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Abstract
Objectives A few studies suggest a significant prognostic value of silent myocardial ischaemia detected in asymptomatic
patients. However, the current guidelines do not recommend stress testing in asymptomatic individuals. To assess the long-
term prognostic value of vasodilator stress perfusion cardiovascular magnetic resonance (CMR) in asymptomatic individuals
without known coronary artery disease (CAD).
Methods Between 2009 and 2011, a retrospective cohort study with a median follow-up of 9.2 years (interquartile range: 7.8–
9.6) included 1,027 consecutive asymptomatic individuals with ≥ 2 cardiovascular risk factors but without known known CAD
referred for stress CMR. Major adverse cardiovascular events (MACE) included cardiovascular mortality and nonfatal myocar-
dial infarction (MI).
Results Among 1,027 asymptomatic subjects, 903 (87.9%) (mean age 70.6 ± 12.4 years and 46.2% males) completed the follow-up,
and 91 hadMACE (10.1%). UsingKaplan-Meier analysis, silent ischaemia and unrecognisedMIwere associatedwithMACE (hazard
ratio [HR]: 8.70; 95% CI: 5.79–13.10 and HR: 3.40; 95% CI: 2.15–5.38, respectively; both p < 0.001). In multivariable stepwise Cox
regression, silent ischaemia and unrecognisedMIwere independent predictors ofMACE (HR: 6.66; 95%CI 4.41–9.23; andHR: 2.42;
95% CI 1.23–3.21, respectively; both p < 0.001). The addition of silent ischaemia and unrecognised MI led to improved model
discrimination for MACE (change in C statistic from 0.66 to 0.82; NRI = 0.497; IDI = 0.070).
Conclusions Silent ischaemia and unrecognised MI are good long-term predictors for the incidence of MACE in selected
asymptomatic individuals with multiple risk factors and without known CAD. These stress CMR parameters have incremental
long-term prognostic value to predict MACE over traditional risk factors.
Key Points
• Silent ischaemia and unrecognised myocardial infarction defined by stress CMR are good long-term predictors of cardiovas-
cular events in asymptomatic individuals without known coronary artery disease.

• The addition of stress cardiac MR imaging led to improvedmodel discrimination for cardiovascular events over traditional risk
factors in this specific population.
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Introduction

Coronary artery disease (CAD) represents a leading cause of
morbidity and mortality worldwide [1]. As the healthcare
costs associated with CAD were projected to double between
2015 and 2030 [1], risk stratification and primary prevention
of individuals without known CAD is crucial. Several studies
have demonstrated the cost-effectiveness of stress cardiovas-
cular magnetic resonance (CMR) for risk stratification in
symptomatic patients with known or suspected CAD [2–5].
However, there are very few data assessing the prognostic
value of silent ischaemia detected by stress CMR in asymp-
tomatic subjects at high cardiovascular risk [6, 7]. Current
American and European guidelines do not recommend sys-
tematic stress testing in asymptomatic individuals [8–10], ex-
cept in high-risk diabetics [11]. These guidelines rely on stud-
ies that included symptomatic patients or patients with a low
prevalence of silent ischaemia [12, 13]. The prevalence of
silent ischaemia is highly variable ranging between 2 and
46% depending on the number of risk factors [7, 14–16].
Several studies have shown that asymptomatic patients with
silent ischaemia have the same or even higher cardiovascular
risk than symptomatic patients with typical angina [12, 13].
Therefore, risk stratifying asymptomatic subjects could be
beneficial to manage therapeutic strategy and prevention.

CMR imaging has emerged as an accurate technique to
assess myocardial ischaemia and scar without ionising radia-
tion [2, 3, 17]. Although a recent study suggests that silent
ischaemia by stress CMR can predict cardiovascular events in
asymptomatic individuals [6], targeted prognostic data are
scarce and dedicated subgroup analyses have not been per-
formed [2, 18, 19]. This study aimed to assess the long-term
prognostic value of vasodilator stress perfusion CMR in
asymptomatic individuals without known CAD.

Methods

Study population

Between December 2009 and December 2011, we conducted
a single-centre retrospective study of consecutive asymptom-
atic individuals without known CAD, referred for vasodilator
stress perfusion CMR. Subjects were included if they had ≥ 2

cardiovascular risk factors including age > 50 years for men or
> 60 years for women, diabetes, hypertension, smoking,
dyslipidaemia, family history of CAD, and obesity defined
by body mass index (BMI) ≥ 30 kg/m2. Patients with a known
stenosis ≥ 50% on at least 1 epicardial coronary artery on
invasive coronary angiography or computed tomography an-
giography; patients with a positive functional test; patients with
a history of revascularisation, defined by previous percutane-
ous coronary intervention or coronary artery bypass graft; and
patients with prior myocardial infarction (MI) and prior
hospitalisation for heart failure or LV dysfunction were exclud-
ed. Other exclusion criteria are detailed in Supplementary
Material 1. Clinical data were collected according to medical
history and clinical examination on the day of stress CMR. The
absence of symptoms was checked by a senior cardiologist on
the day of stress CMR. All patients gave informed written
consent for clinical CMR examination and enrolment in the
clinical research study. The study was approved by the local
Ethic Committee of our Institutions and conducted in accor-
dance with the Declaration of Helsinki. This study followed
the STROBE reporting guideline for cohort studies [20].

