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Abstract
Background: There is limited data on the prognostic value of stress cardiac magnetic resonance (CMR) in older adults.

Objective: To determine the prognostic value of adenosine stress CMR in older individuals with known or 
suspected coronary artery disease (CAD).

Methods: Between 2010 and 2015, consecutive patients aged 65 years or older referred for adenosine stress CMR 
were followed for the occurrence of severe cardiac events (cardiac death and nonfatal myocardial infarction) and 
major adverse cardiovascular events (MACE) that also included hospitalization for heart failure and ischemic 
stroke. Univariate and multivariate analyses were performed to determine the prognostic value of myocardial 
ischemia, with p-value <0.05 considered statistically significant.

Results: After a mean follow-up period of 50.4 months in 324 patients (48% male, 73±7 years), 21 severe cardiac 
events and 52 MACE occurred. Patients with myocardial ischemia (n=99) had significantly higher rates of severe 
cardiac events (HR 5.25 [95% CI 2.11-13.04], p<0.001) and MACE (HR 3.01 [95% CI 1.75-5.20], p<0.001) than 
those without ischemia. Multivariable analysis determined ischemia as an independent predictor of severe cardiac 
events (HR 3.14 [95% CI 1.22-8.07], p=0.02) and MACE (HR 1.91 [95%CI 1.02-3.59], p=0.04). Ischemia provided 
an incremental prognostic value over clinical factors and left ventricular ejection fraction for predicting severe 
cardiac events and MACE (p<0.01 for both). No severe adverse events occurred during or immediately after  
CMR examinations.

Conclusion: Adenosine stress CMR is safe and has prognostic value in older adults with known or suspected CAD.
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Introduction
Aging is associated with diffuse changes throughout 

the cardiovascular system. The prevalence and severity of 
coronary artery disease (CAD) increase progressively with 
age in both men and women.1 In developed countries, 
approximately two-thirds of all myocardial infarctions 
(MI) occur in people over 65 years old.2 The elderly are 
more likely to present with atypical symptoms such as 
exertional shortness of breath or fatigue rather than typical 
angina.3 The prevalence of silent myocardial ischemia and 
unrecognized myocardial infarction (MI) is also significantly 
higher in the elderly and has prognostic value.4 Older 
patients also tend to be at increased risk for complications 

including heart failure, arrhythmias, bleeding, and death 
in the setting of cardiac procedures, such as percutaneous 
coronary intervention or cardiac surgery. Therefore, 
diagnosis and risk stratification of CAD in elderly patients 
are critically important. 

Testing for ischemia in elderly patients is challenging. 
Exercise testing is less feasible in older adults due to 
lower exercise capacity and comorbidities, as well as 
baseline electrocardiographic (ECG) abnormalities that 
limit ischemic assessments. Cardiac magnetic resonance 
(CMR) provides a comprehensive assessment of CAD with 
very high accuracy. CMR can assess global and regional 
ventricular function, myocardial ischemia, and infarction 
in a single study. Moreover, pharmacological stress CMR 
offer strong evidence for the prognosis, including mortality 
in patients with known or suspected CAD.5-8

Previous data have shown that stress perfusion CMR 
performed in elderly patients is safe and well-tolerated.9,10  
A recent study reported the prognostic value of dipyridamole 
stress perfusion CMR in elderly patients with suspected 
CAD.10 Adenosine is most often used for stress perfusion 
CMR in clinical practice. However, prognostic data of 
adenosine stress CMR in elderly patients remain limited. 
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The objective of this study was to determine the 
prognostic value of adenosine stress CMR in older adults 
with known or suspected CAD.

Methods

Study population
Consecutive patients older than 65 years with known 

or suspected CAD, who were referred for adenosine 
stress CMR from January 2010 to December 2015 at our 
outpatient center were enrolled. Detailed medical history 
was collected on the same day of CMR examination. 
History of hypertension, diabetes mellitus, hyperlipidemia, 
CAD, and stroke was defined by recent guidelines.11-14

Exclusion criteria included (i) known non-ischemic 
cardiomyopathy (e.g., hypertrophic, dilated, or infiltrative), 
(ii) incomplete CMR examination, (iii) poor CMR images, 
and (v) lack of follow-up data. The institutional ethics 
committee approved this retrospective study and waived 
the need for additional written informed consent. 

Concern has been expressed regarding the association of 
gadolinium use with the development of nephrogenic systemic 
fibrosis in patients with severe kidney injury, especially 
in the elderly. Patients who had glomerular filtration rate  
<30 mL/min/1.73m2 did not undergo a contrast-enhanced 
CMR examination and were not included in this study.15

CMR protocol
The CMR study was performed to assess cardiac 

function, myocardial perfusion, and late gadolinium 
enhancement (LGE) using a 1.5 Tesla Philips Achieva XR 
scanner (Philips Medical Systems, Best, The Netherlands). 

The cardiac functional study was performed by acquiring 
the images using the steady-state free precession (SSFP) 
technique in a vertical long axis, 2-chamber, 4-chamber, 
and multiple slice short-axis views. Parameters for 
cardiac function were echo time (TE) 1.8 milliseconds 
(ms), repetitive time (TR) 3.7 ms, number of excitations 
2, field of view (FOV) 390 x 312 mm, matrix 256 x 240, 
reconstruction pixels 1.52 x 1.21, slide thickness 8 mm, 
and flip angle of 70 degrees.

