic burden is a
clinical necessity with significant implications for prognosis and clinical decision
making. In the near future, further development of stress CMR perfusion techniques
may reveal that quantified, whole-heart perfusion is the most accurate non-invasive
method for the diagnosis and prognosis of CAD.

CONCLUSION
Heitner et al[3] showed for the first time that stress CMR is significantly associated with
worse mortality in a large study of real-world data. This is an important study that
confirms the prognostic significance of stress CMR in terms of mortality in the real
world. The study is a valuable addition to the growing volume of data that supports
the central role of CMR in the diagnosis and stratification of CAD in routine clinical
practice. However, as information about MIB as assessed by stress CMR was not
available, future studies could aim to describe accurately the relationship between
MIB, revascularisation and mortality.

WJC https://www.wjgnet.com August 26, 2019 Volume 11 Issue 8

Merinopoulos I et al. Stress perfusion cardiovascular magnetic resonance

197



REFERENCES
1 Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, Byrne RA, Collet JP, Falk

V, Head SJ, Jüni P, Kastrati A, Koller A, Kristensen SD, Niebauer J, Richter DJ, Seferovic PM, Sibbing D,
Stefanini GG, Windecker S, Yadav R, Zembala MO; ESC Scientific Document Group. 2018 ESC/EACTS
Guidelines on myocardial revascularization. Eur Heart J 2018; 1-96 [PMID: 30165632 DOI:
10.1093/eurheartj/ehy394]

2 Iwasaki K. Myocardial ischemia is a key factor in the management of stable coronary artery disease.
World J Cardiol 2014; 6: 130-139 [PMID: 24772253 DOI: 10.4330/wjc.v6.i4.130]

3 Heitner JF, Kim RJ, Kim HW, Klem I, Shah DJ, Debs D, Farzaneh-Far A, Polsani V, Kim J, Weinsaft J,
Shenoy C, Hughes A, Cargile P, Ho J, Bonow RO, Jenista E, Parker M, Judd RM. Prognostic Value of
Vasodilator Stress Cardiac Magnetic Resonance Imaging: A Multicenter Study With 48 000 Patient-Years
of Follow-up. JAMA Cardiol 2019; [Epub ahead of print] [PMID: 30735566 DOI:
10.1001/jamacardio.2019.0035]

4 Sammut EC, Villa ADM, Di Giovine G, Dancy L, Bosio F, Gibbs T, Jeyabraba S, Schwenke S, Williams
SE, Marber M, Alfakih K, Ismail TF, Razavi R, Chiribiri A. Prognostic Value of Quantitative Stress
Perfusion Cardiac Magnetic Resonance. JACC Cardiovasc Imaging 2018; 11: 686-694 [PMID: 29153572
DOI: 10.1016/j.jcmg.2017.07.022]

5 Gómez-Revelles S, Rossello X, Díaz-Villanueva J, López-Lima I, Sciarresi E, Estofán M, Carreras F,
Pujadas S, Pons-Lladó G. Prognostic value of a new semiquantitative score system for adenosine stress
myocardial perfusion by CMR. Eur Radiol 2019; 29: 2263-2271 [PMID: 30406310 DOI:
10.1007/s00330-018-5774-7]

6 Hachamovitch R, Hayes SW, Friedman JD, Cohen I, Berman DS. Comparison of the short-term survival
benefit associated with revascularization compared with medical therapy in patients with no prior coronary
artery disease undergoing stress myocardial perfusion single photon emission computed tomography.
Circulation 2003; 107: 2900-2907 [PMID: 12771008 DOI: 10.1161/01.CIR.0000072790.23090.41]

7 Hachamovitch R, Rozanski A, Shaw LJ, Stone GW, Thomson LE, Friedman JD, Hayes SW, Cohen I,
Germano G, Berman DS. Impact of ischaemia and scar on the therapeutic benefit derived from myocardial
revascularization vs. medical therapy among patients undergoing stress-rest myocardial perfusion
scintigraphy. Eur Heart J 2011; 32: 1012-1024 [PMID: 21258084 DOI: 10.1093/eurheartj/ehq500]

8 Shaw LJ, Berman DS, Picard MH, Friedrich MG, Kwong RY, Stone GW, Senior R, Min JK,
Hachamovitch R, Scherrer-Crosbie M, Mieres JH, Marwick TH, Phillips LM, Chaudhry FA, Pellikka PA,
Slomka P, Arai AE, Iskandrian AE, Bateman TM, Heller GV, Miller TD, Nagel E, Goyal A, Borges-Neto
S, Boden WE, Reynolds HR, Hochman JS, Maron DJ, Douglas PS; National Institutes of Health/National
Heart, Lung, and Blood Institute-Sponsored ISCHEMIA Trial Investigators. Comparative definitions for
moderate-severe ischemia in stress nuclear, echocardiography, and magnetic resonance imaging. JACC
Cardiovasc Imaging 2014; 7: 593-604 [PMID: 24925328 DOI: 10.1016/j.jcmg.2013.10.021]

