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Abstract

Objectives Dipyridamole stress cardiac magnetic resonance
(CMR) evaluates the key phases (perfusion and wall motion)
of the ischemic cascade. We sought to determine the prognos-
tic value of dipyridamole stress-CMR in consecutive patients
symptomatic for chest pain.

Methods Seven hundred and ninety-three consecutive pa-
tients symptomatic for chest pain underwent dipyridamole
stress-CMR and were followed up for 810 + 665 days.
Patients were classified in group 1 (no- reversible ischemia),
group 2 (stress perfusion defect alone), and group 3 [stress
perfusion defect plus abnormal wall motion (AWM)]. End
points were "all cardiac events" (myocardial infarction, cardi-
ac death and revascularization) and "hard cardiac events" (all
cardiac events excluding revascularization).

Results One hundred and ninety-five (24 %) all cardiac events
and 53 (7 %) hard cardiac events were observed. All and hard
cardiac event rates in groups 1, 2, and 3 were 11 %, 49 %,
69 % and 4 %, 8 %, 21 %, respectively, with a higher rate in
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group 2 vs. group 1 (p<0.01) and group 3 vs. groups 1 and 2

(p<0.01). Multivariate analysis showed the presence of late

gadolinium enhancement and stress perfusion defect plus

AWM as independent predictors of all and hard cardiac

events.

Conclusions Dipyridamole stress-CMR improves prognostic

stratification of patients through differentiation between the

different components of the ischemic cascade.

Key Points

* Dipyridamole stress cardiac magnetic resonance helps to
assess coronary artery disease.

* Novel technique to study the key phases of myocardial
ischemia.

» Combined assessment of perfusion and motion defects.

* Dipyridamole stress imaging has additional value for
predicting cardiac events.

Keywords Coronary artery disease - Myocardial ischemia -
Myocardial perfusion imaging - Prognosis - Magnetic
resonance

Abbreviations
AWM  abnormal wall motion

CAD coronary artery disease

CMR cardiac magnetic resonance

ECG electrocardiogram

ICA invasive coronary angiography

LGE late gadolinium enhancement

SD standard deviation

SPECT single photon emission computed tomography
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Introduction

Coronary artery disease (CAD) is a major cause of mortality
and morbidity. Thus, identification of patients at high risk for
adverse events is crucial to identify those who may receive the
greatest benefit from revascularization [1]. However, even
though several non-invasive imaging modalities, such as cardi-
ac computed tomography, exercise electrocardiogram (ECG),
stress echocardiography, and nuclear stress test are suggested as
gatekeepers to invasive coronary angiography (ICA), the diag-
nostic yield of elective ICA remains low [2]. Stress cardiovas-
cular magnetic resonance (CMR) has been recently recognized
as a reliable technique for providing myocardial perfusion and
wall motion evaluation without ionizing radiation with a diag-
nostic accuracy at least comparable to nuclear stress test [3—5].
However, given the increasing health care costs associated with
cardiovascular imaging, the prognostic value of stress CMR
needs to be better evaluated [6]. The studies so far published
have been performed mainly with adenosine or dobutamine
and are affected by the separate evaluation of perfusion and
wall motion, small sample size, and short-term follow-up.
The aim of the current study is to evaluate the mid-term prog-
nostic value of dypiridamole stress CMR in patients with
known or suspected CAD, testing the differential impact of
the two main components of the ischemic cascade [e.g. perfu-
sion defect and abnormal wall motion (AWM)] on outcomes.

Materials and methods

Study population We enrolled 911 consecutive patients
symptomatic for chest pain (Fig. 1) referred to perform
dipyridamole stress CMR. Exclusion criteria were unstable
angina, heart failure, known infiltrative or hypertrophic car-
diomyopathy, myocarditis, severe claustrophobia, presence of
pacemaker or implantable cardioverter device, estimated

Fig. 1 Study workflow. AWM:
abnormal wall motion

N =570

(normal perfusion without
stressAWM)
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glomerular filtration rate <30 mL/min, and contraindication
to dipyridamol use. To avoid the possibility that a revascular-
ization procedure could be directly influenced by stress-CMR
findings, patients with early revascularization (within 60 days
after stress CMR) were excluded from the study. Our study
complies with the Declaration of Helsinki and was approved
by the local ethics committee. All patients gave written in-
formed consent at the time of stress-CMR.

