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Abstract

Background: Current guidelines for assessing the risk of experiencing a hospitalized cardiovascular (CV) event
discourage stress testing of asymptomatic individuals; however, these recommendations are based on evidence
gathered primarily from those aged < 60 years, and do not address the possibility of unrecognized “silent
myocardial ischemia” in middle aged and older adults.

Methods: We performed dobutamine cardiovascular magnetic resonance (CMR) stress testing in 327 consecutively
recruited participants aged > 55 years without CV-related symptoms nor known coronary artery disease, but
otherwise at increased risk for a future CV event due to pre-existing hypertension or diabetes mellitus for at least

5 years. After adjusting for the demographics and CV risk factors, log-rank test and Cox proportional hazards models
determined the additional predictive value of the stress test results for forecasting hospitalized CV events/survival.
Either stress-induced LV wall motion abnormalities or perfusion defects were used to indicate myocardial ischemia.

Results: Participants averaged 68 + 8 years in age; 39% men, 75% Caucasian. There were 38 hospitalized CV events or
deaths which occurred during a mean follow-up of 58 months. Using Kaplan-Meier analyses, myocardial ischemia
identified future CV events/survival (p < 0.001), but this finding was more evident in men (p < 0.001) versus women (p
=0.27). The crude hazard ratio (HR) of myocardial ischemia for CV events/survival was 3.13 (95% Cl: 1.64-5.93; p < 0.
001). After accounting for baseline demographics, CV risk factors, and left ventricular ejection fraction/mass, myocardial
ischemia continued to be associated with CV events/survival [HR: 4.07 (95% Cl: 1.95-8.73) p < 0.001].

Conclusions: Among asymptomatic middle-aged individuals with risk factors for a sentinel CV event, the presence of
myocardial ischemia during dobutamine CMR testing forecasted a future hospitalized CV event or death. Further
studies are needed in middle aged and older individuals to more accurately characterize the prevalence, significance,
and management of asymptomatic myocardial ischemia.

Trial registration: (ClinicalTrials.gov identifier): NCT00542503 and was retrospectively registered on October 11th, 2007.
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Background

Whether to assess or how best to manage silent myocar-
dial ischemia is not well defined. In a general asymptom-
atic population, the prevalence of silent myocardial
ischemia is estimated to be between 2 and 5%, and in
those with a prior myocardial infarction (MI), silent
myocardial ischemia may be as high as 30% [1]. Identifi-
cation of silent myocardial ischemia may be obtained
with dobutamine stress testing [2—5]. Individuals with si-
lent myocardial ischemia have the same level or higher
risk for cardiovascular events and mortality as patients
who present with typical angina [6-9].

To identify those at risk of a future cardiovascular (CV)
event, current guidelines from the American College of
Cardiology (ACC), the American Heart Association (AHA),
and the European Society of Cardiology (ESC) recommend
against stress testing in individuals who do not exhibit an-
ginal symptoms consistent with CV disease. [10, 11] ACC
Appropriateness Use Criteria regard the utility of stress
testing asymptomatic individuals with multiple risk factors
for a CV event as “uncertain” [12—15]. Therefore, when fol-
lowing current guidelines, one often does not perform
stress testing to identify silent myocardial ischemia unless
patients exhibit symptoms that may relate to angina.

Interestingly, many of these recommendations rely on
study results involving younger (aged 35 to 60 years) who
were relatively active individuals with a low prevalence of
“silent ischemia.” In a retrospective review of nearly 2000
exercise stress echocardiograms, inducible ischemia was
not associated with death, but nearly half of the study
population was younger than 50 years [16]. A different
study in patients aged 50-75 years which included over
600 relatively healthy patients found a three-fold increase
in the risk of CV events in those who had silent myocar-
dial ischemia [17]. Older individuals, who may be less ac-
tive than their younger counterparts, may not develop
symptoms, and thus, it remains uncertain as to whether
current AHA/ACC appropriateness criteria are arranged
to identify silent myocardial ischemia in the elderly.

