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Incidence and Prognostic Implication of Unrecognized
Myocardial Scar Characterized by Cardiac Magnetic
Resonance in Diabetic Patients Without Clinical
Evidence of Myocardial Infarction

Raymond Y. Kwong, MD, MPH; Hamid Sattar, MD; Henry Wu, MD; Gabriel Vorobiof, MD;
Vijay Gandla, MD; Kevin Steel, DO; Samuel Siu, MD; Kenneth A. Brown, MD

Background—Silent myocardial infarctions (MIs) are prevalent among diabetic patients and inflict significant morbidity
and mortality. Although late gadolinium enhancement (LGE) imaging by cardiac magnetic resonance (CMR) can
provide sensitive characterization of myocardial scar, its prognostic significance in diabetic patients without any clinical
evidence of MI is unknown.

Methods and Results—We performed clinically indicated CMR imaging in 187 diabetic patients who were grouped by the
absence (study group, n=109) or presence (control group, n=78) of clinical evidence of MI (clinical history of MI or
Q waves on ECG). CMR imaging and follow-up were successful in 107 study patients (98%) and 74 control patients
(95%). Cox regression analyses were performed to associate LGE with major adverse cardiovascular events (MACE),
including death, acute MI, new congestive heart failure or unstable angina, stroke, and significant ventricular
arrhythmias. LGE by CMR was present in 30 of 107 study patients (28%). At a median follow-up of 17 months, 38 of
107 patients (36%) experienced MACE, which included 18 deaths. Presence of LGE was associated with a >3-fold
hazards increase for MACE and for death (hazard ratio, 3.71 and 3.61; P<<0.001 and P=0.007, respectively). Adjusted
to a model that combines patient age, sex, ST or T changes on ECG, and left ventricular end-systolic volume index, LGE
maintained a >4-fold hazards increase for MACE (adjusted hazard ratio, 4.13; 95% confidence interval, 1.74 to 9.79;
P=0.001). In addition, LGE provided significant prognostic value with MACE and with death adjusted to a
diabetic-specific risk model for 5-year events. The presence of LGE was the strongest multivariable predictor of MACE
and death by stepwise selection in the study patients.

Conclusions—CMR imaging can characterize occult myocardial scar consistent with MI in diabetic patients without
clinical evidence of MI. This imaging finding demonstrates strong association with MACE and mortality hazards that
is incremental to clinical, ECG, and left ventricular function combined. (Circulation. 2008;118:1011-1020.)
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he prevalence of diabetes mellitus has been projected to

increase steeply in the coming decades,' expected to affect
>300 million patients worldwide.? The burden of cardiovascular
disease and premature mortality is expected to rise correspond-
ingly, accounting for an estimated 50% to 80% of all deaths in
those with diabetes mellitus.?> Despite atypical or no cardiovas-
cular symptoms, diabetic patients are at substantially higher risk
of serious cardiac events than nondiabetic patients.* Late gado-
lintum enhancement (LGE) imaging with contrast-enhanced
cardiac magnetic resonance (CMR) imaging can detect and
characterize myocardial scar that is missed by ECG,*> conven-

tional wall motion,® or nuclear scintigraphic techniques’ but is
associated with important cardiac events, including death and
recurrent myocardial infarction (MI).> In this observational
study, we tested the hypothesis that characterization of myocar-
dial scar by LGE imaging can provide strong prognostic value
for major adverse cardiac events (MACE), including death, in a
clinical cohort of diabetic patients without known prior MI. We
also aimed to compare the event-free survival of diabetic
patients without any clinical evidence of MI but who were found
to have LGE by CMR imaging with a control group of diabetic
patients with a known history of ML
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Methods

Patient Population

We studied a consecutive series of patients with diabetes mellitus
who were referred for a clinical CMR. The diagnosis of diabetes
mellitus was based on a history of persistent fasting hyperglycemia'
and antidiabetic drug therapy at the time of the CMR referral.
Patients were referred to CMR for recent symptoms suspected to be
related to coronary artery disease (Table 1). All patients were
referred for assessment of left ventricular (LV) regional and global
function. Stress CMR imaging also was requested and performed in
88 patients (47%). LGE imaging was a part of the CMR protocol and
performed in all patients. Patients were excluded with suspected or
confirmed (by biopsy) myocarditis or infiltrative cardiomyopathy
(including cardiac hemochromatosis, amyloidosis, or sarcoidosis),
concurrent unstable angina, New York Heart Association class IV
heart failure, hemodynamic instability, claustrophobia precluding
CMR, and metallic hazards. As illustrated in Figure 1, patients were
categorized into 2 groups by clinical evidence of MI: a study group
consisting of 109 diabetic patients without clinical evidence of MI
(no MI by clinical history or medical record and no evidence of
significant Q waves on ECG in =2 contiguous leads) and a control
group consisting of 78 diabetic patients with clinical evidence of MI
(historical evidence or significant Q waves in =2 contiguous leads).
Patients with prior coronary intervention and ECG T-wave abnor-
mality were excluded from the study group. All patients provided
informed consent before CMR imaging, and the institutional ethics
committee of Partners Healthcare system approved the study.