Patients follow-up and clinical outcome

The follow-up consisted of a clinical visit as part of usual
care (71%) or by direct contact with the patient or the refer-
ring cardiologist (29%). Data collection was ended in
January 2020. Cardiovascular events were checked by med-
ical reports collected from the corresponding hospitals.
Cardiovascular mortality was defined using the electronic
French National Registry of Death (Institut National de la
Statistique et des Etudes Economiques, INSEE registry).
The primary endpoint was the occurrence of at least one of
the combined major adverse clinical events (MACE) defined
as cardiovascular mortality or nonfatal MI. The secondary
endpoint was cardiovascular mortality. Nonfatal MI was de-
fined by typical angina of ≥ 20-min duration, ECG changes,
and a rise in troponin or creatine kinase level above the 99
percentile of the upper reference limit [21]. Cardiovascular
mortality was defined as sudden cardiac death with docu-
mented fatal arrhythmias or any death immediately preceded
by acute MI, acute or exacerbation of heart failure, or stroke.
All clinical events were defined according to standardised
definitions [22]. Late coronary revascularisation was defined
by a revascularisation occurring > 90 days after CMR. For
patients who underwent PCI < 90 days after the index ex-
amination, peri-procedural events (MI or cardiovascular
mortality) were not included in the analysis.

CMR protocol

The detailed CMR protocol has been published in previous
studies [23–25] and detailed in Supplementary Material 2.
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Briefly, CMR was performed in a dedicated CMR laboratory
on a 1.5-T scanner (MAGNETOM Espree, Siemens).
Vasodilation was induced with dipyridamole injected at
0.84 mg/kg over 3 min. After a bolus of gadolinium-based
contrast agent (0.1 mmol/kg), stress perfusion imaging was
performed using an ECG-triggered saturation-prepared bal-
anced steady-state free precession sequence. A series of six
slices (four short-axis views, a 2-chamber, and a 4-chamber
view) were acquired every other heartbeat. Ten minutes after
contrast injection, breath-hold contrast-enhanced 3D T1-
weighted inversion recovery gradient echo sequence was ac-
quired to detect late gadolinium enhancement (LGE).

CMR image analysis

LV volumes and function were quantified on the short-axis
cine stack (syngo.via, Siemens). Stress perfusion and LGE
images were evaluated according to the 17-segment model
of the American Heart Association [26]. The analysis of per-
fusion images was performed visually by two experienced
cardiologists (J.G. and F.S.) blinded to follow-up data. Silent
ischaemia was defined as a subendocardial or transmural per-
fusion defect that (1) occurred in at least one myocardial seg-
ment, (2) persisted for at least three phases beyond peak con-
trast enhancement, (3) followed a coronary distribution, and
(4) in the absence of co-location with LGE [18, 27]. An
unrecognisedMIwas defined by LGEwith ischaemic patterns
defined by subendocardial or transmural LGE [28]. A myo-
cardial segment was considered viable if the LGE thickness
was < 50% of the myocardial wall [29]. The total number of
ischaemic segments was assessed visually in each patient.

Statistical analysis

Continuous variables were expressed as mean ± standard devia-
tion (SD), categorical variables as frequency with percentage,
and follow-up as median and interquartile range (IQR). Patients
with and without silent ischaemia were compared using the
Student’s t test or the Wilcoxon rank-sum test for continuous
variables and the chi-square or Fisher’s exact test for categorical
variables. Cumulative incidence rates of the outcomes were esti-
mated using the Kaplan-Meier method and compared with the
log-rank test. Data of patients who were lost to follow-up were
censored at the time of the last contact. Cox proportional hazards
methods were used to identify the predictors of MACE among
patients with and without silent ischaemia. The assumption of
proportional hazards ratio (HR) was verified. The different mul-
tivariable models used for adjustment were as follows:

Model 1: used a stepwise forward Cox regression strategy
to select the strongest parsimonious set of clinical covar-
iates for MACE and cardiovascular mortality, with a p

value ≤ 0.2 on univariable screening (without silent is-
chaemia and unrecognised MI).
Model 2: model 1 + presence of silent ischaemia and
unrecognised MI.
Model 3: included the following traditional cardiovascu-
lar risk factors: age, male, BMI, hypertension, diabetes
mellitus, current or previous smoking, dyslipidaemia, and
LV ejection fraction (LVEF).
Model 4: model 3 + presence of silent ischaemia and
unrecognised MI.