Clinical history A structured interview was obtained in all
patients before stress CMR as previously described [7] with
particular emphasis on: a) hypertension (blood pressure >140/
90 mmHg or use of antihypertensive agents); b) smoking status;
¢) hyperlipidemia (low density lipoprotein cholesterol >140 mg/
dL); ¢) diabetes mellitus (fasting glucose level >110 mg/dL or
need of insulin or oral antidiabetic drugs); e) family history of
CAD in first-degree relatives; f) home use of antianginal drugs;
) history of previous revascularization with percutaneous cor-
onary intervention and/or coronary artery bypass graft.

Stress CMR imaging protocol All patients were evaluated in
a 1.5-T scanner (Discovery MR450, GE Healthcare,
Milwaukee WI, USA) according to the recommendations of
the Society of Cardiovascular Magnetic Resonance (SCMR)
[8]. Patients were asked to refrain from smoking, caffeine,
theophylline, and beta-blockers for 24 h and to maintain fasting
for 6 h. Steady-state free precession cine acquisitions were then
acquired at rest during held expiration in multiple short axis
and three additional long-axis views (two-, three-, and four-
chambers) of the left ventricle. Vasodilatation was induced
with dipyridamole injected at 0.84 mg/kg over 6 min. At the
end of dipyridamole infusion, 0.1 mmol/kg of Gadolinium-
BOPTA (Multihence, Bracco, Milan Italy) was injected intra-
venously at 4 mL/s followed by saline solution with concom-
itant acquisition of three short-axis views (using the same ge-
ometry of rest imaging) of the left ventricle with first-pass

N =911 patients screened
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98 patients excluded for
early revascularization

20 patients lost at follow-up
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N = 793 patients enrolled
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perfusion technique using saturation-prepared T1-weighted
fast gradient-echo sequence. Steady-state free precession cine
acquisitions were then acquired at stress with the same geom-
etry used at rest. Theophylline was intravenously injected
(240 mg i.v.) to null the effect of dypiridamole at the end of
the stress test. Ten minutes after contrast injection, breath-hold
contrast-enhanced segmented T1-weighted inversion-recovery
gradient-echo sequence was acquired with the same prescrip-
tions for cine images to detect late gadolinium enhancement
(LGE) as previously described [9]. The inversion time was
individually adjusted to null normal myocardium.

CMR post-processing data CMR datasets were transferred
to a dedicated workstation and analyzed with a cardiac soft-
ware (Report Card 4.0 GE Healthcare, Milwaukee WI, USA)
by two expert readers (G.P. and P.G.M.) blinded to the clinical
history of the patients using the 17-segment model for the
myocardium. For any disagreement in data analysis between
the two readers, consensus agreement was achieved involving
a third expert reader (D.A.). The following indexes were eval-
uated according to the recommendations of the SCMR [8]:

— End-diastolic and end-systolic left ventricle volumes,
ejection fraction, and left ventricle mass

— AWM at rest: each myocardial segment was classified as
normal (score 0), hypokinetic (score 1), akinetic (score 2),
or diskinetic (score 3). AWM score and number of seg-
ments with AWM were defined as the sum of each seg-
ment score and as number of segments showing score
between 1 and 3, respectively.

—  Stress perfusion defect: a perfusion defect was defined as
persistent delay of enhancement during first pass of the
contrast agent for >3 heart beats at maximum signal in-
tensity in the cavity of the left ventricle evaluated visually
and with segmental location that conformed to coronary
territories according to the American Heart Association/
American College of Cardiology classification [10].
Accordingly, each myocardial segment was classified as
normal (score 0), with subendocardial defect involving
<50 % of left ventricle thickness (score 1), or as
transmural defect involving >50 % of the left ventricle
thickness (score 2). Perfusion defect score and number
of segments with perfusion defects were defined as the
sum of each segment score and as number of segments
showing score between 1 and 2, respectively.

— AWM at stress: AWM score and number of segments
with AWM were measured as previously described for
rest condition.

— LGE was defined as a myocardial segment with an in-
crease of signal intensity >2 standard deviation (SD)
above the mean signal intensity of remote myocardium
[9]. The absolute number and percentage of patients with
LGE, the number of myocardial segments showing LGE,

and the absolute value and percentage of myocardial mass
showing LGE were measured.