Clinical History and ECG Evaluation

All patients underwent a detailed history at the time of CMR.
Clinical evidence of MI was based on either documentation of MI by
history or medical record or significant Q waves (=2 contiguous
leads) on ECG. History of hypercholesterolemia was defined as any
indication for cholesterol-lowering drug treatment according to the
Adult Treatment Panel III of the National Cholesterol Education
Program guidelines.®~!! Hypertension history was defined as systolic
blood pressure (BP) >140 mm Hg or diastolic BP >90 mm Hg,
consistent from =2 readings obtained from =2 visits, or a need for
antihypertensive treatment according to the Joint National Commit-
tee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure 7 criteria.!? Significant smoking was defined as >10
pack-years of tobacco use. Resting 12-lead ECGs were obtained on
average 3.7%+9.0 days from CMR. We excluded any ECG in which
a cardiac event or revascularization occurred between the ECG and
the CMR. We applied the Minnesota Code criteria for significant Q
waves (codes 1-1 through 1-2 except 1-2-8) as ECG evidence of
MI.13 This was interpreted by computer analysis, followed by visual
overreading by a single reader blinded to CMR results and clinical
outcome. We used the Sokolow-Lyon index to indicate LV hyper-
trophy on ECG.!4

CMR Imaging

All patients were studied supine in a 1.5-T CMR system (Signa CV/i,
GE Healthcare, Waukesha, Wis) with a 4- or 8-element phased-array
surface coil. CMR study consisted of cine steady-state free preces-
sion imaging (repetition time, 3.4 ms; echo time, 1.2 ms; in-plane
spatial resolution, 1.6X2 mm) of LV function and LGE imaging
(repetition time, 4.8 ms; echo time, 1.3 ms; inversion time, 200 to
300 ms) for myocardial scar. All images were acquired with ECG
gating and breath holding. Cine imaging and LGE imaging were
obtained in 8 to 14 matching short-axis (8 mm thick with 0-mm
spacing) and 3 radial long-axis planes. A previously described
segmented inversion-recovery pulse sequence for LGE was used'>
starting 15 minutes after cumulative 0.15-mmol/kg dose of gadolin-
ium DTPA. Parallel imaging techniques (array spatial sensitivity
encoding technique [ASSET] with an accelerating factor of 1.5 to 2)

were used to shorten the patients’ breath-hold duration throughout
some studies. A single reader categorized LGE as either typical MI
(involving the subendocardium) or atypical (subepicardial, patchy
midwall, or diffuse circumferential subendocardial pattern).

Quantitative Analysis of LGE and

LV Function Parameters

All images were analyzed with specialized software (CineTool 5.4.1,
GE Healthcare) by researchers blinded to clinical outcome, study
group assignment, and patient history. We interpreted LGE as
present or absent by the consensus of 2 cardiologists. LGE was
considered present only if myocardial enhancement was confirmed
on both short-axis and matching long-axis locations. The myocardial
mass of LGE (grams) was then quantified by a semiautomatic
detection method using a signal intensity threshold of >2 SD above
a remote reference region as previously reported.!®!7 Following the
American Heart Association/American College of Cardiology 17-
segment nomenclature,'® we graded the maximal segmental trans-
mural extent of LGE as 0%, 1% to 25%, 26% to 50%, 51% to 75%,
76% to 99%, and 100%. We also followed the coronary distribution
of the 17-segment model and analyzed the maximal transmural
extent in the left anterior descending, right coronary, and left
circumflex coronary artery distribution. We manually traced epicar-
dial and endocardial borders of matching short-axis cine locations at
end systole and end diastole to determine the LV ejection fraction
(LVEF), LV end-diastolic volume index, LV end-systolic volume
index, and LV myocardial mass (end diastole only).!%20 LVEF was
measured by standard Simpson’s rule using summation of short-axis
locations without interslice spacing. Segmental wall motion abnor-
mality was graded as present or absent concordant on both the
short-axis and the radial long-axis views.

Follow-Up

At least 6 months after the CMR, clinical information was obtained
from patient telephone interviews using a standard questionnaire and
medical records or by contacting patients’ physicians. The median
follow-up duration was 17 months (range, 6 to 57 months). Patient
survival was obtained from the National Social Security Death Index
if patients could not be contacted.?! MACE included any of the
following: all-cause mortality, new acute MI, unstable angina requir-
ing hospitalization, development or progression of heart failure
requiring hospitalization, ventricular arrhythmias requiring appropri-
ate discharge from implantable cardioverter-defibrillator (ICD), and
acute cerebral vascular accidents confirmed by neurological mag-
netic resonance or computed tomography imaging. We reviewed all
available data, including death certificates from regional registries, to
determine whether the immediate cause of death was cardiac related.
New acute MI was defined as elevation of serum troponin. Unstable
angina was defined as new chest pain hospitalization without
noncardiac origin of chest pain and either angiographic coronary
stenosis of =70% or ischemia on noninvasive imaging. Heart failure
was defined by a need for hospitalization for new or worsening
symptoms of heart failure. We reviewed any available ICD records
in patients who underwent ICD implantation after CMR for ventric-
ular arrhythmias that required ICD discharge. When a patient
experienced >1 MACE, the first event was chosen. When =2
MACE occurred simultaneously, the worse event was chosen
(death>MI>unstable angina>congestive heart failure>ventricular
arrhythmias requiring ICD discharge). CMR results, including LGE
and LV function parameters, were made available to the attending
physicians on the day of the CMR.