The myocardial first-pass perfusion study was performed 
by injecting 0.05 mmol/kg of gadolinium contrast agent 
(Magnevist, Bayer Schering Pharma, Berlin, Germany) at 
a rate of 4 mL/s immediately after a 4-minute infusion of  
140 mcg/kg/min of adenosine.16 If after 3 minutes of continuous 
infusion at the standard rate, the hemodynamic response to 
adenosine was inadequate (heart rate increase <10 beats/min 
or systolic blood pressure decrease <10 mmHg, with minimal 
or no reported side effects from the patient), then the infusion 
rate was increased up to 210 mcg/kg/min for a further  
2 minutes.16 Three short-axis slices of basal, mid, and apical left 
ventricular (LV) levels were acquired using an ECG-triggered, 
SSFP, inversion-recovery, single-shot, turbo gradient-echo 
sequence. Image parameters were TE 1.32 ms, TR 2.6 ms, 
flip angle 50 degrees, slide thickness 8 mm, FOV 270 mm, 
and reconstructed FOV 320 mm.

LGE images were acquired approximately 10 minutes 
after an additional bolus of gadolinium (0.1 mmol/kg, rate 
4 mL/s) by the 3D segmented-gradient-echo inversion-
recovery sequence. LGE images were acquired in multiple 
short-axis slices at levels similar to the functional images, 
long axis, 2-chamber and 4-chamber view. Parameters 
for LGE study were TE 1.25 ms, TR 4.1 ms, flip angle  
15 degrees, FOV 303 x 384 mm, matrix 240 x 256, in-
plane resolution 1.26 x 1.5 mm, slice thickness 8 mm and 
1.5 sensitivity-encoding factor.

Image analysis
Standard LV volumes, mass, and ejection fraction (EF) 

were quantitatively measured from the stack of short-axis 
SSFP cine images.

The perfusion and LGE images were analyzed using 
visual assessment and consensus by two CMR-trained 
physicians blinded to the clinical and follow-up data. 
Perfusion images were read, and each of the 16 segments 
was visualized (segment-17 at the apex was not visualized). 
Inducible ischemia was defined as a subendocardial 
perfusion defect that (i) persisted beyond peak myocardial 
enhancement and for several RR intervals, (ii) was more 
than two pixels wide, (iii) followed one or more coronary 
arteries, and (iv) showed absence of LGE in the same 
segment.10,17 Dark-banding artefacts were recorded if an 
endocardial dark band appeared at the arrival of contrast 
in the LV cavity before contrast arrival in the myocardium.17 
LGE images were also analyzed using visual assessment. 
LGE was considered present only if confirmed on both the 
short-axis and at least one other orthogonal plane.17 The 
total number of LGE segments was calculated using the 
American Heart Association 17-segment model.18

Clinical follow-up
Follow-up data were collected from clinical visits 

and medical records. Clinical event adjudication was 
completely blinded to clinical and CMR data. Patients 
were followed for severe cardiac events and major adverse 
cardiovascular events (MACE). Severe cardiac events were 
defined as the composite outcomes of cardiac mortality 
and nonfatal MI.19 MACE was defined as the composite 
outcomes of cardiac mortality, nonfatal MI, hospitalization 
for heart failure, and ischemic stroke. 

Statistical analysis
Statistical analyses were performed using IBM SPSS 

Statistics for Windows, version 20.0 (IBM Corp., Armonk, 
NY, USA). Continuous variables with normal distribution 
were presented as mean ± standard deviation (SD). The 
normality of variable distribution was assessed by the 
Kolmogorov-Smirnov test. Categorical variables were 
presented as absolute numbers and percentages. Differences 
between patients with and without myocardial ischemia 
in terms of clinical baseline and CMR characteristics 
were compared using the Student’s unpaired t-test for 
continuous variables, and the chi-square test or Fisher’s 
exact test for categorical variables, as appropriate.
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Composite outcomes between patients with and 
without myocardial ischemia were estimated using the 
Kaplan-Meier method and compared with the log-rank 
test. To analyze the predictors of severe cardiac events 
and MACE, a Cox-regression analysis was performed to 
assess univariable predictors from baseline characteristics 
and CMR parameters. Variables with p-value <0.05 in the 
univariable analysis were entered into the multivariable 
analysis. Two multivariable models were developed 
to assess the prognostic value of myocardial ischemia. 
First, ischemia was included as a categorical variable 
(presence or absence). Second, ischemia was included as 
a continuous variable (per-segment extent).

To assess the incremental prognostic values of significant 
predictors, global chi-square values were calculated after 
adding predictors in the following order: clinical, LVEF, 
ischemia, and LGE.

The hazard ratios (HRs) and 95% confidence intervals 
(CIs) of the outcomes were calculated, with a p-value 
<0.05 considered statistically significant.  

Results
A total of 327 patients were enrolled, with three 

excluded due to loss of follow-up data. No patients were 
excluded because of poor image quality, and 324 were 
included in the final analysis. Table 1 summarizes the 
clinical data of the patient population. The average age 
was 73±7 years. Forty-six patients had known CAD, and 
6 had previous MI. The overall study cohort had mean 
LVEF of 68.8±13.8%. 

Myocardial ischemia was detected in 99 patients 
(31%), with the average number of ischemic segments 
of 6.9±3.9. Sixty-seven had LGE, and all showed a CAD 
pattern (subendocardial or transmural LGE). Among 
67 patients that had LGE, 3 had a history of MI. Thus, 
64 patients (19.7%) had LGE without a history of MI 
(‘unrecognized MI’).

Patients with myocardial ischemia had a greater LV mass 
index, lower LVEF, and higher prevalence of LGE than those 
without ischemia. Patients with ischemia were also more 
likely to have a history of CAD or MI and be on antiplatelet 
and nitrate therapy.