— Stress CMR classification: based on CMR findings,
patients were classified in Group 1 (no evidence of
ischemia), Group 2 (evidence of reversible stress per-
fusion defect in at least one myocardial segment), and
Group 3 (evidence of reversible stress perfusion
defect in at least one myocardial segment plus worse-
ning of stress AWM in comparison with rest). Stress
CMR was considered normal for group 1 and abnor-
mal for groups 2 and 3.

Follow-up Patient follow-up was performed by checking the
medical records or by phone interview by researchers unaware
of the patients’ CMR results. Events were defined as follows:
revascularization defined as elective procedure 60 days after
CMR, non-fatal myocardial infarction defined as typical chest
pain with elevated cardiac enzyme levels and typical ST-
segment changes on the electrocardiogram (7), and cardiac
death defined as death caused by acute myocardial infarction,
ventricular arrhythmias, or refractory heart failure. We defined
hard cardiac events as a combined end point of non-fatal myo-
cardial infarction and cardiac death. All cardiac events were
defined as hard cardiac events plus revascularization. In cases
of multiple events in a given patient, the first event was in-
cluded in the analysis.

Statistical analysis Categorical baseline characteristics
were expressed as numbers and percentages, whereas con-
tinuous variables with or without normal distribution were
expressed as mean + SD or as median and inter-quartile
interval, respectively. To identify the association between
CMR variables and outcomes, Cox regression analysis was
used. First, univariate analysis of clinical characteristics
and CMR was performed to identify potential predictors.
Hazard ratios were calculated with 95 % confidence inter-
vals as an estimate of the risk associated with a particular
variable. To determine independent predictors of the com-
posite end points, multivariate analysis of variables with
p<0.05 in univariate analysis was performed and corrected
for the following baseline characteristics: male sex, age,
diabetes, hypercholesterolemia, hypertension, family histo-
ry of CAD, and smoking. Cumulative event rates for each
group were obtained with the Kaplan-Meier method for all
cardiac events and hard cardiac events and compared with
the Wilcoxon log-rank test. Statistical analyses were per-
formed using SPSS software, version 17.0 (SPSS Inc.,
Chicago, IL, USA) and the SAS software version 6.12
(SAS Institute Inc., Cary, NC, USA). A p value <0.05 was
considered significant.
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Table 1  Characteristics of the study population and comparison between patients with normal or abnormal stress CMR

ALL PATIENTS (n=793)  Normal stress CMR (n =570)  Abnormal Stress CMR (n =223)  p-Value

Baseline Characteristics

Patients, n 793 570 223 -
Age, years (mean+SD) 63.9+10.9 64.4+11.3 65.1£10.2 0.09
Male, n (%) 657 (83) 465 (82) 192 (88) 0.12
Risk Factors
Hypertension, n (%) 468 (60) 319 (56) 149 (67) 0.005
Smoker, n (%) 259 (33) 166 (30) 87 (39) 0.007
Hyperlipidaemia, n (%) 490 (63) 337 (59) 153 (69) 0.010
Diabetes, n (%) 144 (18) 90 (16) 54 (24) 0.005
Family history, n (%) 252 (32) 169 (30) 83(37) 0.040
Medical Therapy
Beta-blockers, n (%) 499 (65) 336 (60) 163 (73) 0.001
ACE-inhibitors, n (%) 458 (59) 310 (54) 148 (66) 0.002
Aspirin, n (%) 607 (78) 416 (73) 191 (86) 0.001
Nitrates, n (%) 129 (17) 81 (14) 48 (22) 0.012
Statins, n (%) 539 (70) 367 (64) 172 (77) 0.001
History of Previous Revascularization
PCI, n (%) 383 (48) 266 (47) 117 (52) 0.140
CABG, n (%) 113 (14) 75 (13) 38(17) 0.150
Previous revascularization, n (%) 447 (56) 311 (54) 136 (61) 0.100

CABG, coronary artery bypass graft; CMR, cardiac magnetic resonance; PCI, percutaneous coronary intervention