Coronary Angiography

Any referral to coronary angiography after CMR was performed at
the discretion of the attending physician. Coronary angiography
performed after CMR was interpreted by the consensus of 2
cardiologists who reported any significant (=70%) epicardial coro-
nary stenosis from 2 orthogonal views.



8T0Z ‘¥T Joqwedaq uo Aq hio'sfeusnofeye/:dny wouy papeojumoq

Kwong et al Diabetic Patient Survival by CMR Late Enhancement 1013
Table 1. Demographic Characteristics
Study Group (n=107) LGE Absent (n=77) LGE Present (n=30) P* Control Group (n=74) Pt
Clinical characteristics
Age, y 59+13 57+12 63+13 0.06 64+10 0.002
Female sex, n (%) 40 (37) 32 (42) 8 (27) 0.19 25 (34) 0.64
White race, n (%) 56 (52) 36 (47) 20 (67) 0.09 28 (38) 0.07
High body mass index (=30 kg/m?), n (%) 57 (55) 43 (58) 14 (47) 0.38 28 (41) 0.09
Presenting symptoms at time of CMR, n (%)
Chest pain 42 (39) 30 (39) 12 (40) 0.99 31(42) 0.99
Dyspnea 35(33) 21 (27) 14 (47) 0.07 27 (36) 0.07
Syncope/arrhythmia/ECG abnormality 30 (28) 26 (34) 4(13) 0.05 16 (22) 0.05
Duration of diabetes diagnosis, y 10.7+8.5 10.6+9.0 11.0+7.1 0.86 11.0+8.3 0.85
HbA;;, % 73116 74+16 7217 0.73 76+20 0.22
Resting SBP, mm Hg 142+27 142+24 142+34 0.99 13125 0.003
Resting heart rate >100 bpm, n (%) 7(7) 709 0(0) 0.19 4(5) 0.99
History of hypertension, n (%) 76 (71) 55 (71) 21 (70) 0.99 57 (77) 0.40
History of hypercholesterolemia, n (%) 75 (70) 53 (69) 22 (73) 0.81 61(82) 0.08
Total cholesterol level, mg/dL 158+37 161+32 151+47 0.24 148+33 0.08
HDL cholesterol level, mg/dL 41+10 42+10 4010 0.44 38+7 0.03
Total/HDL cholesterol ratio 3.9+1.0 4.0+09 3.9+1.3 0.66 4.0+1.0 0.81
Heavy tobacco use, n (%) 25 (23) 17 (22) 8 (27) 0.62 22 (30) 0.39
Family history of CAD, n (%) 15 (14) 12 (16) 3(10) 0.55 17 (23) 0.16
History of peripheral vascular disease, n (%) 11 (10) 9(12) 2(7) 0.72 11 (15) 0.36
History of percutaneous coronary 9(8) 4 (5) 5(17) 0.11 20 (27) 0.002
intervention, n (%)
History of cardiac bypass surgery, n (%) 13(12) 6 (8) 7(23) 0.04 20 (27) 0.02
UKPDS 5-y probability of MACE 0.08+0.08 0.07+0.07 0.11+0.10 0.02 0.11%0.07 0.04
Medication, n (%)
B-Blocker 62 (58) 42 (55) 20 (67) 0.28 64 (86) <0.001
Calcium blocker 24 (22) 15(19) 9 (30) 0.30 12 (16) 0.35
Angiotensin-converting enzyme inhibitor 60 (56) 43 (56) 17 (57) 0.99 52 (70) 0.06
Aspirin 60 (57) 39 (51) 21 (70) 0.09 66 (89) <0.001
Rest ECG
Nonsinus rhythm, n (%) 6 (6) 4 (6) 2(7) 0.67 4 (5) 0.99
LV hypertrophy on ECG, n (%) 4(4) 1(1) 3(11) 0.07 4(5) 0.73
QRS duration, ms 97+20 94+18 10522 0.01 10220 0.09
Left bundle-branch block, n (%) 7(7) 3(4) 4(14) 0.10 5(7) 0.99
Right bundle-branch block, n (%) 5(5) 3(4) 2(7) 0.62 4(5) 0.99
ST depression =1 mm, n (%) 11 (11) 5(7) 6 (21) 0.07 21 (29) 0.005
T inversion in >2 contiguous leads, n (%) 21 (21) 12(17) 9(32 0.11 36 (49) <0.001
Corrected QT interval, ms 439+32 436+29 448+37 0.10 436+42 0.60
CMR
Total LV mass, g 14249 13644 15455 0.08 14843 0.37
Average LVEF, % 56+15 60+12 47+18 <0.001 42+18 <0.001
LVEDV index, mL/m? 82+26 7417 10234 <0.001 114+43 <0.001
LVESV index, mL/m? 39+26 3014 61+37 <0.001 73+46 <0.001
Presence of wall motion abnormality, n (%) 30 (28) 8(10) 22 (73) <0.001 58 (79) <0.001