Accordingly, we hypothesized that silent myocardial
ischemia is present in higher-risk middle-aged and eld-
erly individuals, and its presence would identify those at
higher risk for CV events and death during follow-up
after accounting for the presence of traditional CV dis-
ease risk factors. This prospective study funded by com-
bined resources of the National Heart Lung and Blood
Institute and the National Aging Institute of the Na-
tional Institutes of Health within the United States was
performed to address a gap in knowledge related to the
utility of CV stress testing in middle-aged and older indi-
viduals with a) risk factors for a CV event (evaluated via
calculation of their Framingham risk score), b) no con-
current symptoms associated with CV disease, and c)
the potential presence of unrecognized silent ischemia.
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Methods

Study design

The study was approved by the Institutional Review Board
of Wake Forest Health Sciences, and each participant pro-
vided witnessed, written informed consent. This study was
registered with Clinicaltrials.gov (NCT00542503) and
funded by National Institutes of Health grants
RO1HL076438 and P30AG21332. The purpose of this joint
initiative was to the utility of pharmacologic cardiovascular
magnetic resonance (CMR) stress testing results to identify
those at risk of future hospitalizations for cardiac events.
Upon enrollment risk factors for cardiac events, vital signs
and fasting blood samples were collected; thereafter, each
participant underwent a dobutamine stress CMR (DCMR)
test in which hemodynamic and left ventricular [LV] vol-
umes, mass, ejection fraction and stress induced LV wall
motion abnormalities were recorded.

After stress testing, active surveillance for hospitalized
cardiac events was performed through follow-up tele-
phone interviews conducted at 4-month intervals by a re-
search nurse who was blinded to the DCMR results. If an
event was suspected during the phone interview, it was
substantiated by thorough review of the participant’s med-
ical record. Clinical hospitalization events included a) inci-
dent heart failure (defined as the acute onset of dyspnea,
chest x-ray evidence of congestion or a serum B-type
natriuretic peptide level > 100 pg/ml, and receipt of intra-
venous diuretics), b) myocardial infarction (angina of
>20 min duration and a rise in troponin or creatine kinase
level above the 99 percentile of the upper reference limit)
[18], ¢) unstable angina warranting coronary artery revas-
cularization, d) sudden cardiac death (death during the
hospital admission for acute coronary syndrome, signifi-
cant cardiac arrhythmia, refractory heart failure, or death
at home after chest pain complaint), or e) transient ische-
mic attack or cerebrovascular accident. Any participants
who experienced an epicardial coronary artery revasculari-
zation procedure within 6 weeks of DCMR were excluded
from the longitudinal event analysis.

Study population

The study included participants from central and west-
ern North Carolina who possessed established risk fac-
tors (hypertension, diabetes) for a future hospitalized
cardiac event for more than 5 years prior to study en-
rollment. This 5-year pre-requisite of a risk factor was
suggested by NHLBI to address concerns of increasing
risk suspected for individuals with longstanding CV dis-
ease. Potential participants were excluded if a) they had
known coronary artery disease (CAD) or had experi-
enced a prior myocardial infarction, b) reported any car-
diovascular related symptoms such as chest pain or
shortness of breath at rest or with exertion 6 months
prior to enrollment, or c) exhibited a contraindication to
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intravenous dobutamine or CMR exam (e.g., presence of
incompatible bio-metallic implants or claustrophobia).
Recruitment of study participants was achieved through
newspaper and television advertisements and mailings to
randomly selected individuals 55 to 90 years within the
catchment area. To define certain covariates, such as
hypertension and cholesterolemia, patients were catego-
rized by JNC-7 and NCEP ATP-III, respectively, or by
prior provider-based diagnosis [19, 20].

DCMR stress test procedure

The DCMR stress test protocol was accomplished accord-
ing to previously published techniques, [21-24] and im-
ages were acquired on a 15T (Avanto, Siemens
Healthineers, Erlangen, Germany) whole-body imaging
system. LV cines were obtained in multiple contiguous
short axis slices (apex to base) and in 3 long axis views (2,
3, and 4 chamber) at baseline, peak dobutamine stress,
and then after 10 min of recovery. To achieve peak stress,
dobutamine was titrated up to 40 ug/kg/min (without or
with up to 1.5 mg of atropine) to achieve 80% of the max-
imum predicted heart rate response for age. This target
heart rate response was selected based on our prior stud-
ies demonstrating its efficacy for a) identifying inducible
ischemia and b) adverse cardiac prognoses [22]. If the
heart rate was more than 30 beats under the target heart
rate at 20 pg/kg/min of dobutamine, atropine was admin-
istered. Brachial artery systolic (SBP) and diastolic blood
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pressure (DBP) were measured with an automatic CMR
compatible sphygmomanometer.