No patient died during or shortly after CMR, while 
one patient had mild heart failure requiring adjustment 
of diuretics without hospital admission. Two patients 
experienced angina that rapidly resolved with sublingual 
nitrate use. No cases of acute MI or strokes were recorded 
during or immediately after CMR. The main minor adverse 
events included headache, nausea, chest discomfort, 
dyspnea, and transient blood pressure drop.

During the average follow-up period of 50.4±19.2 
months, 21 severe cardiac events and 52 MACE occurred. 
Table 2 depicts the cardiovascular events in patients with 
and without ischemia. The Kaplan-Meier curves of both 
groups are shown in Figure 1. Patients with myocardial 
ischemia had significantly higher rates of severe cardiac 
events (annual events rate 3.8% versus 0.7%, p<0.001) 

and MACE (annual event rate 7.9% versus 2.7%, p<0.001) 
than those without ischemia. 

Univariable and multivariable analyses for the prediction 
of severe cardiac events and MACE are shown in Tables 
3 and 4, respectively. The number of patients and 
events were limited; therefore, to avoid the potential 
for overfitting, only the most significant predictors from 
univariable analysis were included in any multivariable 
model.  

The most significant predictors identified by the 
univariable analysis for severe cardiac events were 
previous MI, LV mass index, LV end-diastolic volume index, 
myocardial ischemia, and LGE (p<0.001 for all). A history 
of heart failure, left atrial diameter, LV mass index, LVEF, 
myocardial ischemia, and LGE were the most significant 
predictors of MACE (p<0.001 for all). 

Multivariable analyses showed that previous MI, LV 
mass index, and myocardial ischemia were independent 
predictors of severe cardiac events. For MACE, history 
of heart failure, myocardial ischemia, and LGE were 
independent predictors. Note that both the presence of 
myocardial ischemia (model 1) and the number of ischemic 
segments (model 2) were independent predictors for severe 
cardiac events and MACE. 

Figure 2 shows the incremental prognostic values 
of clinical and CMR data for the prediction of severe 
cardiac events and MACE. When the prognosis was 
assessed in a hierarchical manner (clinical variables 
only, cl inical+LVEF, cl inical+LVEF+ischemia, and 
clinical+LVEF+ischemia+LGE), the presence of myocardial 
ischemia demonstrated an incremental prognostic value 
over clinical variables and LVEF for both severe cardiac 
events (Figure 2A) and MACE (Figure 2B). Adding LGE 
provided a further incremental prognostic value for MACE 
(Figure 2B). However, LGE did not show an incremental 
prognostic value over ischemia for severe cardiac events 
(Figure 2A). 

Eighteen patients died during the follow-up. Ten patients 
died from non-cardiac causes (e.g., malignancy). Patients 
with myocardial ischemia had a significantly higher rate of 
all-cause mortality than those without ischemia (Table 2). 
However, there was no significant difference between 
patients with and without ischemia regarding the non-cardiac 
mortality rate (HR 1.66, 95% CI 0.47-5.88, p=0.44).

Discussion
Our results demonstrated that myocardial ischemia 

using adenosine stress perfusion CMR was a strong and 
independent predictor of severe cardiac events and MACE 
in older adults with known or suspected CAD. Adenosine 
stress CMR was also feasible and safe in this population.

Most cardiovascular diseases, including CAD, increase 
in prevalence and severity with age. Diagnosis, risk 
stratification, and treatment of CAD in older patients 
remain challenging. Stable CAD manifests differently in the 
elderly, with exertional dyspnea, fatigue, and abdominal 
discomfort as the most common presentations.3 Aging 
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Table 1 – Clinical characteristics of patients with and without myocardial ischemia

Total Ischemia
Present

Ischemia
Absent p-value

(n=324) (n=99) (n=225)