HDL indicates high-density lipoprotein; CAD, coronary artery disease; LVEDV, LV end-diastolic volume; LVESV, LV end-systolic volume.
*Comparison within the study group, LGE absent vs LGE present.

tComparison between the study and control

groups.
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187 Diabetic Patients

! '

Without a history of M| With a history of MI
(N=109) (N=78)

2 patients had incomplete CMR
All patients had successful follow-up

STUDY Group CONTROL Group
(N=107) (N=74)

Statistical Analysis
Demographic characteristics by LGE presence were compared by
Student ¢ test or Fisher exact test. The survival functions of the
cohort patients with and without LGE were compared by use of
Kaplan—Meier statistics and tested for difference by the log-rank
tests. To determine the rate of hazard change over time in this patient
cohort, we plotted the cumulative hazard function for MACE and
all-cause mortality using the log—event-free-survival plot and log-
survival plot, respectively. We fitted Cox proportional-hazards
models to estimate the unadjusted hazard ratios (HRs) of all the
variables. A value of P<<0.05 was used to determine significance in
all testing. The interobserver agreement in qualitative interpretation
of LGE has previously been demonstrated by Bland-Altman
analysis.®

We performed 2 separate multivariable Cox regression analyses.
In the first analysis, we determined the set of predictors that formed
the best overall models for the prediction of MACE and for all-cause
mortality. All clinical, ECG, and CMR variables were considered
using a stepwise forward selection strategy with P<<0.05 as the
inclusion and exclusion levels. We also determined the strongest
multivariable predictor for MACE and mortality, respectively, when
all variables were considered. In the second analysis, we determined
whether any incremental prognostic information was present by LGE
imaging beyond patient age, sex, and LV systolic function. In each
of the final models, the validity of the proportional-hazards assump-
tion was tested by adding a time-dependent interaction variable for
each of the predictors in the models. This assumption was validated
for all the variables in the final models. All analyses were performed
with SAS 9.1 (SAS Institute, Cary, NC) for Windows.

Prognostic Implication of LGE by CMR
Compared With Standard Validated

Risk Model for Diabetic Patients

We used the validated diabetes-specific United Kingdom Prospective
Diabetes Study (UKPDS) risk engine by Stevens et al*'* to assess the
S-year probability of a cardiac event in the study group patients. The
UKPDS risk model for R(t=5), the 5-year probability of MACE in
a patient who had diabetes mellitus diagnosed for T years, with the
assumption of an absence of noncardiac death, was calculated by the
following equation: Ry(t=5)=1—exp[—qXd"™(1—d")/(1—d)], where
d is the risk ratio of 1.087 per year of diabetes diagnosis;
q :qOBlAge*SSBZSexBSRz|ceB4Sm0kingBSHbAIc—6.7ZBG(SBP7]35.7)/IOB7ln(LR)7l.59; age
is the patient age at diagnosis of diabetes mellitus; sex=1 for female
or 0 otherwise; race=1 for black race or 0 otherwise; smoking=1 for
current cigarette smoking or 0 otherwise; HbA,.=hemoglobin A, in
percent obtained within 2 years; SBP = systolic BP in mm Hg
obtained at the time of CMR; and In(LR) = natural log of the ratio
of total cholesterol to high-density lipoprotein obtained within 2
years. As defined by Stevens et al, the parameter estimates by
maximum likelihood were as follows: q,=0.0112, B,=1.059,
B,=0.525, 3,=0.39, B,=1.35, Bs=1.183, B,=1.088, and 3,=3.845.
We determined the univariable prognostic association of R(t=5)

Figure 1. Composition of the study and control
groups.

2 patients had incomplete CMR
2 patient (3%) loss to follow-up

with MACE and death. We then sought to determine the prog-
nostic value of LGE by CMR after adjustment to R(t=5).

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results

Baseline Characteristics of the Study Group
Demographic characteristics of the study group, stratified by
the presence of LGE, are shown in Table 1. In a consecutive
series of 109 patients, 2 (2%) had incomplete CMR study and
were excluded from further analysis. Both of these patients
were uneventful at the end of the study period. The remaining
107 (67 male; mean age, 59*13 years) formed the study
cohort. A high prevalence of concurrent coronary risk factors
such as hypertension and hypercholesterolemia was found,
and a minority of patients had prior coronary intervention. On
average, study patients had diabetes mellitus diagnosed for
10.7x8.5 years. LGE by CMR was present in 30 of 107
patients (28%) in the study group. Presence of LGE on CMR
was associated with a history of cardiac bypass surgery,
significant T-wave abnormality, elevated 5-year UKPDS
event probability, prolonged QRS duration, presence of wall
motion abnormality, and reduced global LV function (LVEEF,
LV end-diastolic volume index, and LV end-systolic volume
index).