LV wall motion analysis

The LV wall motion at baseline, peak dobutamine stress
and in recovery was assessed with a visual scoring system
in which 17 LV segments were scored according to AHA
guidelines by CMR trained cardiologists (see Fig. 1) [22].
Inducible LV wall motion abnormalities were defined as
an increase in a score of > 1 (e.g.,, normal to hypokinetic)
in 2 or more contiguous myocardial segments. Segments
with an LV wall motion score of 2 or 3 at rest with no
worsening of wall motion were considered negative for is-
chemia [24]. Also, per previously published techniques,
LV volumes were measured from the short-axis series of
cine white blood imaging sequences using a modified
Simpson’s rule method [25]. Image acquisition parameters
included a 45 msec repetition time (TR), a 1 msec echo
time (TE), a 78° flip angle (FA), a 400 x 324 mm field of
view (FOV), a 192 x 109 matrix, and an 8 mm thick slice
with a 2 mm gap and an acceleration factor of 2.

LV perfusion analysis

In those individuals with estimated glomerular filtration
rates of >60 ml/min,, first pass perfusion imaging with
gadobenate dimeglumine (0.1 mmol/kg; Multihance,
Bracco Diagnostics Princeton, New Jersey, USA) was per-
formed when 80% of the maximum predicted heart rate

Rest

Stress

End-Diastole

Fig. 1 Dobutamine Stress-induced Wall Motion Abnormality. Stress-induced left ventricular (LV) wall motion abnormality obtained at peak DCMR.
(Rest images on top; Stress images on bottom; Red arrow points toward an area of decreased myocardial thickening during stress)

End-Systole
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Fig. 2 Stress-induced Myocardial Perfusion Defect: Apical stress-
induced perfusion defect obtained at peak stress during
dobutamine stress cardiovascular magnetic resonance (DCMR) stress
test. Red arrows highlight lack of contrast relative to other
myocardial segments to indicate a stress-induced perfusion defect

was achieved. At peak stress, 2 slices for assessing myocar-
dial first pass perfusion were obtained. These perfusion
images were collected in the short axis orientation in the
middle and apical segments (2 slice positions due to the
rapid heart rate). Image parameters included an 8 mm
thick slice, TR 169 msec, TE 1.1 msec, FA of 12°, FOV of
360 x 270 mm and 192 x 108 matrix. Rest first-pass perfu-
sion imaging was not performed. Any perfusion defect
that persisted for more than 5 frames from onset of myo-
cardial enhancement and encompassed > 25% of the thick-
ness of the wall was further evaluated for classification as
ischemic (see Fig. 2) [24].

Myocardial ischemia

For the purposes of these analyses, unless otherwise spe-
cified, myocardial ischemia was defined according to
previously published criteria including the presence of a
stress-induced wall motion abnormality or the presence
of a stress-induced perfusion defect for those who re-
ceived contrast [24].

Statistical analyses

Participants were analyzed in their entirety and also
stratified by gender and the presence or absence of
hospitalized CV events during the follow-up period.
Fischer’s exact tests for dichotomous risk factor vari-
ables and two sample Student’s t-tests for continuous
data were used to evaluate differences between those
who did and did not experience hospitalized CV
events. Cox proportional hazards regression models
were used to determine the univariable association
with each risk factor variable separately and the haz-
ard of experiencing a hospitalized CV event. The
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increased or decreased risk of a future hospitalized
CV event due to the presence or absence of a given
variable was expressed by a hazard ratio (HR) with a
corresponding 95% confidence interval (CI). A Cox
multivariable model was constructed with a stepwise
selection method using a p-value of 0.25 to enter or a
p-value of 0.10 stay in the model to guard against
over-fitting. Kaplan-Meier estimates were used to esti-
mate event rates between those who did and did not
demonstrate myocardial ischemia. These differences
were also statistically evaluated using the log-rank
test. Finally, multi-variate Cox proportional hazard
models were used with incremental adjustment to
evaluate the relationship between myocardial ischemia
and clinical events. The different models used for this
adjustment were as follows:

Model 1: age, race, gender, height, weight

Model 2: Model 1 + diabetes mellitus, hypertension,
tobacco use, atrial fibrillation, hypercholesterolemia, sys-
tolic blood pressure

Model 3: Model 2 + left ventricular ejection fraction,
left ventricular mass

All statistical analyses were performed with SAS JMP
Pro 13.0 software package (SAS Institute, Cary, North
Carolina, USA).