Results while 20 additional patients were lost during follow-up. Thus,
the study population included in the analysis consisted of 793
Of 911 patients screened, 98 underwent early elective revas-  patients (mean age 63.9 + 10.9 years; 657 men). The clinical

cularization and, therefore, were excluded from the analysis,  characteristics and CMR findings of the study patients are

Table 2 CMR imaging data of the entire study population and comparison between patients with normal and abnormal stress CMR

ALL PATIENTS (n=793) Normal stress CMR (n=570) Abnormal Stress CMR (n =223) p-Value

End-diastolic volume, mL/m? 78.3 (67.1-94.3) 78.85 (67.2-94.7) 77.4 (67.1-94.1) 0.624
End-systolic volume, mL/m? 32.2 (24.1-44.9) 32.3(24.1-44.7) 32.1(24.7-45.3) 0.843
Ejection fraction, % 59 (51-65) 59 (51-65) 59 (50-65) 0.529
Left ventricular mass, g/m2 60.5 (52.8-71) 60.2 (52.3-71.1) 60.8 (54.1-70.4) 0.360
AWM rest score, n 5.36+8.27 5.2348.35 5.534+7.95 0.639
AWM rest, n° of segments 1 (0-5) 0 (0-5) 2 (0-5) 0.010
Perfusion defect stress score, n 2243.71 1.12+3.01 4.94+3.94 <0.0001
Perfusion defect stress, n° of segments 0(0-2) 0 (0-0) 3 (2-5) <0.0001
AWM stress score, n 5.56+8.24 5.07+£8.25 6.67+£8.01 0.014
AWM stress, n° of segments 1 (0-5) 0(0-4) 3 (0-6) <0.0001
LGE, n° of patients, % 375 (47) 248 (43) 127 (57) <0.0001
LGE, n° of segments 0(0-3) 0(0-3) 1(0-4) 0.01
LGE mass, g/m* 1.3 (1-10) 1 (1-10) 2.3 (1-10) 0.097
LGE mass/left ventricular mass, % 3(2-19) 2 (2-18) 4 (2-20) 0.071

AWM, abnormal wall motion; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement
Continuous values with normal distribution are expressed as mean+standard deviation

Continuous values with non-normal distribution are expressed as median (interquartile range)
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Table 3  Major cardiac events of the entire study population and comparison between patients with normal and abnormal stress CMR

ALL PATIENTS (n=793) Normal stress CMR (n =570) Abnormal Stress CMR (n =223) p-Value

Follow-up

Duration, days 622 (425-963)

Revascularization, n (%) 142 (18)
Non-fatal myocardial infarction, n (%) 48 (6)
Cardiac death, n (%) 5(1)

All cardiac events, n (%) 195 (24)

All cardiac event-free period, days 109 (21-345)
Hard cardiac events, n (%) 53(7)

Hard cardiac event-free period, days 329 (196-725)

608 (420-937) 646 (435-989) 0571
44 (8) 98 (44) <0.0001
22 (4) 26 (12) 0.001

1(0.2) 4(2) 0.009
67 (12) 128 (57) <0.0001

325 (159-581) 45 (6-184) <0.0001
23 (4) 30 (13) <0.0001

356 (222-726) 214 (134-321) <0.001

Discrete values are expressed as absolute number (percentage)

Continuous values with normal distribution are expressed as mean+standard deviation

Continuous Values with non-normal distribution are expressed as median (interquartile range)

given in Table 1 and Table 2, respectively. According to stress
CMR classification, 570 (72 %), 132 (17 %), and 91 (11 %)
patients were categorized in groups 1, 2, and 3, respectively
(Fig. 1). Mean follow-up duration was 810 + 655 days with a
median of 622 days (interquartile range 425-963 days).
During follow-up, all cardiac event and hard cardiac event
end points were reached in 195 (24 %) and 53 (7 %) of pa-
tients, with a median event-free survival of 109 days (21-345)
and 329 days (196-725), respectively (Table 3). All cardiac
events and hard cardiac events in normal and abnormal stress
CMR were 67 (12 %) and 23 (4 %) vs. 128 (57 %) and 30 (13
%), respectively, (p<0.0001) with a mean annual rate of 5.4 %
and 1.8 % vs. 25 % and 5.8 %, respectively (p<0.0001)
(Table 3). Moreover, abnormal stress CMR findings identify
a shorter event-free period vs. normal stress CMR for all car-
diac events (»p<0.0001) and hard cardiac events (p< 0.001).
The prevalence of all cardiac events and hard cardiac events in
Groups 1, 2, and 3 were 11 %, 49 %, 69 % and 4 %, 8 %, 21
%, respectively, with a stepwise increase according to the
severity of stress CMR findings (p<0.01) (Fig. 2). Table 4
summarizes the univariate and multivariate analyses of the