The discriminative capacity of each model for predicting
MACE was determined according to the Harrell’s C-statistic
before and after addition of silent ischaemia and MI. The
additional predictive value of silent ischaemia and MI was
calculated by the Harrell’s C-statistic increment, the continu-
ous net reclassification improvement (NRI), and the integra-
tive discrimination index (IDI).

In competitive risk analysis, cumulative incidence func-
tions were used to display the proportion of patients with the
event of interest or the competing event (non-fatal MI or
cardiovascular mortality) as time progressed, and the Fine
and Gray regression model was used for the subdistribution
hazard. A two-tailed p value < 0.05 was considered statistical-
ly significant. Statistical analysis was performed using R soft-
ware, version 3.3.1 (R Project for Statistical Computing).

Results

Patients’ characteristics

Among the 6,095 individuals referred for dipyridamole stress
CMR during the inclusion period, 1,027 (16.8%) were asymp-
tomatic and without known CAD. The flowchart of the study
participants is depicted in Fig. 1. Overall, 903 asymptomatic
patients without known CAD completed the clinical follow-
up and constituted our study cohort. Baseline patient charac-
teristics and baseline CMR data are presented in Table 1.
Among the 903 patients (46.2% males, mean age = 70.6 ±
12.4 years), 65.8% had hypertension, 49.1% dyslipidaemia,
43.0% diabetes mellitus, 42.8% obesity, and 24.5% a family
history of CAD and 23.9% were smokers.

CMR study

Of 1,027 asymptomatic patients without known CAD, 982
(95.6%) completed the stress CMR protocol. Reasons for fail-
ure to complete CMR are detailed in the study flowchart
(Fig. 1). No patient died during or shortly after CMR and there
was one case of unstable angina. Detailed safety results are
presented in Supplementary Material 3.
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CMR analysis

In the study cohort, mean LVEF was 62.0 ± 9.1%. Patients
with inducible ischaemia had a lower mean LVEF than
patients without inducible ischaemia (56.8 ± 8.1% vs 62.7 ±
9.2%, p < 0.001, respectively). An unrecognised MI was di-
agnosed in 96 (10.6%) patients, and the presence of silent

ischaemia was detected in 110 (12.2%) patients (Fig. 2).
Among the 96 patients with unrecognised MI, 31 (32.3%)
had silent ischaemia. Patients with silent ischaemia were older
(73.5 ± 11.3 vs. 70.2 ± 12.5 years, p < 0.001), more frequently
males (59.1% vs. 43.1%, p < 0.001), and presented a higher
cardiovascular risk using the 10-year risk for fatal CAD score
(3.1 [1.4–6.2]% vs. 2.0 [0.7–5.1]%, p < 0.001) [30], and the

Table 1 Baseline and CMR characteristics of patients with and without silent ischaemia (N = 903)

All patients
(N = 903)

No silent
ischaemia
(N = 793)

Silent
ischaemia
(N = 110)

p value

Age, years 70.6 ± 12.4 70.2 ± 12.5 73.5 ± 11.3 < 0.001
Males, n (%) 417 (46.2) 352 (44.4) 65 (59.1) < 0.001
Body mass index, kg/m2 31.3 ± 8.5 31.7 ± 8.7 29.1 ± 7.1 < 0.001
Coronary risk factors, n (%)
Diabetes mellitus 388 (43.0) 348 (43.9) 40 (36.4) 0.088
Hypertension 594 (65.8) 522 (65.8) 72 (65.5) 0.987
Dyslipidaemia 443 (49.1) 388 (48.9) 55 (50.0) 0.761
Current or previous smoking 216 (23.9) 188 (23.7) 28 (25.5) 0.567
Family history of CAD 221 (24.5) 197 (24.8) 24 (21.8) 0.411
Obesity* 386 (42.7) 342 (43.1) 44 (40.0) 0.298

Medical history of CV disease, n (%)
Peripheral atheroma 21 (2.3) 18 (2.3) 3 (2.7) 0.561
Ischaemic stroke 36 (4.0) 29 (3.7) 7 (6.4) 0.061
Pacemaker 4 (0.4) 3 (0.4) 1 (0.9) 0.672
Renal failure† 12 (1.3) 12 (1.5) 0 (0.0) 0.201

Indications to stress CMR, n (%)
High cardiovascular risk‡ 603 (66.8) 512 (64.6) 91 (82.7) < 0.001
Inconclusive stress test 292 (32.3) 262 (33.0) 30 (27.3) 0.088
Inconclusive CCTA§ 8 (0.9) 7 (0.9) 1 (0.9) 0.891