Results

The age of the 327 participants within the study averaged
68 + 8 (range 55 to 86) years; 39% men, 75% Caucasian,
22% African-American. The study population’s demo-
graphic data are displayed in Table 1. The pre-test likeli-
hood for CAD was 30%. The imaging associated results
are shown in Table 2. Of those included in our study iden-
tified as having myocardial ischemia, 19 (5.8%) had
stress-induced wall motion abnormalities only, 38 (11.5%)
had a stress-induced perfusion defect only, and 22 (6.7%)
had both a stress-induced wall motion abnormality and a
perfusion defect. Contrast was administered to 222
(67.9%) of all participants because 108 participants had an
estimated glomerular filtration rate<60 ml/min (a
pre-determined threshold for which gadolinium contrast
would not be administered).

Relative to men, women required less total dobutamine
(30 + 143 versus 357 + 176 pg/kg, p =0.004) and atropine
(042 +0.30 versus 0.57+0.31 mg, p<0.001) to achieve
their target heart rate. The difference in the total atropine
persisted after adjusting for weight (5.3 £ 3.7 versus 6.3 £
3.9 pg/kg, in women versus men, p =0.05). There was no
difference in the peak rate-pressure product between men
and women (16,101 vs 15,816 mmHg-bpm, respectively; p
=0.57). Over 94% of those included followed up for >
3 years, but in those with <3 years follow-up, the partici-
pants (21 participants) tended to be older (71.9 + 6 vs 68.1
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Table 1 Baseline Characteristics of Demographics and Medical History by Events/Gender

Women Men

No CV events CV events p-value No CV events CV events p-value

(n=177) (n=22) (n=112) (n=16)
Age (years) 68.7+8 69+7 0.90 69+8 72+9 0.29
Caucasian (n, %) 130 (73%) 15 (68%) 0.36 86 (77%) 15 (94%) 0.34
African-American (n, %) 4 (24%) 6 (28%) - 22 (20%) 1 (6%) -
Body Mass Index (kg/m?) 31+6 32+6 0.26 29+5 30+7 053
Height (cm) 1627 164+8 0.26 175+8 175+9 0.98
Weight (kg) 81+18 89+ 18 0.12 91+£17 95+ 16 0.55
Total Cholesterol (mg/dL) 163 +46 172+67 0.59 143+ 36 151 +40 0.59
High Density Lipoprotein Cholesterol (mg/dL) 51+14 49+ 16 0.65 42+ 14 41+ 11 0.80
Hypertension, n (%) 168 (95%) 21 (95%) 091 102 (92%) 16 (100%) 0.09
Transient Ischemic Attack /Stroke, n (%) 6 (3%) 1 (5%) 0.76 9 (8%) 3 (18%) 0.21
Hypercholesterolemia, n (%) 128 (72%) 12 (55%) 0.09 68 (61%) 9 (57%) 0.73
Current smoker, n (%) 7 (4%) 2 (9%) 0.32 4 (4%) 1 (6%) 0.62
Diabetes, n (%) 64 (36%) 12 (54%) 0.09 50 (45%) 6 (38%) 0.59
Estimated Glomerular Filtration Rate (mL/min/1.73 m?) 58+6 57+9 0.58 58+5 58+4 099
Aspirin 109 (71%) 13 (62%) 0.6 84 (73%) 7 (53%) 041
Angiotensin Converting Enzyme Inhibitor 72 (41%) 6 (28%) 0.21 54 (48%) 8 (50%) 0.89
Beta Blocker 60 (35%) 7 (64%) 0.83 28 (25%) 3 (19%) 0.57
Diuretic 109 (62%) 13 (59%) 0.82 64 (57%) 9 (56%) 0.94
Angiotensin Receptor Blocker 65 (36%) 10 (45%) 043 27 (24%) 3 (18%) 0.62
Statin 129 (73%) 13 (59%) 0.19 82 (78%) 12 (75%) 0.78
Aldosterone antagonist 5 (3%) 1 (5%) 0.67 1 (1%) 0 (0%) 0.61
Calcium Channel Blocker 44 (25%) 9 (41%) 0.12 37 (33%) 6 (37%) 0.74