Cardiovascular Outcome of the Study Group

At the end of study follow-up (median, 17 months; range, 6
to 57 months), 38 patients (36%) in the study group experi-
enced MACE, including 18 deaths, 2 acute Mls, 10 unstable
angina, 5 exacerbations of heart failure, 1 cerebral vascular
accident, and 2 ventricular tachycardia necessitating ICD
discharge. We could confirm that 14 of the 18 deaths (78%)
were cardiac, 2 (11%) were unknown, and 2 (11%) were
noncardiac (both with metastatic cancers). Among the cardiac
deaths, all had LV dysfunction; 12 of the 14 died as a result
of worsening heart failure, and 2 had sudden arrhythmic
events that failed resuscitation. The 2 patients who developed
an acute MI had ST elevation with elevated troponins and
severe angiographic coronary stenoses. During follow-up, 28
of the 107 study patients (26%) were referred to coronary
angiography at an average of 160£278 days (range, 3 to 1282
days) after CMR. Of these 28, 19 patients (68%) had
angiographically significant coronary stenosis, with 10 (53%)
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Table 2. Univariable Association With MACE and Mortality of Patients in the Study Group

MACE All-Cause Mortality

HR 95% Cl P HR 95% Cl P
Patient age 1.00 0.98-1.03 0.81 1.05 1.00-1.09 0.04
Female sex 0.84 0.42-1.67 0.61 1.08 0.40-2.95 0.88
Body mass index >30 kg/m? 0.66 0.34-1.27 0.22 0.44 0.16-1.19 0.11
Years of diabetes diagnosis 0.98 0.94-1.02 0.39 0.99 0.93-1.05 0.70
HbA;., % 0.87 0.67-1.12 0.27 0.91 0.62-1.33 0.61
Resting heart rate >100 bpm 0.95 0.29-3.12 0.93 0.75 0.10-5.71 0.78
History of PCI 2.41 1.00-5.81 0.05 2.00 0.58-6.94 0.28
History of CABG 1.43 0.56-3.71 0.46 0.46 0.06-3.49 0.45
History of hypertension 0.65 0.32-1.29 0.22 0.61 0.23-1.66 0.34
History of hypercholesterolemia 0.63 0.33-1.23 0.18 0.48 0.19-1.23 0.13
Total cholesterol value 1.00 0.99-1.00 0.32 0.99 0.97-1.00 0.06
HDL cholesterol 1.00 0.97-1.03 0.81 1.01 0.97-1.05 0.62
Total/HDL cholesterol ratio 0.83 0.55-1.23 0.34 0.42 0.22-0.81 0.009
Heavy tobacco use 1.16 0.58-2.33 0.67 1.94 0.75-5.03 0.17
Family history of CAD 0.57 0.18-1.87 0.35 0.82 0.19-3.59 0.79
Systolic BP at rest, mm Hg 1.00 0.98-1.01 0.55 1.00 0.98-1.02 0.80
UKPDS 5-y probability of MACE 0.22 0.01-15.53 0.49 7.38 0.06-986.72 0.42
B-Blocker 0.89 0.47-1.71 0.74 0.87 0.34-2.20 0.76
Calcium blocker 1.18 0.58-2.39 0.64 0.84 0.27-2.54 0.75
Angiotensin-converting enzyme 0.75 0.40-1.42 0.37 0.71 0.28-1.81 0.50
inhibitor
Cholesterol-lowering medication 0.80 0.41-1.54 0.50 0.37 0.15-0.95 0.04
Aspirin 1.20 0.63-2.31 0.57 1.22 0.47-3.16 0.68
Nonsinus rhythm 1.71 0.60-4.91 0.32 1.62 0.37-7.11 0.99
LVH on ECG 1.13 0.27-4.70 0.87
Left bundle-branch block 1.77 0.62-5.05 0.28 2.31 0.66-8.04 0.19
Right bundle-branch block
QRS duration 1.00 0.98-1.02 0.90 1.01 0.98-1.03 0.65
Corrected QT interval 0.99 0.98-1.00 0.24 0.99 0.97-1.01 0.22
ST depression =1 mm 1.99 0.82-4.84 0.13 1.72 0.49-5.98 0.40
T inversion in >2 contiguous 1.80 0.89-3.64 0.10 2.10 0.81-5.44 0.12
leads
LV mass 1.01 1.00-1.01 0.09 0.99 0.98-1.00 0.23
LVEDD, per mm 1.00 0.95-1.05 0.91 0.97 0.91-1.04 0.38
LVEDV index, per 10 mL/m? 1.19 1.05-1.34 0.006 1.02 0.86-1.21 0.79
LVESV index, per 10 mL/m? 1.18 1.07-1.31 <0.001 1.04 0.89-1.21 0.63
LVEF, per 10% 0.79 0.65-0.96 0.02 0.96 0.72-1.30 0.81
Resting wall motion abnormality 1.91 0.99-3.67 0.05 1.90 0.75-4.83 0.18
Presence of LGE 3.71 1.93-7.12 <0.001 3.61 1.42-9.19 0.007
LGE, % of LV mass, per 10% 1.63 1.12-2.38 0.01 1.60 0.87-2.92 0.13
TEwean 2.04 0.72-5.75 0.18 3.97 1.09-14.48 0.04
TEpax 1.26 0.99-1.61 0.06 1.32 0.96-1.82 0.09
TEwax (LAD territory) 0.98 0.61-1.56 0.92 1.22 0.76-1.96 0.42
TEwex (RCA territory) 1.51 1.15-1.98 0.003 1.51 1.08-2.12 0.02
TEwax (LCx territory) 1.08 0.47-2.47 0.85 1.47 0.44-4.84 0.53
No. of segments with LGE 1.14 0.96-1.36 0.14 1.26 1.02-1.56 0.03
No. of segments with LGE (LAD) 1.11 0.62-2.00 0.73 1.61 0.86-2.99 0.14
No. of segments with LGE (RCA) 1.59 1.11-2.29 0.01 1.50 1.03-2.17 0.03
No. of segments with LGE (LCx) 1.25 0.65-2.41 0.50 1.67 0.77-3.64 0.20