Male gender 156 (48.1) 55 (55.6) 101 (44.9) 0.08

Age, years 72.7 ± 7.4 72.9 ± 7.7 72.6 ± 7.3 0.73

Body mass index, kg/m2 26.5 ± 4.2 25.8 ± 3.9 26.9 ± 4.2 0.03

Systolic blood pressure, mmHg 138.8 ± 18.9 142.2 ± 19.3 137.3 ± 18.7 0.03

Diastolic blood pressure, mmHg 72.8 ± 11.5 71.9 ± 12.1 73.2 ± 11.2 0.33

Heart rate, bpm 76.9 ± 13.1 76.2 ± 12.8 77.2 ± 13.3 0.52

Hypertension 289 (89.2) 87 (87.8) 202 (89.8) 0.61

Diabetes mellitus 188 (58.0) 57 (57.6) 131 (58.2) 0.91

Hyperlipidemia 231 (71.3) 74 (74.8) 157 (69.8) 0.36

Stable coronary artery disease 46 (14.2) 28 (28.3) 18 (8.0) <0.001

Previous myocardial infarction 6 (1.9) 5 (5.1) 1 (0.4) 0.01

Prior revascularization 14 (4.3) 8 (8.1) 6 (2.7) 0.04

History of typical angina 31 (9.6) 15 (15.2) 16 (7.1) 0.02

History of heart failure 23 (7.1) 9 (9.1) 14 (6.2) 0.35

Stroke 16 (4.9) 4 (4.0) 12 (5.3) 0.78

Current smoking 37 (11.4) 22 (22.2) 15 (6.7) <0.001

Medications

ACEI or ARB 148 (45.7) 50 (50.5) 98 (43.6) 0.25

Antiplatelet 153 (47.2) 60 (60.6) 93 (41.3) 0.001

Beta-blocker 151 (46.6) 47 (47.5) 104 (46.2) 0.84

Calcium channel blocker 111 (34.3) 35 (35.4) 76 (33.8) 0.78

Nitrate 49 (15.1) 25 (25.3) 24 (10.7) 0.001

Statin 156 (48.2) 51 (51.5) 105 (46.7) 0.42

CMR

Left atrial diameter, mm 32.9 ± 4.0 33.6 ± 4.1 32.6 ± 3.9 0.05

LV mass index, g/m2 51.9 ± 16.8 59.0 ± 18.8 48.9 ± 14.8 <0.001

LVEDV index, ml/m2 74.7 ± 24.4 82.1 ± 29.0 71.5 ± 21.4 <0.001

LVESV index, ml/m2 25.7 ± 22.9 32.2 ± 29.9 22.8 ± 18.3 <0.001

LVEF, % 68.8 ± 13.8 65.1 ± 17.5 70.5 ± 11.5 0.001

Presence of LGE 67 (20.7) 45 (45.5) 22 (9.8) <0.001

Average numbers of segments with LGE 4.1 ± 2.5 4.3 ± 2.6 3.6 ± 2.4 0.16

Values are number (percentages) or mean ± SD. Bold values are <0.05. ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; 
CMR: cardiac magnetic resonance; EDV: end diastolic volume; ESV: end systolic volume; EF: ejection fraction; LGE: late gadolinium enhancement; 
LV: left ventricular.

and comorbidities limit exercise capacity; therefore, the 
ECG treadmill testing, and exercise echocardiography are 
impractical for this population. Pharmacological stress 
cardiac imaging, such as nuclear perfusion imaging and 
CMR are the preferred modalities; however, recent data 
has revealed limited accuracy of nuclear perfusion imaging 
compared to CMR. Data from large multicenter studies 
suggested that CMR had greater sensitivity than nuclear 
perfusion imaging for CAD detection in both males and 

females.20,21 Unlike nuclear perfusion imaging, CMR does 
not expose patients to ionizing radiation and offers both 
accuracy and safety.  

Global and regional myocardial function is a well-
known predictor of disease severity and prognosis.22 CMR 
is considered the gold standard for the assessment of global 
ventricular function and a good tool for the assessment of 
regional ventricular function.23,24 The elderly have a higher 
prevalence of lung diseases, such as chronic obstructive 
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Table 2 – Patients’ outcomes

Total Ischemia Present Ischemia Absent HR (95% CI) p Value

All-cause mortality 18 (5.6) 10 (10.1) 8 (3.6) 3.13 (1.23, 7.94) 0.02

Cardiac mortality 8 (2.5) 6 (6.1) 2 (0.9) 7.59 (1.53, 37.66) 0.01

Nonfatal myocardial infarction 18 (5.6) 12 (12.1) 6 (2.7) 5.22 (1.95, 13.94) 0.001

Hospitalization for heart failure 31 (9.6) 16 (16.2) 15 (6.7) 2.81(1.38, 5.70) 0.004

Ischemic stroke 9 (2.8) 3 (3.0) 6 (2.7) 1.31 (0.32, 5.25) 0.70

Severe cardiac eventsa 21 (6.5) 14 (14.1) 7 (3.1) 5.25 (2.11, 13.04) <0.001

MACEb 52 (16.0) 27 (27.3) 25 (11.1) 3.01 (1.75, 5.20) <0.001

Severe cardiac events=composite outcomes of cardiac mortality and nonfatal myocardial infarction. MACE: composite outcomes of cardiac 
mortality, nonfatal myocardial infarction, hospitalized for heart failure, and ischemic stroke. aFive patients had two events (nonfatal myocardial 
infarction and cardiac mortality). bNine patients had more than one event  (six patients had two events, one patient had three events, and two 
patients had four events). Values represent the number of patients (percentages). Bold values are <0.05. CI: confidence interval; HR: hazard ratio;  
MACE: major adverse cardiovascular events.

Figure 1 – Kaplan-Meier curves for the incidence of severe cardiac events (A) and MACE (B). HR: hazard ratio; MACE: major adverse cardiovascular events.
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pulmonary disease and this may limit the assessment 
by echocardiography due to a poor echocardiographic 
window. CMR can assess cardiac function without the 
limitation of the cardiac plane, and also assess endocardial 
and epicardial borders without geometrical assumptions. 
Elderly patients may be more vulnerable to adverse events 
during or after CMR (e.g., arrhythmia or hypotension) due 
to the high prevalence of comorbidities. The applicability 
and safety of stress CMR were determined in patients 

older than 70 years, with results showing that stress 
CMR performed in elderly patients was safe and well-
tolerated.9,10 Our results confirmed that adenosine stress 
CMR was safe in older adults without serious adverse events 
such as death, acute MI, or stroke during or immediately 
after CMR examinations.