ALL CARDIAC EVENTS

100 [ p<0.01 |
20 p<0.01
69%
I p<0.01

60 49%
40
200 119

-

Group 1 Group 2 Group 3

clinical characteristics and CMR results that were used for
event prediction. In the multivariate analysis, the presence of
LGE and a stress CMR showing both perfusion defect and
AWM were the most robust and independent predictors of
all cardiac events and hard cardiac events. Kaplan-Meier
curves showed that stress CMR provides additional prognos-
tic stratification if a perfusion defect is described with or with-
out associated AWM regardless of the history of previous
revascularization (Figs. 3 and 4). Figure 5 shows the case of
a 62-year-old male patient with angina and evidence of a
transmural left ventricle anterior wall perfusion defect in pres-
ence of viable myocardium.

In a subanalysis of patients referred for early revasculariza-
tion and excluded form our study we found that the baseline
characteristics of this subgroup were comparable to the gene-
ral study population (age: 64.1 + 9.2 vs. 63.9 £+ 10.9 years,
male 85 %). Stress-CMR was negative, positive for perfusion
defect alone or positive for perfusion defect plus AWM in 1
(1 %), 10 (10 %), and 88 (88 %), respectively. In all these
patients, obstructive CAD was found at ICA, and the revas-
cularization procedure was performed in agreement. Including

HARD CARDIAC EVENTS
100
80
60
| p<0.01 |
40 [ o001 |
20 p<0.05 21%
8%
40
o —
Group 1 Group 2 Group 3

Fig. 2 Frequency of all cardiac events (left panel) and hard cardiac events (right panel) in patients with normal stress CMR (Group 1), patients with
perfusion defect alone (Group 2) and patients with perfusion defect+t AWM (Group 3). CMR: cardiac magnetic resonance; AWM. abnormal wall motion
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this subgroup of patients in the overall population, the rate of
all cardiac events as compared to the study population does
not significantly change for patients with normal stress-CMR
and with perfusion defect alone (11 % and 52 % vs. 11 % and
49 %, respectively), while there is an increase for the patients
with concomitant perfusion and abnormal wall motion (84 %
vs. 69 %, p<0.001).

Discussion

The main findings of this study are: 1) the presence of a pos-
itive dipyridamole stress CMR predicts a higher rate of

cardiovascular events; 2) the two components of the ischemic
cascade (abnormal perfusion and reduced wall motion) have
incremental prognostic value over conventionally assessed
cardiovascular risk factors; 3) a negative stress test is associ-
ated with a low rate of hard cardiac events with a warranty
period of at least 1 year.

The accuracy of stress CMR for detecting obstructive
CAD has been extensively proved in multiple studies
[3-5, 11, 12]. However, the prognostic value of stress
CMR has not been fully evaluated in patients with
suspected or unknown CAD.

In a recent meta-analysis, Lipinski et al. [6] showed that the
annualized event rates were 0.8 % for a negative study and 4.9

Table 4  Univariate and multivariate predictors of all cardiac events and hard cardiac events