Baseline demographics and clinical characteristics stratified by gender. Mean + Standard Deviation or number (percent). A p-value < 0.05 indicates

statistical significance

+ 8 years; p=0.04), were Caucasian (100% vs 72%; p =
0.05), and more likely to be male (47.6% vs 39.0%; p = 0.4).
Approximately 11.1% and 12.5% of the otherwise
asymptomatic women and men that respectively under-
went DCMR experienced a total of 38 hospitalized clin-
ical events over the average follow-up period of
58 months (Table 3). Of those with a myocardial infarc-
tion or unstable angina, all underwent a percutaneous
coronary intervention except for 2 men with unstable
angina who underwent coronary artery bypass grafting.
In univariable analysis (Table 4) with both genders
combined, SBP and age were associated with hospital-
ized CV events and survival, p=0.002 and 0.01, re-
spectively. For both genders combined, stress-induced
LV wall motion abnormality was associated with hos-
pitalized CV events and survival (p =0.003). In those
who received gadolinium contrast, the presence of a
stress-induced perfusion defect was also associated
with hospitalized CV events and survival (p =0.007).
When combining either a stress-induced perfusion
defect or a DCMR-induced LV wall motion

abnormality as evidence of myocardial ischemia, it is
significantly associated with CV events and survival
(p <0.001). These associations appeared stronger in
men than women, but the interaction term was not
significant (p > 0.20).

DCMR measures of myocardial ischemia did improve
the prediction of hospitalized CV events and survival
overall. The composite event rate for hospitalized CV
events or death was 8.0% and 22.8% for those without and
with inducible myocardial ischemia (p < 0.001). In women,
the composite event rates were 9.8% and 15.2% (p = 0.32),
but in men, they were 5.3% and 33.3% (p < 0.001) for those
without versus with inducible myocardial ischemia, re-
spectively. In Kaplan-Meier analyses, myocardial ischemia
was associated with a reduced event-free survival (p<
0.001). This pattern was seen more significantly in men
compared to women (p < 0.001 and p = 0.27, respectively;
see Figs. 3, 4 and 5).

To guard against compromising our results due to
over-fitting our statistical models, we first performed mul-
tivariable stepwise Cox regression analysis in which the
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Table 2 Baseline Characteristics of Stress Testing and Cardiac Imaging Measures by Events/Gender

Women Men

No CV events  CV events p-value  No CVevents  CVevents p-value

(n=177) (n=22) (n=112) (n=16)
Resting Systolic Blood Pressure (mmHg) 141+17 150 + 25 0.11 140+ 17 148+ 16 0.17
Resting Diastolic Blood Pressure (mmHg) 77 +10 83+ 11 0.16 82+ 11 84+ 10 061
Resting Heat rate (beats/minute) 6711 66+ 13 0.80 63+ 11 69+ 11 0.13
Peak Systolic Blood Pressure (mmHg) 126+23 126 + 31 098 129+ 158 126+195 0.79
Peak Diastolic Blood Pressure (mmHg) 649+ 132 634+183 0.84 75+17 76+ 16 0.85
Peak stress Heat rate (beats/minute) 126+ 14 117+ 20 0.04 125+ 17 124+ 11 0.95
Rate pressure product (mmHg-bpm) 15,923 + 3437 14,897 +4376 038 16,133 + 3740 15813+2984 082
Left Ventricular Ejection Fraction (%) 66+ 7 63+9 023 61+8 60+ 11 0.55
Left Ventricular End Diastolic Volume (ml/m?) 59+15 59+17 0.96 64+ 14 69+ 15 0.13
Left Ventricular End Systolic Volume (ml/m?) 2017 23+13 032 25410 30+12 0.026
Left Ventricular Stroke Volume (ml/mA2) 38+8 36+7 0.73 39+9 39+9 0.97
Left Ventricular Mass (g/mz) 61+11 66+9 0.08 72+14 80+ 12 017
Left Ventricular Inducible Wall Motion Abnormality, n (%) 18 (10%) 2 (9%) 0.87 12 (10%) 9 (56%) <0.001
Left Ventricular Stress-induced Perfusion Defect (%; of 31 (27%) 6 (37%) 0.40 15 (19%) 8 (62%) 0.001
those who received contrast)
Myocardial ischemia (Wall Motion or Perfusion; out of 39 (22%) 7 (32%) 032 22 (20%) 11 (69%) <0.001

all participants without known CAD)