Numerous studies have demonstrated the prognostic 
value of CMR in patients with known or suspected CAD.5-8 
However, the mean age of patients in these studies was  
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Table 3 – Predictors of severe cardiac events

Univariable Analysis
Multivariable Analysis

Model 1a Model 2b

HR (95% CI) P-Value HR (95% CI) p Value HR (95% CI) p-value

Male gender 1.26 (0.53, 2.97) 0.59

Age, years 1.01 (0.95, 1.07) 0.70

Body mass index, kg/m2 0 .90 (0.81, 1.01) 0.08

Systolic blood pressure 0.99 (0.97, 1.02) 0.63

Diastolic blood pressure 0.98 (0.94, 1.02) 0.33

Heart rate, bpm 1.01 (0.97, 1.04) 0.71

Hypertension 2.57 (0.34, 19.17) 0.36

Diabetes mellitus 1.21 (0.51, 2.89) 0.67

Hyperlipidemia 1.06 (0.39, 2.92) 0.90

Stable coronary artery disease 2.26 (0.82, 6.19) 0.11

Previous myocardial infarction 9.36 (2.75, 31.81) <0.001 6.70 (1.83, 24.49) 0.004 5.90 (1.52, 22.93) 0.01

History of typical angina 2.80 (1.02, 7.65) 0.04

History of heart failure 2.78 (0.93, 8.30) 0.07

Stroke 0.05 (0.00-177.4) 0.46

Current smoking 1.82 (0.61, 5.41) 0.28

ACEI or ARB 1.11 (0.46, 2.60) 0.82

Antiplatelet 2.09 (0.84, 5.20) 0.11

Beta-blocker 1.15 (0.48, 2.71) 0.75

Calcium channel blocker 0.96 (0.38, 2.38) 0.94

Nitrate 3.03 (1.25, 7.33) 0.01

Statin 1.46 (0.61, 3.47) 0.39

Left atrial diameter, mm 1.16 (1.06, 1.27) 0.002

LV mass index, g/m2 1.03 (1.02, 1.05) <0.001 1.04 (1.02, 1.05) 0.001 1.03 (1.02, 1.05) 0.001

LVEDV index, ml/m2 1.02 (1.01, 1.03) <0.001

LVESV index, ml/m2 1.02 (1.01, 1.03) 0.001

LVEF, % 0.96 (0.94, 0.99) 0.01

Presence of myocardial ischemia 5.25 (2.11, 13.04) <0.001 3.14 (1.22, 8.07) 0.02 - -

Ischemia extent, per 1 segment 1.17 (1.09, 1.26) <0.001 - - 1.11 (1.02, 1.20) 0.01

Presence of LGE 4.97 (2.11, 11.73) <0.001

aMyocardial ischemia was included as a categorical variable (presence or absence). bMyocardial ischemia was included as a continuous variable  
(per-segment extent). Bold values are <0.05.  ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker;  
CMR: cardiac magnetic resonance; EDV: end diastolic volume; ESV: end systolic volume; EF: ejection fraction; LGE: late gadolinium 
enhancement; LV: left ventricular.

60-65 years, with no specific assessment of the elderly. Pezel 
et al. reported on the prognostic value of dipyridamole 
stress perfusion CMR in 754 elderly patients aged over 75 
with suspected CAD.10 In their study, 20% of the patients 
showed evidence of inducible ischemia, while 9.4% 
had LGE. The authors determined that the presence of 
myocardial ischemia was associated with the occurrence 
of MACE, including cardiac death and nonfatal MI.10 Our 
study, which included patients with known stable CAD and 

previous MI, found that 30.5% had inducible ischemia and 
20.7% had LGE. The prevalence of myocardial ischemia 
in our study was comparable with previous reports that 
included patients with known CAD.5,7 Similarly, patients 
with inducible ischemia in our study demonstrated lower 
LVEF and higher prevalence of LGE than those without 
myocardial ischemia.5-7

Our results indicated that patients with inducible 
ischemia had significantly higher rates of severe cardiac 
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Table 4 – Predictors of major adverse cardiovascular events

Univariable Analysis
Multivariable Analysis

Model 1a Model 2b 

HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p-value

Male gender 1.15 (0.67, 1.99) 0.61

Age, years 1.05 (1.01, 1.08) 0.02

Body mass index, kg/m2 0.98 (0.92, 1.05) 0.60

Systolic blood pressure 0.99 (0.98, 1.01) 0.43

Diastolic blood pressure 0.97 (0.95, 0.99) 0.02

Heart rate, bpm 1.01 (0.99, 1.03) 0.30

Hypertension 2.11 (0.66, 6.78) 0.21

Diabetes mellitus 1.21 (0.70, 2.11) 0.50

Hyperlipidemia 1.17 (0.61, 2.23) 0.64

Stable coronary artery disease 1.58 (0.77, 3.24) 0.22

Previous myocardial infarction 6.13 (2.21, 17.06) 0.001

History of typical angina 1.43 (0.64, 3.17) 0.38

History of heart failure 3.70 (1.90, 7.20) <0.001 3.50 (1.79, 6.82) 0.001 3.32 (1.70, 6.50) 0.001

Stroke 1.15 (0.36, 3.70) 0.81

Current smoking 1.62 (0.79, 3.33) 0.19

ACEI or ARB 1.23 (0.71, 2.11) 0.46

Antiplatelet 1.57 (0.90, 2.73) 0.11

Beta blocker 1.02 (0.59, 1.77) 0.93

Calcium channel blocker 0.69 (0.37, 1.27) 0.24

Nitrate 1.87 (1.01, 3.45) 0.04

Statin 1.19 (0.69, 2.05) 0.53

Left atrial diameter, mm 1.13 (1.06, 1.20) <0.001

LV mass index, g/m2 1.03 (1.02, 1.04) <0.001

LVEDV index, ml/m2 1.02 (1.01, 1.03) <0.001

LVESV index, ml/m2 1.02 (1.01, 1.03) <0.001

LVEF, % 0.97 (0.95, 0.98) <0.001

Presence of myocardial ischemia 3.01 (1.75, 5.20) <0.001 1.91 (1.02, 3.59) 0.04 - -