9 Patel MR, Calhoon JH, Dehmer GJ, Grantham JA, Maddox TM, Maron DJ, Smith PK.
ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2017 Appropriate Use Criteria for Coronary
Revascularization in Patients With Stable Ischemic Heart Disease: A Report of the American College of
Cardiology Appropriate Use Criteria Task Force, American Association for Thoracic Surgery, American
Heart Association, American Society of Echocardiography, American Society of Nuclear Cardiology,
Society for Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed
Tomography, and Society of Thoracic Surgeons. J Am Coll Cardiol 2017; 69: 2212-2241 [PMID:
28291663 DOI: 10.1016/j.jacc.2017.02.001]

10 Greenwood JP, Maredia N, Younger JF, Brown JM, Nixon J, Everett CC, Bijsterveld P, Ridgway JP,
Radjenovic A, Dickinson CJ, Ball SG, Plein S. Cardiovascular magnetic resonance and single-photon
emission computed tomography for diagnosis of coronary heart disease (CE-MARC): a prospective trial.
Lancet 2012; 379: 453-460 [PMID: 22196944 DOI: 10.1016/S0140-6736(11)61335-4]

11 Heitner JF, Klem I, Rasheed D, Chandra A, Kim HW, Van Assche LM, Parker M, Judd RM, Jollis JG,
Kim RJ. Stress cardiac MR imaging compared with stress echocardiography in the early evaluation of
patients who present to the emergency department with intermediate-risk chest pain. Radiology 2014; 271:
56-64 [PMID: 24475814 DOI: 10.1148/radiol.13130557]

12 Greenwood JP, Herzog BA, Brown JM, Everett CC, Nixon J, Bijsterveld P, Maredia N, Motwani M,
Dickinson CJ, Ball SG, Plein S. Prognostic Value of Cardiovascular Magnetic Resonance and Single-
Photon Emission Computed Tomography in Suspected Coronary Heart Disease: Long-Term Follow-up of
a Prospective, Diagnostic Accuracy Cohort Study. Ann Intern Med 2016; [Epub ahead of print] [PMID:
27158921 DOI: 10.7326/M15-1801]

13 Pletscher M, Walker S, Moschetti K, Pinget C, Wasserfallen JB, Greenwood JP, Schwitter J, Girardin FR.
Cost-effectiveness of functional cardiac imaging in the diagnostic work-up of coronary heart disease. Eur
Heart J Qual Care Clin Outcomes 2016; 2: 201-207 [PMID: 29474611 DOI: 10.1093/ehjqcco/qcw008]

14 Boldt J, Leber AW, Bonaventura K, Sohns C, Stula M, Huppertz A, Haverkamp W, Dorenkamp M. Cost-
effectiveness of cardiovascular magnetic resonance and single-photon emission computed tomography for
diagnosis of coronary artery disease in Germany. J Cardiovasc Magn Reson 2013; 15: 30 [PMID:
23574690 DOI: 10.1186/1532-429X-15-30]

15 Francis S, Cohen J, Olchanski N, Coelho-Filho OR, Heydari B, Shah R, Leavitt MB, Gewirtz H, Kwong
R. Stress CMR myocardial perfusion imaging (CMR-MPI) is cost-effective compared to nuclear SPECT: a
retrospective cost-effectiveness analysis. J Cardiovasc Magn Reson 2012; 14: O3 [DOI:
10.1186/1532-429X-14-S1-O3]

16 Catalano O, Moro G, Perotti M, Frascaroli M, Ceresa M, Antonaci S, Baiardi P, Napolitano C, Baldi M,
Priori SG. Late gadolinium enhancement by cardiovascular magnetic resonance is complementary to left
ventricle ejection fraction in predicting prognosis of patients with stable coronary artery disease. J
Cardiovasc Magn Reson 2012; 14: 29 [PMID: 22607320 DOI: 10.1186/1532-429X-14-29]

17 Vincenti G, Masci PG, Monney P, Rutz T, Hugelshofer S, Gaxherri M, Muller O, Iglesias JF, Eeckhout E,
Lorenzoni V, Pellaton C, Sierro C, Schwitter J. Stress Perfusion CMR in Patients With Known and
Suspected CAD: Prognostic Value and Optimal Ischemic Threshold for Revascularization. JACC
Cardiovasc Imaging 2017; 10: 526-537 [PMID: 28412420 DOI: 10.1016/j.jcmg.2017.02.006]

18 Patel AR, Antkowiak PF, Nandalur KR, West AM, Salerno M, Arora V, Christopher J, Epstein FH,
Kramer CM. Assessment of advanced coronary artery disease: advantages of quantitative cardiac magnetic
resonance perfusion analysis. J Am Coll Cardiol 2010; 56: 561-569 [PMID: 20688211 DOI:
10.1016/j.jacc.2010.02.061]