Baseline stress test and imaging characteristics stratified by gender. Mean + Standard Deviation or number (percent). A p-value < 0.05 indicates statistical

significance. CV cardiovascular

most significant contributors to events were compared
with one another. As shown in Table 5, stress-induced
myocardial ischemia predicted CV events/survival (p <
0.001) as well as tobacco use (p=0.01). Other variables,
such as SBP, diabetes mellitus, and LV mass, met model
inclusion but did not reach statistical significance. Sec-
ondly, we performed additional Cox proportional hazard
models for determining a participant’s HR of experiencing
a hospitalized CV event/survival utilizing incremental ad-
justment models as detailed above. The crude HR for a
hospitalized CV event/survival whether myocardial ische-
mia was present was 3.13 (95% CIL: 1.64-5.93; p <0.001;
see Table 6). The significance persisted after adjustment
for baseline demographics (p < 0.001) and after further ad-
justment for significant cardiovascular risk factors (p = <
0.001). Finally, after adjustment for imaging findings, such
as LV ejection fraction and mass, myocardial ischemia

Table 3 Cardiovascular Events by Gender

Women Men
Death 10 6
Myocardial Infarction 3 2
Incident Heart Failure Warranting Hospitalization 3 1
Unstable Angina 2 5
Transient Ischemic Attack/Cerebrovascular Accident 4 2
None 177 112

List of cardiovascular events and death stratified by gender

continued to be associated with CV events and survival
[HR: 4.07 (95% CI: 1.95-873); p <0.001). To evaluate the
fit of these models, the receiver operating curve was used
to calculate the area under the curve, which was 0.710,
0.848, and 0.860 for models 1-3, respectively.

Discussion
There are several important findings in this study. First,
nearly a quarter of middle and older aged asymptomatic in-
dividuals with CV disease risk factors exhibited DCMR evi-
dence of inducible “silent” myocardial ischemia (Table 2).
Second, when asymptomatic myocardial ischemia was
present, we observed men to experience more hospitaliza-
tions for a CV event or death than women. Finally, the pres-
ence of LV myocardial ischemia in this asymptomatic
population was most predictive of a future hospitalized CV
event if they had no prior CV event and no known history
of CAD - both conditions for which current algorithms and
appropriate use guidelines do not recommend stress testing.
As shown in Table 3, we observed a total of 38 hospi-
talized CV events or deaths (event rate of 11.6% over
5 years) which was lower than what we might have ex-
trapolated from other studies such as the Framingham
Heart Study cohort [15]. This may have been due to: a)
a United States nationwide decline in the incidence of
hospitalized CV events since publication of the initial
Framingham Heart Study data [16], b) the majority of
the participants (67%) received HMG Co-A reductase
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Table 4 Univariate Cox Proportional Hazard Ratios for Cardiovascular Events/Survival

All Women Men

HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.05 (1.01-1.09) 0.01 1.05 (1.00-1.11) 0.04 1.04 (0.99-1.11) 0.14
Body Mass Index 1.00 (0.95-1.05) 0.86 1.00 (0.94-1.07) 091 1.01 (091-1.10) 0.82
Total Cholesterol 1.00 (0.99-1.01) 053 1.00 (0.99-1.01) 0.62 1.01 (0.98-1.02) 052
High Density Lipoprotein 0.99 (0.95-1.02) 0.59 0.98 (0.94-1.03) 0.55 0.99 (0.92-1.04) 0.84
Systolic Blood Pressure 1.03 (1.01-1.06) 0.002 1.03 (0.99-1.06) 0.08 1.04 (1.01-1.07) 0.007
Current Smoker 8 (0.53-6.09) 0.19 245 (0.39-8.46) 022 1.83 (0.10-9.13) 0.59
Diabetes Mellitus 1.3 (0.69-248) 040 2.82 (0.85-10.77) 0.11 0.95 (0.18-4.33) 0.52
Inducible Wall Motion Abnormality 3.30 (1.56-6.49) 0.003 0.88 (0.14-3.02) 0.86 8.86 (3.28-224.90) <0.001
Stress-Induced Perfusion Defect 2.79 (1.33-5.82) 0.007 1.62 (0.55-4.38) 0.36 555 (1.85-1841) 0.003
Any Ischemia 3 (1.64-5.93) <0.001 1.63 (0.62-3.89) 0.30 741 (2.69-23.54) <0.001
Left Ventricular Ejection Fraction 0.99 (0.95-1.03) 0.65 1.04 (0.97-1.12) 021 0.96 (0.89-1.07) 0.06
Late Gadolinium Enhancement 1(0.95-5.34) 0.06 0.71 (0.04-3.48) 0.72 4.39 (141-13.28) 0.01