PCI indicates percutaneous coronary intervention; CABG, coronary artery bypass grafting; HDL, high-density lipoprotein; CAD,
coronary artery disease; LVH, LV hypertrophy; LVEDD, LV end-diastolic dimension; LVEDV, LV end-diastolic volume; LVESV, LV
end-systolic volume; TE, transmural extent of late gadolinium enhancement; LAD, left anterior descending artery; RCA, right coronary
artery; and LCx, left circumflex artery. Entries without values indicate that events were too low for HR estimation.
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Kaplan-Meier Event-Free Survival and Survival Curves

All-Cause Mortality
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Figure 2. Kaplan—Meier event-free survival and survival curves (A) and cumulative event-free survival and survival functions (B) of the

study group.

undergoing coronary interventions. Coronary intervention
during follow-up was not associated with MACE in the study
patients (HR, 0.75; 95% CI, 0.31 to 1.85; P=0.39). Univari-
able associations of clinical, ECG, and CMR variables with
MACE and all-cause mortality are illustrated in Table 2. In
the study cohort, although percutaneous coronary interven-
tion, resting wall motion abnormality, LV end-systolic vol-
ume index, LV end-diastolic volume index, and LVEF were
significant predictors of MACE, the presence of LGE dem-
onstrates the strongest association with MACE (x” likelihood
ratio, 15.54; HR, 3.71; P<<0.001) and all-cause mortality ()}
likelihood ratio, 7.27; HR, 3.61; P=0.007). The myocardial
extent of LGE (as a percent of total LV mass) was associated
with hazards for MACE during the study follow-up period,
with an estimated 63% increase in hazards for every 10%
increase in the myocardial extent of LGE. Average segmental
transmural extent of LGE and the number of myocardial
segments with LGE were significantly associated with all-
cause mortality. Maximal transmural extent of LGE demon-
strated a trend association with increased hazards for MACE
and with increased hazards for death. LGE involvement in the
right coronary artery territory (by maximal transmural extent
or number of segments with scar) had a stronger association
with MACE or with all-cause mortality than the other 2
coronary territories. Among study patients with resting wall
motion abnormality, hypokinesis/akinesis was observed in

the anterior, inferior, and lateral LV in 16 (15%), 17 (16%),
and 9 (8%) patients, respectively. The location of wall motion
abnormality did not demonstrate independent association
with MACE or death.

Temporal Pattern of Hazards of Patients

in the Study Group

Kaplan—Meier curves, stratified by the presence of LGE, for
MACE (left) and all-cause mortality (right) of patients in the
study group are illustrated in Figure 2 (top). Both MACE and
all-cause mortality were significantly increased in diabetic
patients with LGE compared with those without LGE. Figure
2 (bottom) also illustrates the corresponding cumulative
hazard function for MACE (left) and all-cause mortality
(right) over time during the follow-up period. The rate of
hazard increase is demonstrated by the slope of the cumula-
tive hazard function curves. The left plot demonstrates that
study patients who had LGE experienced MACE at a sub-
stantially higher rate than patients who did not have LGE in
the first 1 year after study entry. However, patients who were
found to have no LGE at study entry developed an increasing
rate of experiencing hazards in MACE after the first 2 years
of study follow-up. The right plot demonstrates the cumula-
tive hazard function for patient mortality in the study cohort.
A pattern of increasing hazards for patient mortality similar to
MACE was observed. Hazards of all-cause mortality in-
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multivariable (dark bar) model )? likelihood ratio (* LR) for MACE
and all-cause mortality in the study group. LVESV indicates LV
end-systolic volume; LVESI, LV end-systolic volume index.

creased at an increasing rate beyond the first 2 years of study
follow-up.