Ten-year risk for fatal CAD||, % 2.1 (0.8–5.3) 2.0 (0.7–5.1) 3.1 (1.4–6.2) < 0.001
Cardiac rhythm, n (%)
Sinus rhythm without extrasystoles 704 (78.0) 612 (77.2) 92 (83.6) 0.082
Sinus rhythm with extrasystoles 192 (21.3) 169 (21.3) 23 (20.9)
Atrial fibrillation/supraventricular arrhythmias 7 (0.8) 7 (0.9) 0 (0.0)

LV ejection fraction, % 62.0 ± 9.1 62.7 ± 9.2 56.8 ± 8.1 < 0.001
LV end-diastolic volume index, mL/m2 75.1 ± 21.3 74.6 ± 21.2 78.6 ± 21.5 0.081
LV end-systolic volume index, mL/m2 28.6 ± 13.7 27.8 ± 13.6 34.0 ± 19.2 < 0.001
LV mass, g/m2 71.8 ± 6.1 71.6 ± 6.2 73.3 ± 7.3 0.219
RV ejection fraction, % 55.8 ± 11.2 57.9 ± 11.4 55.0 ± 12.8 0.311
Presence of unrecognised MI, n (%) 96 (10.6) 65 (8.2) 31 (28.2) < 0.001
Presence of viability#, n (%) 40 (4.4) 31 (3.9) 9 (8.2) 0.398
Number of segments of LGE 0.2 ± 1.1 0.2 ± 0.9 1.1 ± 1.8 < 0.001
Number of segments of silent ischaemia 0.4 ± 1.1 0.0 ± 0.0 2.7 ± 1.8 < 0.001
HR at baseline, beats/min 78 ± 12 78 ± 12 80 ± 14 0.421
HR at stress, beats/min 92 ± 9 92 ± 10 97 ± 12 0.069
RPP at baseline, mmHg/beats/min/1000 9.2 (7.6–10.7) 9.2 (7.6–10.7) 9.2 (7.6–11.1) 0.611
RPP at stress, mmHg/beats/min/1000 10.4 (8.8–12.2) 10.4 (8.8–12.2) 11.2 (9.8–13.3) 0.163

Values are n (%), mean ± SD, or median (interquartile range)

*Defined by BMI ≥ 30 kg/m2

†Defined by glomerular filtration rate < 60 mL/min/1.73 m2

‡Defined by Framingham Risk Score > 20% of risk of CAD at 10 years
§ Defined by coronary stenosis of unknown significance on CCTA
|| Based on a modified SCORE project (https://www.escardio.org/Education/Practice-Tools/CVD-prevention-toolbox/SCORE-Risk-Charts) that did not
take into account the total cholesterol level
# Defined by the presence of LGE with < 50% transmurality

Abbreviations: BMI body mass index, CAD coronary artery disease, CCTA coronary computed tomography angiography, CMR cardiac magnetic
resonance, CV cardiovascular disease, GFR glomerular filtration rate, HF heart failure, HR heart rate, LGE late gadolinium enhancement, LV left
ventricle, RPP rate-pressure product (pressure mmHg × heart rate bpm)/1000, RV right ventricle, SD standard deviation

2-tailed p value reached statistical significance (p < 0.05)
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Framingham risk score > 20% of risk of CAD at 10 years
(82.7% vs. 64.6%, p < 0.001) [31]. Among the 388 diabetics,
40 (10.3%) had silent ischaemia and 29 (7.5%) unrecognised
MI. Of the 110 patients with silent ischaemia, 69 (62.7%) had

a coronary angiography with early revascularisation < 90 days
after CMR. Among those, 2 patients were censored due to the
recurrence of MI or cardiovascular mortality within 90 days
after CMR.

Fig. 1 Study flowchart

Fig. 2 Examples of silent ischaemia and unrecognisedMI on stress CMR
in asymptomatic patients. Panel a: normal. Fifty-nine-year-old male with-
out known CAD but with diabetes, hypertension, and active smoking.
Stress CMR revealed no perfusion defect and LGE was negative, ruling
out the diagnosis of CAD. Panel b: silent ischaemia. Sixty-nine-year-old
female without known CAD but with obesity, diabetes, and hypertension.
Stress CMR showed a subendocardial perfusion defect on the inferior
wall on first-pass perfusion images (white arrows) without myocardial
scar on LGE sequences, indicative of silent myocardial ischaemia.
Coronary angiography revealed high-grade stenoses of the RCA. Panel

c: unrecognised MI. Sixty-two-year-old female without known CAD but
with CAD heredity, dyslipidaemia, and hypertension. Stress CMR
showed a subendocardial inferior unrecognised MI on LGE (orange
arrows), with a colocalisation of the perfusion defect (white arrows)
and, therefore, no inducible ischaemia. Coronary angiography confirmed
the chronic occlusion of the RCA and the absence of other significant
stenosis. Abbreviations: CAD, coronary artery disease; CMR, cardiovas-
cular magnetic resonance; LAD, left anterior descending; LGE, late gad-
olinium enhancement; MI, myocardial infarction; RCA, right coronary
artery
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Table 2 Univariable analysis of
clinical and CMR characteristics
for prediction of adverse events
(N = 903)