Results of univariate Cox proportional hazard relationships between different risk factors and cardiovascular events/survival. Overall study population results
included and those stratified by gender. Of note, for perfusion defects and late gadolinium enhancement, the study population consisted only of those 222 who

received contrast

inhibitors (i.e. statin medications) which have been
shown to reduce the incidence of hospitalized CV events
[17], c) people who volunteer for studies tend to be
healthier and less likely to develop a CV event warrant-
ing hospitalization when compared to non-responders
[18], and d) the participants in the study were contacted
by the research nurse every 4 months; such close
follow-up could have changed their behavior leading to
better compliance with medical or behavioral treatment

directed toward reducing the risk of a hospitalization for
a CV event [20].

Silent myocardial ischemia has even been investigated
in different stress testing modalities. In high-risk patients
with type 2 diabetes mellitus for at least 15 years, the
positive predictive value for silent myocardial ischemia
by dobutamine stress echocardiography was 69%, 75%
for single photon emission computed tomography
(SPECT), and 60% for exercise stress testing [26]. While

1.0

Survival by Asymptomatic Myocardial Ischemia

No Inducible Ischemia

p-Value < 0.001

Event-free Inducible Ischemia
Survival 08
06
0 10 20 30 40 50 60 70
Time to Event (months)
No Inducible Ischemia 248 248 244 236 198 156 76
Inducible Ischemia 79 77 72 69 59 43 20

Fig. 3 Event-free Survival by Asymptomatic Myocardial Ischemia. Kaplan Meier curves of cardiovascular event free as a function of length of
follow-up for those with and without myocardial ischemia for the study population without known coronary artery disease (CAD). Test comparing
the two groups is based on the log-rank test
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Survival by Asymptomatic Myocardial Ischemia: Men

Lo No Inducible Ischemia

p-Value < 0.001

Event-free 08
Suryival Inducible Ischemia
06
0 10 20 30 40 50 60 70
Time to Event (months)
No Inducible Ischemia 95 95 94 92 79 65 28
Inducible Ischemia 33 32 28 24 23 18 7

Fig. 4 Event-free Survival by Asymptomatic Myocardial Ischemia: Men. Kaplan Meier curves of cardiovascular event free as a function of length of
follow-up for men with and without myocardial ischemia on DCMR for the study population without known coronary artery disease. Test
comparing the two groups is based on the log-rank test

silent myocardial ischemia remains an elusive diagno-
sis, most clinicians more readily appreciate silent
myocardial infarctions. The three risk factors most
commonly associated with silent myocardial infarc-
tions are diabetes mellitus, hypertension, and ad-
vanced age [27-30]. In our study, most individuals
exhibited hypertension. This study demonstrated that
DCMR in otherwise asymptomatic middle aged and

older individuals identifies silent myocardial ischemia
which forecasted CV events.

As one might expect in a multivariable analysis, current
smoking and myocardial ischemia were associated with
future cardiac events (Table 5). The unexpected finding in
this study relates to the fact that the association between
DCMR induced myocardial ischemia and hospitalized CV
events/survival was driven by the strong association of

Survival by Asymptomatic Myocardial Ischemia: Women
1.0 T 1
No Inducible Ischemia
Inducible Ischemia
p-Value = 0.27
Event-free
Survival 08
06
0 10 20 30 40 50 60 70
Time to Event (months)
No Inducible Ischemia 153 153 151 145 119 91 48
Inducible Ischemia 46 45 44 43 36 26 13
Fig. 5 Cardiovascular Event-free Survival by Asymptomatic Myocardial Ischemia: Women. Kaplan Meier curves of cardiovascular event free as a
function of length of follow-up for women with and without myocardial ischemia for the study population without known coronary artery
disease. Test comparing the two groups is based on the log-rank test
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Table 5 Stepwise Multivariate Regression for Cardiovascular
Events and Survival

p-Value
LV Mass 0.051
Diabetes Mellitus 0.202
Current Tobacco Use 0.011
Systolic Blood Pressure 0.128
Asymptomatic Ischemia < 0.001