Multivariable Analyses of Patients

in the Study Group

When all variables in Table 1 were considered in the
multivariable forward selection strategy, presence of LGE
was the strongest multivariable predictor selected for associ-
ation with MACE and all-cause mortality. At the predefined
selection level of entry (P=0.05), no other variable qualified
to enter the selection models after LGE was selected for
MACE and for all-cause mortality. Furthermore, after adjust-
ment for patient age, gender, any abnormal ST or T changes
on ECG, and LV end-systolic volume index, the presence of
LGE showed significant incremental prognostic value for
MACE, increasing model x* by 9.38 (P=0.002) with a
>4-fold adjusted hazards increase for MACE (adjusted HR,
4.13; 95% CI, 1.75 to 9.74; P=0.001; Figure 3). In addition,
after adjustment for patient age, sex, and LV end-systolic
volume index, the presence of LGE had significant incremen-
tal predictive value for all-cause mortality, increasing model
X likelihood ratio by 7.32 (P=0.007) with a >5-fold ad-
justed hazards increase for all-cause mortality (adjusted HR,
5.03; 95% CI, 1.62 to 15.58; P=0.005; Figure 3). After
adjustment for the effects of resting wall motion abnor-
mality, LGE provided incremental association with MACE
and death (adjusted HR, 4.59; P<<0.001; and adjusted HR,
4.73; P=0.01, respectively).

Prognostic Association of LGE Adjusted to the
UKPDS 5-Year Probability Risk Model and
Metabolic Parameters in the Study Group
Metabolic panel (HbA,. and fasting lipoprotein ratio) per-
formed within 12 months of CMR was available in 98 of 107
study patients (92%). Mean R(t=5) in the study group was
0.082%0.078 (range, 0.003 to 0.395). Although a signifi-
cantly higher mean R(t=5) was found among study patients
with LGE (0.111+0.088 versus 0.070x0.062; P=0.01),
R(t=5) did not demonstrate significant prognostic associa-
tion with MACE or death. After adjustment for Ry(t=5), LGE
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maintained a strong association with MACE (HR, 3.89; 95%
CI, 1.92 to 7.87; P<<0.001) and death (HR, 3.38; 95% ClI,
1.24 to 9.25; P=0.02). After adjustment for HbA,., duration
of diabetes mellitus in years, lipoprotein ratio, and systolic
BP, LGE maintained a strong association with MACE (HR,
3.37, P<0.001; HR, 3.46, P<0.001; HR, 3.37, P<<0.001; and
HR, 3.74, P<<0.001, respectively) and with death (HR, 3.49,
P=0.01; HR, 3.46, P=0.01; HR, 3.05, P=0.03; and HR,
3.62, P=0.007, respectively). In addition, LGE percent (per
10% of LV mass involved) maintained a significant associa-
tion with MACE adjusted to R(t=5), HbA,., duration of
diabetes mellitus in years, lipoprotein ratio, and systolic BP
(HR, 1.61, P=0.02; HR, 1.60, P=0.02; HR, 1.58, P=0.03;
HR, 1.61, P=0.02; and HR, 1.64, P=0.01, respectively).

Comparing the Demographic Features and
Outcomes of the Study and Control Groups
Demographic characteristics of the study and the control
groups were compared and are illustrated in Table 1. Com-
pared with the study group, patients in the control group were
older, had more frequent coronary intervention, had lower
LVEF and larger LV end-diastolic volume index, and were
more likely to have wall motion abnormality. In the first 12
months after CMR, 25 of the 74 patients (34%) had coronary
angiography at an average of 48*+78 days (range, 26 to 303
days) after the CMR study. A high burden of coronary artery
disease was found, with 22 of these 25 patients (88%) having
coronary stenosis (>70%) involving at least 1 vessel.

At the end of the study follow-up period, patients in the
control group experienced 33 MACE, including 13 deaths, 4
acute MIs, 8 unstable angina hospitalizations, and 8 heart
failure hospitalizations. Among the 13 patient deaths, 10
(77%) were confirmed to have been caused by worsening
heart failure, 2 (15%) were unknown, and 1 (8%) had a
noncardiac cause (history of mesothelioma on chemother-
apy). Figure 4 (left) demonstrates the event-free survival
function by Kaplan—Meier curves comparing the study group
(stratified by presence or absence of LGE) and the control
group. Consistent with existing literature, patients in the
control group (diabetics with clinical evidence of MI) had
significantly worse event-free survival compared with pa-
tients in the study group without LGE (P=0.001). However,
those patients in the study group with LGE by CMR followed
a worsened event-free survival distribution that was similar to
that of patients in the control group (P=0.18). The range of
the median event-free survival times from the study group
with LGE (0.43 years; range, 0.005 to 3.62 years; interquar-
tile range, 0.21 to 1.46 years) fell within the range of the
control group (0.90 years; range, 0.002 to 4.58 years; inter-
quartile range, 0.23 to 1.95). Figure 4 (right) demonstrates
that patients in the study group with LGE by CMR experi-
enced a high rate of hazards increase, similar to patients in the
control group, throughout the course of the follow-up period.