WJC https://www.wjgnet.com August 26, 2019 Volume 11 Issue 8

Merinopoulos I et al. Stress perfusion cardiovascular magnetic resonance

198

http://www.ncbi.nlm.nih.gov/pubmed/30165632
https://dx.doi.org/10.1093/eurheartj/ehy394
http://www.ncbi.nlm.nih.gov/pubmed/24772253
https://dx.doi.org/10.4330/wjc.v6.i4.130
http://www.ncbi.nlm.nih.gov/pubmed/30735566
https://dx.doi.org/10.1001/jamacardio.2019.0035
http://www.ncbi.nlm.nih.gov/pubmed/29153572
https://dx.doi.org/10.1016/j.jcmg.2017.07.022
http://www.ncbi.nlm.nih.gov/pubmed/30406310
https://dx.doi.org/10.1007/s00330-018-5774-7
http://www.ncbi.nlm.nih.gov/pubmed/12771008
https://dx.doi.org/10.1161/01.CIR.0000072790.23090.41
http://www.ncbi.nlm.nih.gov/pubmed/21258084
https://dx.doi.org/10.1093/eurheartj/ehq500
http://www.ncbi.nlm.nih.gov/pubmed/24925328
https://dx.doi.org/10.1016/j.jcmg.2013.10.021
http://www.ncbi.nlm.nih.gov/pubmed/28291663
https://dx.doi.org/10.1016/j.jacc.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/22196944
https://dx.doi.org/10.1016/S0140-6736(11)61335-4
http://www.ncbi.nlm.nih.gov/pubmed/24475814
https://dx.doi.org/10.1148/radiol.13130557
http://www.ncbi.nlm.nih.gov/pubmed/27158921
https://dx.doi.org/10.7326/M15-1801
http://www.ncbi.nlm.nih.gov/pubmed/29474611
https://dx.doi.org/10.1093/ehjqcco/qcw008
http://www.ncbi.nlm.nih.gov/pubmed/23574690
https://dx.doi.org/10.1186/1532-429X-15-30
https://dx.doi.org/10.1186/1532-429X-14-S1-O3
http://www.ncbi.nlm.nih.gov/pubmed/22607320
https://dx.doi.org/10.1186/1532-429X-14-29
http://www.ncbi.nlm.nih.gov/pubmed/28412420
https://dx.doi.org/10.1016/j.jcmg.2017.02.006
http://www.ncbi.nlm.nih.gov/pubmed/20688211
https://dx.doi.org/10.1016/j.jacc.2010.02.061


19 Manka R, Wissmann L, Gebker R, Jogiya R, Motwani M, Frick M, Reinartz S, Schnackenburg B,
Niemann M, Gotschy A, Kuhl C, Nagel E, Fleck E, Marx N, Luescher TF, Plein S, Kozerke S. Multicenter
evaluation of dynamic three-dimensional magnetic resonance myocardial perfusion imaging for the
detection of coronary artery disease defined by fractional flow reserve. Circ Cardiovasc Imaging 2015; 8:
e003061 [PMID: 25901043 DOI: 10.1161/CIRCIMAGING.114.003061]

20 Jogiya R, Morton G, De Silva K, Reyes E, Hachamovitch R, Kozerke S, Nagel E, Underwood SR, Plein
S. Ischemic burden by 3-dimensional myocardial perfusion cardiovascular magnetic resonance:
comparison with myocardial perfusion scintigraphy. Circ Cardiovasc Imaging 2014; 7: 647-654 [PMID:
24867884 DOI: 10.1161/CIRCIMAGING.113.001620]

21 McDiarmid AK, Ripley DP, Mohee K, Kozerke S, Greenwood JP, Plein S, Motwani M. Three-
dimensional whole-heart vs. two-dimensional high-resolution perfusion-CMR: a pilot study comparing
myocardial ischaemic burden. Eur Heart J Cardiovasc Imaging 2016; 17: 900-908 [PMID: 26450417
DOI: 10.1093/ehjci/jev231]

WJC https://www.wjgnet.com August 26, 2019 Volume 11 Issue 8

Merinopoulos I et al. Stress perfusion cardiovascular magnetic resonance

199

http://www.ncbi.nlm.nih.gov/pubmed/25901043
https://dx.doi.org/10.1161/CIRCIMAGING.114.003061
http://www.ncbi.nlm.nih.gov/pubmed/24867884
https://dx.doi.org/10.1161/CIRCIMAGING.113.001620
http://www.ncbi.nlm.nih.gov/pubmed/26450417
https://dx.doi.org/10.1093/ehjci/jev231


Published By Baishideng Publishing Group Inc

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wjgnet.com

Help Desk: https://www.f6publishing.com/helpdesk

https://www.wjgnet.com

© 2019 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com