Ischemia extent, per 1 segment 1.11 (1.06, 1.17) <0.001 - - 1.08 (1.01, 1.14) 0.02

Presence of LGE 3.70 (2.13, 6.43) <0.001 2.64 (1.39, 4.99) 0.003 2.86 (1.58, 5.17) 0.001

aMyocardial ischemia was included as a categorical variable (present or absent). bMyocardial ischemia was included as a continuous variable  
(per-segment extent). Bold values are <0.05. ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CMR: cardiac 
magnetic resonance; EDV: end diastolic volume; ESV: end systolic volume; EF: ejection fraction; MACE: major adverse cardiovascular events; LGE: late 
gadolinium enhancement; LV: left ventricular.

events and MACE than those without ischemia. Myocardial 
ischemia was also an independent predictor of severe 
cardiac events and MACE. In contrast, patients without 
myocardial ischemia had a significantly lower risk for 
cumulative events (<1% per year for severe cardiac events). 
These findings agreed with those by Pezel et al.10

LGE is a well-validated method for detecting myocardial 
scars and fibrosis.25 Specific scar patterns corresponding 

to MI and various non-ischemic cardiomyopathy 
are diagnostically useful.25,26 Recent guidelines have 
highlighted the importance of myocardial fibrosis imaging 
by CMR.14,27 A significant proportion of patients with stable 
CAD have normal LV systolic function. The presence of 
LGE also demonstrated its prognostic value in patients with 
normal LVEF and wall motion.28 Similarly to our study, LV 
systolic function was preserved. LGE was detected in 20.7% 
of patients and was an independent predictor of MACE. 
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Moreover, given the very small proportion of patients 
with a history of MI (< 2%), our data also demonstrated 
a compatible prevalence of ‘unrecognized MI’ (19.7%) 
when compared to previous data.3,29-33 Unrecognized 
MI is not an uncommon condition, with a prevalence of 
approximately 10-40% of patients with known or suspected 
CAD.3,29-33  LGE-CMR has improved the detection of small 
lesions due to MI (as little as 1 g), which do not give rise 
to Q-waves on the ECG.29,30,33 Additionally, recent studies 
consistently demonstrated that unrecognized MI using 
LGE-CMR was independently associated with an increased 
risk of cardiovascular events.29,30,33  

Limitations

Several limitations of our study should be considered. 
Firstly, the study methodology was retrospective and, 
therefore, some confounding factors could not be totally 
eliminated. Secondly, our stress protocol acquired only 
three short-axis slices to detect myocardial ischemia and 
may have underestimated perfusion defects in some 
small areas (compared to four or five short-axis slices). 
Thirdly, our study had a relatively low event rate, while 
some degree of overfitting may have occurred in the 
multivariable analyses. Finally, we did not provide the 
information regarding the adequacy of medical therapy 
after stress CMR that might affect the prognosis.  

Conclusions
Adenosine stress CMR is safe and shows prognostic value 

in older adults with known or suspected CAD.

Acknowledgements
The authors would like to thank Mr. Dittapol Muntham, M.S., 

and Miss Michele A. Parker, M.S. for statistical assistance.

Author Contributions
Conception and design of the research, Analysis and 

interpretation of the data, Writing of the manuscript 
and Critical revision of the manuscript for intellectual 
content: Yodying Kaolawanich, Thananya Boonyasirinant; 
Acquisition of data and Statistical analysis: Yodying 
Kaolawanich.

Potential Conflict of Interest

No potential conflict of interest relevant to this article 
was reported. 

Sources of Funding

There were no external funding sources for this study. 

Study Association

This study is not associated with any thesis or 
dissertation work.

Ethics approval and consent to participate

This study was approved by the Ethics Committee of 
the Siriraj Institutional Review Board under the protocol 
number 778/2559 (EC3) COA no. Si 782/2016.. All the 
procedures in this study were in accordance with the 1975 
Helsinki Declaration, updated in 2013.

Figure 2 – Incremental prognostic value of LVEF, myocardial ischemia, and LGE for severe cardiac events (A) and MACE (B). Clinical=age, male gender, 
previous myocardial infarction, and history of heart failure. LGE: late gadolinium enhancement; LVEF: left ventricular ejection fraction; MACE: major adverse 
cardiovascular events.

A
Severe Cardiac Events

21.8
24.4

p=0.13

p=0.005

p=0.07

33.4

37.4

X
2

0

10

15

20

30

40

25

35

5

Clinical + LVEF  
+ Ischemia + LGE

Clinical + LVEF Clinical + LVEF 
+ Ischemia

Clinical

B
Major Adverse Cardiovascular Events

34.1

46.1

p=0.002

p=0.007

p=0.03

55.5

61.1

X
2

0

10

20

30

70

60

50

40

Clinical + LVEF  
+ Ischemia + LGE

Clinical + LVEF Clinical + LVEF 
+ Ischemia

Clinical

104



Arq Bras Cardiol. 2022; 119(1):97-106

Original Article

Kaolawanich & Boonyasirinant
Adenosine Stress CMR in Older Adults

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, 
et al. Heart Disease and Stroke Statistics-2016 Update: A Report from 
the American Heart Association. Circulation. 2016;133(4):e38-360. doi: 
10.1161/CIR.0000000000000350.

2. Yazdanyar A, Newman AB. The Burden of Cardiovascular Disease in the 
Elderly: Morbidity, Mortality, and Costs. Clin Geriatr Med. 2009;25(4):563-
77. doi: 10.1016/j.cger.2009.07.007.