Results of stepwise logistical regression evaluating multivariate association
between variables and cardiovascular events/survival. In order to be included
in the model, the p-value had to be less than 0.25

stress induced LV wall motion abnormality or perfusion
defects in men—a population that otherwise would not
undergo pharmacologic stress testing.

LV myocardial ischemia had a weaker ability to
identify subsequent CV events in women. There are
several potential reasons for this. First, in a prior
study (24), gender-related differences in sensitivity for
diagnosing CAD in women was partially attributed to
women achieving target heart rates at lower dobuta-
mine doses with less frequent use of atropine. In the
current study, compared to men, women achieved
their target heart rate at lower dobutamine doses (p =
0.004), and the total atropine dose was lower in
women (p =0.05, Table 2). Second, within the same
age range, women experienced fewer hospitalized CV
events than men. They experienced more deaths and
cerebrovascular events than men (Table 3) for which
the stress CMR may not have readily identified. It is
possible that with a larger sample size that included
older women (and thus an increased likelihood of ex-
periencing a hospitalization for a CV event), we
would be able to improve prediction of hospitalized
CV events in women.

>While the results of this study remain intriguing, few
data are available to direct our diagnostic and thera-
peutic approach for at-risk but asymptomatic middle
aged and older individuals at risk for a future CV event.
Most of the guideline-based approaches focus on symp-
tomatic individuals and lack clarity in how to approach
patients who are asymptomatic [10, 12, 14, 15, 31, 32].
Under most circumstances, stress tests are not indicated

Table 6 Crude and Multivariate Cox Proportional Hazard
Models of Cardiovascular Events/Survival by Myocardial Ischemia

HR (95% Cl) p-Value
Unadjusted 3.13 (1.64-5.93) <0.001
Model 1 3.12 (1.62-5.97) <0.001
Model 2 442 (212-943) <0.001
Model 3 407 (1.95-8.73) <0.001

Results of incremental adjustment with Cox proportional hazard model. The
hazard ratio is for myocardial ischemia and its relationship to cardiovascular
events and survival

(2018) 20:75
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unless a patient has symptoms suggestive of a coronary
etiology. The results of this study suggest future research
is necessary to develop evidence-based strategies for cli-
nicians to determine how and when to identify and po-
tentially treat asymptomatic middle aged and older men
at risk for future CV events.

There are limitations pertaining to this study. First, this
study actively recruited individuals with  known
long-standing hypertension or diabetes mellitus. As a result,
our findings mainly relate to persons with long-term CV risk
factor exposure, and in these particular analyses, since par-
ticipants with known CAD were excluded, the individuals
remaining with significant risk factors may be more resistant
to developing clinically-significant CAD. Second, the true
burden of silent myocardial ischemia remains unknown
given the high-risk populations which were enrolled in this
study. More inclusive studies would need to better define
the risk of those who are at low- or intermediate-level risk.
Third, there were fewer events than forecasted for the initial
sample size estimates for this study. At the time of study in-
ception, using published data, the hospitalized CV event rate
was forecasted to be 4% to 7% per year. The lower than an-
ticipated hospitalized cardiac event rate means that larger
studies are needed to examine the impact of a multiplicity of
risk factors toward promoting CV events. The power of our
study is estimated to be 0.6. To capture sufficient events to
perform more meaningful analyses would require a sample
size of 2000-5000 individuals depending on the event rates
used. Finally, since only 68% of the 327 participants received
CMR gadolinium contrast to assess first pass perfusion,
there is a risk that asymptomatic stress-induced perfusion
defects are under-reported.

Conclusion

Among asymptomatic middle-aged individuals with risk
factors for a sentinel CV event, the presence of myocar-
dial ischemia during DCMR forecasted a future hospital-
ized CV event or death. Further studies are needed in
middle aged and older individuals to more accurately
characterize the prevalence, significance, and manage-
ment of asymptomatic myocardial ischemia.
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