UNIVARIATE ANALYSIS

MULTIVARIATE ANALYSIS

All cardiac events

Hard cardiac events

All cardiac events

Hard cardiac events

LGE

Abnormal stress CMR for
perfusion defect

Abnormal stress CMR for
perfusion defect + AWM

3.02 (2.81-4.12) <0.0001
3.33(2.77-4.01) <0.0001

6.21 (4.44-8.67) <0.0001

2.51(1.83-3.14) <0.001
1.99 (1.45-2.74) <0.001

2.58 (1.50-4.45) <0.001

1.84 (1.43-2.54) <0.01
1.10(0.52-2.33)  0.798

2.72 (1.78-4.15) <0.0001

HR©95%CI)  p-value HR@O5%CI)  p-value HR(95%CI)  p-value HR(95%CI)  p-value
Baseline
Age 1.01 (0.99-1.02) 0.273 1.01 (0.99-1.04) 0.338 1.01 (0.98-1.02) 0.913 1.01 (0.97-1.03) 0.933
Gender 0.81(0.52-1.28) 0.375 1.16 (0.58-2.31) 0.672 1.10 (0.69-1.77)  0.680 1.49 (0.73-3.03)  0.270
Hypertension 1.55(1.10-2.19) 0.013 1.31(0.74-2.34) 0352 - - - -
Smoker 1.53 (1.10-2.12) 0.011 0.8 (0.42-1.5) 0.488 - - - -
Hyperlipidaemia 1.13 (0.81-1.57) 0.475 1.42 (0.79-2.54) 0.244 - - - -
Diabetes 1.38 (0.95-1.99) 0.093 1.55(0.84-2.84) 0.160 - - - -
Family History 1.49 (1.08-2.05) 0.014 1.60 (0.93-2.73)  0.087 1.41 (1.01-1.96) 0.041 1.56 (0.90-2.71  0.112
Medical Therapy
Beta-blockers 2.02 (1.38-2.95) <0.00001 2.09 (1.10-3.99) 0.024 1.42 (0.95-2.14) 0.089 1.48 (0.74-2.95) 0.266
ACE-inhibitors 1.33 (0.95-1.85) 0.095 0.96 (0.56-1.66) 0.891 - - - -
Aspirin 3.19 (1.87-5.45) <0.0001  1.38(0.71-2.70) 0.342 - - - -
Nitrates 1.92 (1.35-2.74) <0.00001 2.02 (1.12-3.61) 0.019 1.16 (0.77-1.73)  0.476 1.68 (0.90-3.1)  0.103
Statins 1.78 (1.2-2.62)  0.003 2.12(1.07-4.19) 0.031 1.26 (0.93-1.91) 0.282 1.61(0.78-3.2)  0.194
CMR
End-diastolic volume 0.99 (0.99-1.01) 0.877 0.99 (0.98-1.01) 0392 - - - -
End-systolic volume 1.01 (0.99-1.01) 0.260 0.99 (0.98-1.01) 0.526 - - - -
Ejection fraction 0.99 (0.98-1.01) 0.119 0.99 (0.97-1.02) 0.698 - - - -
Left ventricular mass 0.99 (0.98-1.01) 0.068 1.01 (1.01-1.02) 0.088 - - - -
AWM rest score 1.02 (1.01-1.04)  0.020 1.01 (0.97-1.03) 0.967 - - - -
AWM rest, n° of segments 1.04 (1.01-1.06) 0.014 1.01 (0.95-1.06) 0.964 - - - -
Perfusion defect stress score, 1.13 (1.09-1.16) <0.0001  1.07 (1.02-1.13) 0.007 1.05(0.94-1.16) 0.394  0.89(0.74-1.07) 0.208
Perfusion defect stress, 1.23 (1.17-1.28) <0.0001  1.15(1.06-1.25) 0.001 1.01 (0.85-1.18)  0.955 1.25(0.95-1.64  0.103
n° of segments
AWM stress score, n 1.03 (1.01-1.05) <0.0001  1.01 (0.98-1.04) 0.441 - - - -
AWM stress, n° of segments  1.05 (1.03-1.08) <0.0001  1.02 (0.97-1.07)  0.508 - - - -

1.64 (1.22-2.31) <0.01
1.12 (0.54-2.60) 0.662

2.61 (1.27-5.38) 0.009
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Fig. 3 Adjusted survival curves for all cardiac events (left panel) and hard cardiac events (right panel) in patients with normal stress CMR (Group 1),
patients with perfusion defect alone (Group 2) and patients with perfusion defectt AWM (Group 3). AWM: abnormal wall motion

% for a positive study, and they observed that evidence of late
gadolinium enhancement was significantly associated with a
worse prognosis. However, the studies included in the meta-
analysis were performed mainly with adenosine or dobuta-
mine and evaluated the two components of the ischemic cas-
cade separately.