3. Duprez DA. Angina in the Elderly. Eur Heart J. 1996;17(Suppl G):8-13. doi: 
10.1093/eurheartj/17.suppl_g.8. 

4. Sheifer SE, Gersh BJ, Yanez ND 3rd, Ades PA, Burke GL, Manolio TA. 
Prevalence, Predisposing Factors, and Prognosis of Clinically Unrecognized 
Myocardial Infarction in the Elderly. J Am Coll Cardiol. 2000;35(1):119-26. 
doi: 10.1016/s0735-1097(99)00524-0.

5. Vincenti G, Masci PG, Monney P, Rutz T, Hugelshofer S, Gaxherri M, et al. 
Stress Perfusion CMR in Patients with Known and Suspected CAD: Prognostic 
Value and Optimal Ischemic Threshold for Revascularization. JACC 
Cardiovasc Imaging. 2017;10(5):526-37. doi: 10.1016/j.jcmg.2017.02.006.

6. Jahnke C, Nagel E, Gebker R, Kokocinski T, Kelle S, Manka R, et al. 
Prognostic Value of Cardiac Magnetic Resonance Stress Tests: Adenosine 
Stress Perfusion and Dobutamine Stress Wall Motion Imaging. Circulation. 
2007;115(13):1769-76. doi: 10.1161/CIRCULATIONAHA.106.652016.

7. Lipinski MJ, McVey CM, Berger JS, Kramer CM, Salerno M. Prognostic Value 
of Stress Cardiac Magnetic Resonance Imaging in Patients with Known or 
Suspected Coronary Artery Disease: A Systematic Review and Meta-analysis. 
J Am Coll Cardiol. 2013;62(9):826-38. doi: 10.1016/j.jacc.2013.03.080.

8. Heitner JF, Kim RJ, Kim HW, Klem I, Shah DJ, Debs D, et al. Prognostic 
Value of Vasodilator Stress Cardiac Magnetic Resonance Imaging: A 
Multicenter Study With 48 000 Patient-Years of Follow-up. JAMA Cardiol. 
2019;4(3):256-64. doi: 10.1001/jamacardio.2019.0035.

9. Ashrafpoor G et al. Stress Cardiac Magnetic Resonance Imaging in Elderly 
Patients [abstract]. J Cardiovasc Magn Reson. 2011;13(Suppl 1):102. doi: 
10.1186/1532-429X-13-S1-P102. 

10. Pezel T, Sanguineti F, Kinnel M, Hovasse T, Garot P, Unterseeh T, et al. 
Prognostic Value of Dipyridamole Stress Perfusion Cardiovascular Magnetic 
Resonance in Elderly Patients >75 years with Suspected Coronary Artery 
Disease. Eur Heart J Cardiovasc Imaging. 2021;22(8):904-11. doi: 10.1093/
ehjci/jeaa193.

11. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm M, et al. 
2013 ESH/ESC Guidelines for the Management of Arterial Hypertension: 
The Task Force for the Management of Arterial Hypertension of the European 
Society of Hypertension (ESH) and of the European Society of Cardiology 
(ESC). Eur Heart J. 2013;34(28):2159-219. doi: 10.1093/eurheartj/eht151.

12. American Diabetes Association. Standards of Medical Care in 
Diabetes--2014. Diabetes Care. 2014;37(Suppl 1):S14-80. doi: 10.2337/
dc14-S014.

13. Stone NJ, Robinson JG, Lichtenstein AH, Merz CNB, Blum CB, Eckel RH, 
et al. 2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol 
to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report of the 
American College of Cardiology/American Heart Association Task Force on 
Practice Guidelines. J Am Coll Cardiol. 2014;63(25 Pt B):2889-934. doi: 
10.1016/j.jacc.2013.11.002. 

14. Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj 
A, et al. 2013 ESC Guidelines on the Management of Stable Coronary 
Artery Disease: The Task Force on the Management of Stable Coronary 
Artery Disease of the European Society of Cardiology. Eur Heart J. 
2013;34(38):2949-3003. doi: 10.1093/eurheartj/eht296.

15. Grobner T, Prischl FC. Gadolinium and Nephrogenic Systemic Fibrosis. 
Kidney Int. 2007;72(3):260-4. doi: 10.1038/sj.ki.5002338.

16. Kramer CM, Barkhausen J, Bucciarelli-Ducci C, Flamm SD, Kim RJ, Nagel E. 
Standardized Cardiovascular Magnetic Resonance Imaging (CMR) Protocols: 

2020 Update. J Cardiovasc Magn Reson. 2020;22(1):17. doi: 10.1186/
s12968-020-00607-1.

17. Schulz-Menger J, Bluemke DA, Bremerich J, Flamm SD, Fogel MA, 
Friedrich MG, et al. Standardized Image Interpretation and Post-processing 
in Cardiovascular Magnetic Resonance - 2020 Update: Society for 
Cardiovascular Magnetic Resonance (SCMR): Board of Trustees Task Force 
on Standardized Post-Processing. J Cardiovasc Magn Reson. 2020;22(1):19. 
doi: 10.1186/s12968-020-00610-6.

18. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, 
et al. Standardized Myocardial Segmentation and Nomenclature for 
Tomographic Imaging of the Heart. A Statement for Healthcare Professionals 
from the Cardiac Imaging Committee of the Council on Clinical Cardiology 
of the American Heart Association. Circulation. 2002;105(4):539-42. doi: 
10.1161/hc0402.102975.

19. Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, et al. 
2017 Cardiovascular and Stroke Endpoint Definitions for Clinical Trials. J 
Am Coll Cardiol. 2018;71(9):1021-34. doi: 10.1016/j.jacc.2017.12.048.