MACE Cardiovascular mortality

Hazard ratio

(95% CI)

p value Hazard ratio

(95% CI)

p value

Age 1.02 (1.01–1.04) 0.005 1.03 (1.01–1.05) < 0.001
Male 1.96 (1.35–2.86) < 0.001 1.62 (1.08–2.47) 0.019
BMI 0.96 (0.93–1.00) 0.123 0.98 (0.93–1.01) 0.382
Hypertension 1.27 (1.05–1.47) 0.021 1.37 (0.97–1.89) 0.082
Diabetes mellitus 1.09 (1.03–1.18) 0.007 1.04 (0.83–1.60) 0.351
Dyslipidaemia 1.35 (0.94–2.01) 0.234 1.43 (0.95–2.22) 0.102
Current or previous smoking 1.12 (0.74–1.71) 0.591 1.05 (0.64–1.71) 0.858
Family history of CAD 0.81 (0.52–1.28) 0.482 0.68 (0.40–1.13) 0.201
Stroke 0.66 (0.26–1.72) 0.372 0.63 (0.19–1.98) 0.441
Renal failure 0.71 (0.10–5.07) 0.731 0.97 (0.14–6.99) 0.979
Peripheral atheroma 1.32 (0.49–3.57) 0.587 1.74 (0.64–4.75) 0.278
Presence of silent ischaemia 8.70 (5.79–13.10) < 0.001 8.92 (5.63–14.20) < 0.001
Number of segments of silent ischaemia 2.96 (1.98–4.39) < 0.001 2.85 (1.78–4.58) < 0.001
Presence of unrecognised MI 3.40 (2.15–5.38) < 0.001 2.99 (1.76–5.09) < 0.001
Number of segments of LGE 1.23 (1.09–1.79) 0.002 1.16 (1.06–1.55) 0.031
LVEF, per 10 % 0.79 (0.67–0.95) 0.021 0.87 (0.72–1.02) 0.098
LV end-diastolic volume index, per 10 mL/m2 1.10 (1.02–1.15) 0.011 1.05 (0.99–1.14) 0.087
LV end-systolic volume index, per 10 mL/m2 1.09 (1.02–1.17) 0.012 1.04 (0.96–1.13) 0.318
RV ejection fraction, % 0.97 (0.80–1.20) 0.39 1.07 (0.80–1.51) 0.88

Abbreviations: BMI body mass index,CI confidence interval,CMR cardiac magnetic resonance,HF heart failure,
LGE late gadolinium enhancement, LV left ventricle, LVEF left ventricular ejection fraction,MACEmajor adverse
cardiac events, MI myocardial infarction, RV right ventricle

2-tailed p value reached statistical significance (p < 0.05)

Fig. 3 Kaplan-Meier curves for MACE and cardiovascular mortality
stratified by the presence of silent ischaemia (a and b, respectively) or
by the presence of unrecognisedMI (c and d, respectively). Kaplan-Meier
curves of MACE (cardiovascular mortality or nonfatal MI) as a function

of length of follow-up for those with and without myocardial ischaemia
for the study population. Test comparing the two groups is based on the
log-rank test
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Prognostic value

Median (IQR) follow-up was 9.2 (7.8–9.6) years. There were
91 MACE (10.1%), including 72 cardiovascular mortality
(8.0%) and 19 nonfatal MI (2.1%). Furthermore, 121 all-
cause mortality (13.4%), 55 late coronary revascularisations
(6.1%), 12 hospitalisations for heart failure (1.3%), and 10
sustained documented ventricular tachycardia (1.1%) were
recorded. Annualised event rates were 2.2% for MACE,
1.1% for cardiovascular mortality, and 2.9% for all-cause
mortality.

The univariable analysis of baseline individuals and CMR
characteristics for the prediction of MACE and cardiovascular

mortality is presented in Table 2. Age, male gender, hyperten-
sion, diabetes, the presence of silent ischaemia, the number of
ischaemic segments, the presence of unrecognisedMI, LVEF,
and both LV end-diastolic and end-systolic volumes indexed
were all significantly associated with MACE. Using Kaplan-
Meier analysis, silent ischaemia and unrecognised MI were
associated with the occurrence of MACE (HR: 8.70; 95%
CI: 5.79–13.10; and HR: 3.40; 95%CI: 2.15–5.38, respective-
ly; both p < 0.001) (Fig. 3, Supplement 4). In addition, silent
ischaemia was associated with cardiovascular mortality (HR:
8.92; 95% CI: 5.63–14.20), nonfatal MI (HR: 7.02; 95% CI:
3.31–14.92), and all-cause mortality (HR: 4.30; 95% CI:
3.05–6.02, all p < 0.001; Supplement 5). The presence of
silent ischaemia was associated with MACE in both men
(HR: 11.70; 95% CI: 6.53–20.90) and women (HR: 5.32;
95% CI: 2.74–10.30, both p < 0.001; Fig. 4).