Macwar et al. [13] found an annual event rate for hard
events of 0.6 %, 1.7 %, and 1.5 % in 564 patients with
angina and no previous revascularization who showed an
adenosine stress CMR normal, positive for LGE or posi-
tive for reversible perfusion defects, respectively.
Similarly, Buckert et al. [14] showed a hazard ratio of
3.2 associated with reversible perfusion defect in a larger
population (1152 patients) in a long-term (4.2 years) fol-
low-up. These previous data corroborate the view that
adenosine stress CMR has a strong ability of prognostic
stratification, which seems to be preserved regardless of
patient’s gender [15].

Regarding dobutamine studies, Kell et al. [16] evalua-
ted a large cohort (1369 patients) with dobutamine stress
CMR and found that the annual cardiac event rate of a
negative stress test was 1.1 %, while the hazard ratio
associated with a positive dobutamine stress test was
3.3. Similarly, Wallace et al. [17] studied 221 consecutive
women with known or suspected CAD and showed that
the presence of inducible AWM is associated with a
hazard ratio of 2.7 for future hard cardiac events. Of note,
women without inducible AWM experienced a favorable
prognosis in the 5 following years with an annual event
rate of 1.2 %.

Few studies only tested the usefulness of dypiridamol
stress CMR for predicting clinical events [18, 19]. Bodi
et al. [18] found that the prognostic value of perfusion
defects was weaker than AWM under stress, suggesting
that wall motion evaluation outweigths perfusion assess-
ment and it is the CMR index most closely related to
outcome. However, in this study the rate of events based
on a separate analysis of perfusion and wall motion was
not evaluated. On the contrary, this was assessed in a
following study performed in 601 consecutive patients
by the same authors [19] who found an annual hard event
rate of 2.9 %, 11.7 %, and 14.1 % at a mean follow-up of
640 days in the three categories described above, respec-
tively. The progressive increase of hard event rate in these
three categories may be explained by the observation that
the perfusion defect extent is larger in patients with con-
comitant AWM [20]. Of note, the relationship between
perfusion and AWM seems to be lost if the two compo-
nents of the ischemic cascade are evaluated separately.
Indeed, Elhendy et al. [20] compared dobutamine stress
test vs. stress perfusion using single-photon emission
computed tomography (SPECT) and did not find a direct
relationship between the extent of the perfusion defect
and wall motion during stress.

Our results demonstrate that patients with a negative stress
CMR have a low annual hard event rate (1.8 %) in comparison
with patients with a positive stress CMR for perfusion defect
alone (3.6 %) or patients with perfusion defect plus AWM (9.4
%). Of note, to improve the classification of patients having or
not concomitant kinesis abnormalities, we have preferred to
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Fig. 4 Adjusted survival curves without all cardiac events (left panel)
and hard cardiac events (right panel) in non-revascularized patients (up-
per panels) and revascularized patients (lower panels) in patients with

use a semi-quantitative approach employing the AWM
score as previously described rather than visual estima-
tion. Indeed, even though AWM score alone has not be
found as a predictor of cardiac events, the concomitant
presence of a perfusion defect plus kinesis abnormalities
based on AWM score is the more robust independent pre-
dictor for major cardiac events. In addition, the findings
of stress CMR seem to predict adverse outcome beyond
the amount of LGE suggesting an additional prognostic
value. These data support the potential role of stress CMR
in identifying patients at low, middle, and high risk for
future cardiac events. It is noteworthy that the annual hard
event rate in our patients with stress CMR without induc-
ible ischemia is higher than that reported in previous stud-
ies. This result may be explained by the definition used in
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normal stress CMR (Group 1), patients with perfusion defect alone
(Group 2) and patients with perfusion defectrtAWM (Group 3). AWM:
abnormal wall motion