20. Greenwood JP, Maredia N, Younger JF, Brown JM, Nixon J, Everett CC, et al. 
Cardiovascular Magnetic Resonance and Single-photon Emission Computed 
Tomography for Diagnosis of Coronary Heart Disease (CE-MARC): A 
Prospective Trial. Lancet. 2012;379(9814):453-60. doi: 10.1016/S0140-
6736(11)61335-4.

21. Schwitter J, Wacker CM, Wilke N, Al-Saadi N, Sauer E, Huettle K, et al. 
MR-IMPACT II: Magnetic Resonance Imaging for Myocardial Perfusion 
Assessment in Coronary Artery Disease Trial: Perfusion-cardiac Magnetic 
Resonance vs. Single-photon Emission Computed Tomography for the 
Detection of Coronary Artery Disease: A Comparative Multicentre, 
Multivendor Trial. Eur Heart J. 2013;34(10):775-81. doi: 10.1093/eurheartj/
ehs022.

22. Cicala S, de Simone G, Roman MJ, Best LG, Lee ET, Wang W, et al. 
Prevalence and Prognostic Significance of Wall-motion Abnormalities 
in Adults without Clinically Recognized Cardiovascular Disease: The 
Strong Heart Study. Circulation. 2007;116(2):143-50. doi: 10.1161/
CIRCULATIONAHA.106.652149.

23. Grothues F, Moon JC, Bellenger NG, Smith GS, Klein HU, Pennell DJ. 
Interstudy Reproducibility of Right Ventricular Volumes, Function, and Mass 
with Cardiovascular Magnetic Resonance. Am Heart J. 2004;147(2):218-23. 
doi: 10.1016/j.ahj.2003.10.005.

24. Bellenger NG, Burgess MI, Ray SG, Lahiri A, Coats AJ, Cleland JG, et 
al. Comparison of Left Ventricular Ejection Fraction and Volumes in 
Heart Failure by Echocardiography, Radionuclide Ventriculography and 
Cardiovascular Magnetic Resonance; are they Interchangeable? Eur Heart 
J. 2000;21(16):1387-96. doi: 10.1053/euhj.2000.2011.

25. Kim RJ, Fieno DS, Parrish TB, Harris K, Chen EL, Simonetti O, et al. 
Relationship of MRI Delayed Contrast Enhancement to Irreversible Injury, 
Infarct Age, and Contractile Function. Circulation. 1999;100(19):1992-
2002. doi: 10.1161/01.cir.100.19.1992.

26. Mahrholdt H, Wagner A, Judd RM, Sechtem U, Kim RJ. Delayed 
Enhancement Cardiovascular Magnetic Resonance Assessment of Non-
ischaemic Cardiomyopathies. Eur Heart J. 2005;26(15):1461-74. doi: 
10.1093/eurheartj/ehi258.

27. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 
2016 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic 
Heart Failure: The Task Force for the Diagnosis and Treatment of Acute 
and Chronic Heart Failure of the European Society of Cardiology (ESC)
Developed with the Special Contribution of the Heart Failure Association 
(HFA) of the ESC. Eur Heart J. 2016;37(27):2129-200. doi: 10.1093/
eurheartj/ehw128.

28. Krittayaphong R, Saiviroonporn P, Boonyasirinant T, Udompunturak S. 
Prevalence and Prognosis of Myocardial Scar in Patients with Known or 
Suspected Coronary Artery Disease and Normal Wall Motion. J Cardiovasc 
Magn Reson. 2011;13(1):2. doi: 10.1186/1532-429X-13-2.

References

105



Arq Bras Cardiol. 2022; 119(1):97-106

Original Article

Kaolawanich & Boonyasirinant
Adenosine Stress CMR in Older Adults

This is an open-access article distributed under the terms of the Creative Commons Attribution License

29. Kwong  RY,  Kor lakunta  H.  Diagnos t i c  and Prognos t i c  Va lue 
of Cardiac Magnetic Resonance Imaging in Assessing Myocardial 
Viability. Top Magn Reson Imaging. 2008;19(1):15-24. doi: 10.1097/
RMR.0B013e31817d550c.

30. Kim HW, Klem I, Shah DJ, Wu E, Meyers SN, Parker MA, et al. Unrecognized 
non-Q-wave Myocardial Infarction: Prevalence and Prognostic 
Significance in Patients with Suspected Coronary Disease. PLoS Med. 
2009;6(4):e1000057. doi: 10.1371/journal.pmed.1000057.

31. Kehl DW, Farzaneh-Far R, Na B, Whooley MA. Prognostic Value of 
Electrocardiographic Detection of Unrecognized Myocardial Infarction 

in Persons with Stable Coronary Artery Disease: Data from the Heart and 
Soul Study. Clin Res Cardiol. 2011;100(4):359-66. doi: 10.1007/s00392-
010-0255-2.

32. Pride YB, Piccirillo BJ, Gibson CM. Prevalence, Consequences, and 
Implications for Clinical Trials of Unrecognized Myocardial Infarction. Am J 
Cardiol. 2013;111(6):914-8. doi: 10.1016/j.amjcard.2012.11.042.

33. Nordenskjöld AM, Hammar P, Ahlström H, Bjerner T, Duvernoy O, Lindahl 
B. Unrecognized Myocardial Infarction Assessed by Cardiac Magnetic 
Resonance Imaging is Associated with Adverse Long-term Prognosis. PLoS 
One. 2018;13(7):e0200381. doi: 10.1371/journal.pone.0200381.

106