In multivariable stepwise Cox regression (model 2), the
presence of silent ischaemia and unrecognised MI were inde-
pendent predictors of a higher incidence of MACE (HR: 6.66;
95% CI 4.41–9.23; and HR: 2.42; 95% CI 1.23–3.21, respec-
tively; both p < 0.001) (Table 3). Moreover, the presence of
silent ischaemia and unrecognised MI were also independent
predictors of cardiovascular mortality (HR: 6.21; 95% CI:
3.89–9.48; and HR: 2.19; 95% CI 1.11–3.12, respectively;
both p < 0.001). In competitive risk analysis, the presence of
silent ischaemia was independently associated with nonfatal
MI and cardiovascular mortality (both p < 0.001) (Table 4 and
Supplement 6).

The negative predictive value of the absence of silent ischae-
mia was homogenous regardless of the age, with an average
annualised event rates of MACE of 2.2% (Supplement 7).

In patients with inducible ischaemia, early revascularisation
within 90 days after CMR was not associated with significant
difference in the occurrence of MACE (p = 0.77) (Fig. 5).

Incremental prognostic value of stress CMR

For the prediction of MACE, baseline C statistic values were
0.66 (95% CI, 0.62–0.69) for model 1 with stepwise variable
selection and 0.72 (95% CI, 0.67–0.78) for model 3 with
traditional cardiovascular risk factors. The addition of CMR-
induced silent ischaemia and unrecognised MI significantly
improved the C statistic to 0.82 (95% CI, 0.78–0.86; C statis-
tic improvement for model 1: 0.16; NRI = 0.497; IDI = 0.070)
and 0.79 (95% CI, 0.76–0.84; C statistic improvement for
model 2: 0.07; NRI = 0.332; IDI = 0.035) (Supplement 8).

Discussion

In asymptomatic patients with cardiovascular risk factors and
no known CAD, the study demonstrates that (1) the preva-
lence of silent ischaemia and unrecognisedMI was 12.2% and

Fig. 4 Kaplan-Meier curves for MACE stratified by the presence of
ischaemia in women (a) and men (b). Kaplan-Meier curves of MACE
(cardiovascular mortality or nonfatal MI) as a function of length of
follow-up for women (a) and men (b) with and without myocardial silent
ischaemia. Test comparing the two groups is based on the log-rank test
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10.6%, respectively; (2) both silent ischaemia and unrecognised
MI were independent long-term predictors of MACE and CV
mortality; and (3) the presence of silent ischaemia and
unrecognised MI improved model discrimination in predicting
MACE, after adjusting for covariates or traditional cardiovas-
cular risk factors. This is the first study showing the incremental
prognostic value of stress CMR over traditional cardiovascular
risk factors in this particular cohort of patients.

Prevalence of silent ischaemia and unrecognised MI

The prevalence of silent ischaemia and unrecognised MI is
consistent with prior studies in patients with a similar level

of cardiovascular risk [6, 14, 15, 32, 33]. The reported
annualised rate of MACE (2.2%) is also in line with contem-
porary cohorts of patients without known CAD [5]. Similar to
the Stress CMR Perfusion Imaging in the United States
(SPINS) study [32], one-third of patients with unrecognised
MI had silent myocardial ischaemia.

Prognostic value of silent ischaemia

The current findings confirm that silent myocardial ischaemia
and unrecognised MI are good prognosticators in asymptom-
atic patients, as suggested by Stacey et al in a study including
347 asymptomatic patients [6]. Although some studies have

Table 3 Multivariable Cox
regression analysis for the
prediction of adverse events (N =
903)