this study for a normal stress CMR. Indeed, stress CMR
was considered normal in case of LGE without inducible
ischemia in order to assess specifically the additional
value of reversible ischemia. On the contrary, abnormal
stress CMR was defined as absence of LGE and reversible
ischemia in previous studies. Therefore, considering that
LGE is an independent predictor of hard events, it may
increase the annual hard cardiac event rate in normal
stress CMR. Moreover, the fact that 56 % of our study
patients underwent prior myocardial revascularization in-
dicates that they were a higher risk population in compa-
rison with patients enrolled in previous studies. As com-
pared to the other studies testing the prognostic value of
stress CMR, the novelty of our study is the use of
dipyridamole that, even though it is an underused stressor,
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Fig. 5 Clinical case of a 62-year-
old male patient with a history of
hypertension and recent onset of
chest pain. Stress CMR with
dipyridamole showed anterior
interventricular septum akinesia
(Panel A, arrow) at rest and
transmural perfusion defect of the
anterior wall of left ventricle
(Panel B , arrow) with preserved
thickening (Panel C, dotted line).
The LGE study showed the
presence of a scar at the level of
the anterior interventricular
septum (Panel D, arrow) without
evidence of fibrosis of the left
ventricle anterior wall. These
findings suggest the presence of
inducible ischemia at the level of
the anterior wall of the left
ventricle indicating myocardial
viability. CMR: cardiac magnetic
resonance; LGE: late gadolinium
enhancement

showed the capability to perform a grading of risk for
events. These findings agree with a few publications
available on the prognostic stratification of dipyridamole
stress CMR. However, as compared to previous reports,
our study has a larger sample size and a longer follow-up.
Moreover, we showed for the first time that patients with
perfusion defect only had at 1 year a similar outcome to
that of patients with normal stress CMR suggesting that
an optimal medical therapy could be useful in this
setting allowing to postpone revascularization until abnor-
mal kinesis is detected. This new approach could be in
agreement with the literature trend that suggests to ad-
dress the patients to revascularization therapy only in case
of at least moderate ischemia. Finally, in our study the
rate of revascularized patients is higher as compared to
previous studies. This allowed to evaluate the prognostic
value of stress CMR analyzing separately patients without
and with a previous history of revascularization. Our re-
sults showed how the prognostic value of stress CMR is
even more robust in revascularized patients. Considering
the emerging prognostic value of cardiac computed to-
mography in native coronary artery evaluation [21] and,
on the contrary, its weakness in revascularized patients,
the evidence of the prognostic value of stress CMR in this
specific subset is an important step forward in the
functional assessment in this kind of patients.

Our results have several clinical implications. First, even
though stress CMR is similar to echocardiography and nuclear
tests for assessing ischemic burden based on wall motion and
perfusion abnormalities, it provides also additional information
such as left ventricle function at rest, presence of LGE and
combined perfusion and wall motion evaluation. Second, this
imaging modality is capable of diagnosing other causes of chest
pain such as pericarditis and myocarditis. Third, with the in-
creased awareness of cumulative radiation exposure risk asso-
ciated with nuclear stress tests, stress CMR is a safer alternative
for management of patients with suspected or known CAD,
particularly in those undergoing repeated tests.

Study limitations

Our study presents several limitations. First, there were a lim-
ited number of hard events due to the stable condition of our
population. Second, the study lacks information regarding
medical therapy after stress CMR. Third, even though a cut-
off of 60 days was considered acceptable to define early re-
vascularization, we cannot exclude that some revasculariza-
tions beyond this cut-off could have been stress-CMR driven.
This may have caused overestimation of the prognostic pre-
diction of all cardiac events by stress CMR. However, while
the presence of a positive stress CMR may influence the de-
cision to refer patients to ICA, the decision to perform
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revascularization was taken at the time of catheterization and
was based on the results of invasive findings. Fourth, we did
not adjudicate the appropriateness of revascularization. Indeed,
in case of stress-CMR driven revascularization procedure of an
intermediate coronary artery lesion, we cannot exclude that
stress-CMR could be associated with a false positive finding
and intermediate coronary stenoses could be a collateral finding
at ICA. This scenario could be avoided by using invasive frac-
tional flow reserve measurement as a gatekeeper to PCI as
suggested by guidelines. However, revascularizations were
not considered in the hard cardiac event analysis to overcome
this limitation. Fifth, perfusion was evaluated visually while a
quantitative approach has been proved to be more reliable.

Conclusions

Dipyridamol stress CMR provides strong prognostic stratifi-
cation of patients with suspected or known CAD and allows
identification of three categories of patients with low, interme-
diate and high risk for future cardiac events. Accordingly, it
appears an attractive diagnostic strategy to avoid radiation
exposure in the management of these patients. Additional
studies are warranted to asses if this type of stratification
may be useful for choosing between optimal medical therapy
and revascularization, reserving the latter option only to pa-
tients with the higher risk for cardiac events.
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