MACE Cardiovascular mortality

Hazard ratio

(95% CI)

p value Hazard ratio

(95% CI)

p value

Model 1*

Age 1.03 (1.01–1.05) 0.001 1.04 (1.02–1.06) < 0.001

Male 1.87 (1.27–2.77) 0.001 1.69 (1.12–2.56) 0.011

Hypertension 1.37 (0.92–2.11) 0.432 1.45 (0.91–2.49) 0.543

Diabetes mellitus 0.71 (0.47–1.07) 0.103 0.70 (0.45–1.11) 0.342

Dyslipidaemia 1.49 (1.02–2.17) 0.037 1.45 (0.95–2.22) 0.077

LV end-systolic volume index, per 10 mL/m2 1.10 (1.02–1.19) 0.011 – –

Model 2†

Presence of silent ischaemia 6.66 (4.41–9.23) < 0.001 6.21 (3.89–9.48) < 0.001

Presence of unrecognised MI 2.42 (1.23–3.21) < 0.001 2.19 (1.11–3.12) < 0.001

Model 3‡

Age 1.03 (1.00–1.05) 0.016 1.03 (1.01–1.06) 0.009

Male 1.92 (1.28–2.87) < 0.001 1.65 (1.05–2.58) 0.022

BMI 0.99 (0.96–1.03) 0.647 0.99 (0.95–1.02) 0.480

Hypertension 1.33 (0.87–2.04) 0.123 1.44 (0.85–2.40) 0.289

Diabetes mellitus 0.70 (0.45–1.07) 0.081 0.69 (0.43–1.13) 0.229

Dyslipidaemia 1.40 (0.96–2.01) 0.281 1.46 (0.94–2.27) 0.097

Current or previous smoking 1.15 (0.74–1.78) 0.527 1.17 (0.70–1.95) 0.544

LVEF, per 10% 0.84 (0.69–0.98) 0.031 0.98 (0.89–1.12) 0.511

Model 4§

Presence of silent ischaemia 5.88 (3.91–8.68) < 0.001 5.80 (3.65–9.22) < 0.001

Presence of unrecognised MI 2.40 (1.20–3.20) < 0.001 2.16 (1.10–3.01) < 0.001

*Covariates in model 1 by stepwise variable selection with entry and exit criteria set at the p ≤ 0.2 level:

- for MACE: age, male, hypertension, diabetes mellitus, dyslipidaemia, LVEF per 10%, LV end-systolic volume
index, per 10 mL/m2

- for CV mortality: age, male, hypertension, diabetes mellitus dyslipidaemia, family history of CAD
†Covariates in model 2: model 1 with silent ischaemia and unrecognised MI
‡Covariates in model 3 were traditional risk factors: age, male, BMI, hypertension, diabetes mellitus, current or
previous smoking, dyslipidaemia and LVEF per 10%
§Covariates in the model 4: model 3 with silent ischaemia and unrecognised MI

Abbreviations: BMI body mass index, CI confidence interval, EDVi end-diastolic volume index, ESVi end-
systolic volume index,HR hazard ratio, LGE late gadolinium enhancement,MACEmajor adverse cardiac events,
LV left ventricle, LVEF left ventricular ejection fraction

2-tailed p value reached statistical significance (p < 0.05)
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emphasised the prognostic value of silent ischaemia in asymp-
tomatic middle-aged individuals [6, 7], the current data show a
good prognostic value of silent ischaemia irrespective of age.

Similarly to previous stress studies in asymptomatic pa-
tients [6, 34], the current report shows a higher prognostic
value of stress CMR in men than in women, but overall dem-
onstrates an excellent prognostic value of silent ischaemia
irrespective of patient sex, which is consistent with results
obtained in the general population [19].

Prognostic value of unrecognised MI

A recent multicentre cohort of patients with chest pain and
suspected CAD showed that the presence of unrecognised or
recognised MI portended an equally significant risk for death
and/or MI [32]. The current study extends these data in
asymptomatic patients with cardiovascular risk factors. In
agreement, a meta-analysis assessing 2,009 participants has
shown that the presence of unrecognised MI is a strong pre-
dictor of MACE and all-cause mortality in asymptomatic pa-
tients [35]. In addition, silent ischaemia and unrecognised MI
improved the prediction risk model of MACE over cardiovas-
cular risk factors after adjusting for covariates, suggesting a
potential role of stress CMR in guiding the preventive man-
agement of such patients.

Risk stratification of asymptomatic patients

Although nearly a third of the cohort underwent a stress test or
CCTA before the stress CMR because of a high cardiovascu-
lar risk, all subjects of the current cohort were asymptomatic.
The current guidelines do not recommend stress testing in
asymptomatic individuals without known CAD. But those
guidelines are mostly based on studies including symptomatic
patients [8–10, 36, 37]. In agreement with prior studies [6], the
current data show that stress CMR has accurate prognostic
value and excellent safety profile in asymptomatic individuals
with cardiovascular risk factors [38].

Table 4 Univariable and multivariable competing risk regression analysis (N = 903)

Nonfatal MI Cardiovascular mortality

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

sHR* (95% CI) p value sHR* (95% CI) p value sHR* (95% CI) p value sHR* (95% CI) p value

Age 0.99 (0.97–1.02) 0.65 – – 1.03 (1.01–1.06) < 0.001 1.03 (1.01–1.05) 0.008

Male 3.98 (1.68–9.39) 0.003 3.01 (1.32–6.99) < 0.001 1.57 (1.04–2.39) 0.033 – –

Body mass index 0.98 (0.92–1.05) 0.58 – – 0.96 (0.94–0.99) 0.004 – –

Hypertension 1.43 (1.17–2.23) < 0.001 – – 1.04 (0.86–1.67) 0.201 – –

Diabetes 1.34 (1.12–2.04) < 0.001 – – 1.33 (0.95–1.89) 0.056 – –

Dyslipidaemia 1.09 (0.54–2.28) 0.781 – – 1.44 (0.94–2.19) 0.095 1.41 (0.93–2.14) 0.11

Smoking 1.41 (0.62–3.21) 0.33 – – 1.02 (0.62–1.68) 0.89 – –

Presence of silent ischaemia 7.21 (4.88–12.1) < 0.001 5.01 (1.67–10.22) < 0.001 8.91 (6.51–12.10) < 0.001 5.76 (3.81–9.02) < 0.001

Presence of LGE 3.64 (1.12–6.23) < 0.001 – – 2.81 (1.74–4.51) < 0.001 1.65 (1.01–2.72) 0.043

LVEF 0.91 (0.84–0.90) 0.001 0.94 (0.89–0.98) 0.041 0.99 (0.96–1.04) 0.81 – –

*HR of the subdistribution hazard function
†Covariates in the model: traditional cardiovascular risk factors: age, male, BMI, hypertension, diabetes mellitus, current or previous smoking,
dyslipidaemia, and LVEF per 10%

Abbreviations: CI confidence interval, LGE late gadolinium enhancement, LV left ventricle, LVEF left ventricular ejection fraction

2-tailed p value reached statistical significance (p < 0.05)

Fig. 5 Kaplan-Meier curves of MACE stratified by realisation of early
revascularisation within 90 days after CMR in patients with ischaemia.
Test comparing the two groups is based on the log-rank test
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This study did not show a significant effect of early
revascularisation on the occurrence of MACE in patients with
inducible ischaemia. These results are consistent with the
ISCHEMIA trial, which strongly emphasised the roles of
optimising medical therapy and the lack of benefit of an early
invasive approach even in patients with chest pain [39].
However, some studies have shown a clinical interest of cor-
onary revascularisation in patients with objective evidence of
silent ischaemia [40]. In a large observational cohort study of
nearly 10,000 patients with asymptomatic stable ischaemic
heart disease and obstructive coronary artery disease,
Czarnecki et al reported a consis tent benefi t of
revascularisation across hospitals in patients with silent is-
chaemia with a reduction in mortality of 19% and in nonfatal
MI of 42% at a median follow-up of 4.6 years [41]. A recent
study including 1,473 patients with silent ischaemia showed a
significant reduction in cardiovascular mortality at 5 years in
the revascularisation group as compared with the medical
therapy group (25 vs. 34%, respectively) [42].

The study suggests that the incremental prognostic value of
stress CMR in asymptomatic individuals at risk could be very
helpful to help optimise prevention strategies in those subjects.
Whether an improved risk stratification could translate into better
diagnostic and therapeutic strategies in asymptomatic individuals
at risk for future cardiovascular events has yet to be
demonstrated.

In patients with stable angina and risk factors for CAD, the
use of stress CMR as a first-line strategy has been recently
compared to an invasive approach with fractional flow reserve
and was shown noninferior in terms of outcomes with a lower
incidence of coronary revascularisation [43]. Along with its
added prognostic value, the steadily increasing expertise and
availability of stress CMR makes it a safe, reproducible, and
reliable test to stratify the risk of cardiovascular events in
asymptomatic patients without known CAD [44].

Study limitations

First, the study was retrospective with a risk of referral bias.
There were 8.0% of patients lost to follow-up, which can be
explained by a relatively long follow-up and the design of the
study. The analysis of the CMR perfusion scans was visual,
but it represents the most widely accepted clinical method
with optimal diagnostic accuracy. Although adenosine is com-
monly used for stress perfusion CMR, dipyridamole was used
in our centre between 2009 and 2011, as in other prognostic
studies [45], mainly because of medico-economic reasons and
similar or very close efficacy/safety profile compared to aden-
osine. Of note, there was a risk of over-estimation of both the
yield and positive predictive value in a more general less
highly selected cohort. Finally, this retrospective study could
not capture all the confounding factors regarding the

association between management decisions after the stress
CMR exam and patient risks.

Conclusions

Stress perfusion CMR has a good discriminative long-term
prognostic value in asymptomatic patients with cardiovascular
risk factors without known CAD. Silent myocardial ischaemia
and unrecognised MI are independently associated with non-
fatal MI and cardiovascular mortality over a long-term follow-
up and offer incremental prognostic value over traditional risk
factors. Whether those findings could result in advances in
decision making and ultimately turn into clinical benefits
needs further evaluation.
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