Discussion
The present study found a high prevalence (28%) of myocar-
dial scar detected by LGE on CMR in diabetic patients
without clinical evidence of MI. Importantly, LGE was
associated with substantial hazards to MACE and all-cause
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Figure 4. Kaplan—-Meier event-free survival curves and log event-free survival of patients from both the study and control groups combined.

mortality (>3-fold hazards increase for MACE and mortal-
ity). Furthermore, diabetic patients without clinical evidence
of MI but with LGE evidence of myocardial scar had a
cardiac event rate that was very similar to that of diabetic
patients with clinical evidence of prior MI. Among diabetic
patients without clinical evidence of MI, LGE was the
strongest (and the only significant) multivariable predictor of
MACE and mortality. It added incremental prognostic value
to common clinical risk markers such as patient age, gender,
ST-T changes on ECG, LV global systolic function, and
UKPDS 5-year risk model.

Clinical Implications

A clear need exists to identify diabetic patients at high risk of
cardiovascular events. We found that LGE imaging can detect
a high prevalence of myocardial scar that represented “foot-
prints” of prior subclinical coronary events. These occult
myocardial scars were associated with a high risk of future
cardiac events and therefore identify a subpopulation of
diabetic patients who may benefit from more intensive
medical or revascularization treatment strategies. Although
other imaging techniques have reported value for risk strati-
fication of diabetic patients without prior MI,>2>23 LGE
imaging by CMR may offer a unique noninvasive method for
detecting unrecognized myocardial scar at high spatial reso-
lution and tissue contrast. Furthermore, CMR may detect
subclinical MI missed by nuclear methods”->* or cine imaging?>
and therefore may be more sensitive for detecting patients at risk
for important cardiac events. Although the burden of diabetes
mellitus has been predicted to reach an epidemic level in the next
decades, affecting 12% to 15% of the US population,?® our
results highlight that LGE imaging may provide a noninvasive
risk-stratifying tool for moderate- to high-risk diabetics.

As a corollary finding, diabetic patients in our cohort
without evidence of MI by history or LGE imaging enjoyed
an initial 2-year period of relatively low rates of hazards
increases for cardiac events. These findings are consistent
with the temporal pattern of cardiac events experienced by

diabetic patients enrolled in large epidemiological studies.?’
However, we found that the rate of developing MACE steeply
increased after the first 2 years in patients without a history of
MI who had negative LGE imaging. We postulate that some
patients in this group who had no LGE at the time of CMR
remained at ongoing risk for progressive coronary disease
and may have developed subsequent subclinical myocardial
scarring sometime after 2 years with an associated increased
cardiac event rate. Thus, it appears that in diabetic patients
without clinical evidence of MI who have negative CMR
studies for scar, a limited 2-year “warranty period” exists.
Such a limited warranty also has been described with normal
stress nuclear perfusion or dobutamine stress echocardiogra-
phy, especially in populations of patients with known coro-
nary artery disease or with diabetes mellitus.26-3! In these
patients without evidence of myocardial ischemia, the annual
cardiac death or MI rate is very low (0.5% to 0.9% per year)
for the first 3 to 5 years and then increases by 80% to 160%
over the next 3 years.>® The present study, however, charac-
terized the presence and extent of LGE indicative of MI
undetected by clinical evaluation. With a higher sensitivity
for small subendocardial MI than cine®> or nuclear meth-
ods,”?* LGE by CMR may provide improved risk stratifica-
tion of diabetic patients complementary to current methods
for evaluating myocardial ischemia.

Study Limitations

Our study has a number of limitations. First, because CMR is
a new and costly imaging modality among other available
noninvasive modalities, it is possible that selection bias exists
from clinicians’ referral at our institution. The study group
demonstrated high prevalence of coronary risk factors, evi-
dent by a history of hypertension in 71% of patients,
hypercholesterolemia in 70%, and a long duration of diabetes
mellitus (average, 11 years; range, 1 to 49 years). We
postulate that selection bias likely has sampled high-risk
diabetics with a high prevalence of subclinical coronary
disease and thus an elevated mortality rate of 17% at 4.7
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years’ follow-up. Although we reported strong association of
LGE with MACE and death in the present study patients,
whether any prognostic association of LGE with MACE
exists in diabetics at lower pretest likelihood of coronary
artery disease requires future study. Furthermore, our study
involved patients presenting with recent symptoms and likely
represented a higher-risk population; whether the present
results apply to asymptomatic diabetic patients is unclear. A
second study limitation relates to the selection of control
patients based on evidence of prior MI. As a result, some
characteristics such as age and history of prior coronary
intervention were not matched between the study and control
groups. However, it is intriguing that study group patients,
despite being younger with less frequent history of coronary
intervention, had a markedly reduced event-free survival
when LGE was present, comparable to control patients (Figure
4). The small patient numbers may have limited the power of the
log-rank test in detecting a statistical difference between these 2
groups. We believe that these patients represent a high-risk
group who had suffered a silent MI undetected by clinical
examination and ECG but characterized by CMR. Finally, no
conclusion can be drawn about the prognostic value of CMR
compared with other imaging or diagnostic techniques for risk
stratification of diabetic patients. We believe that as a noninva-
sive technique capable of concurrent stress perfusion or cine
function in the same imaging session, CMR offers a strong
potential for risk stratification and treatment guidance of diabetic
patients at high risk of adverse outcomes.

Conclusions

Diabetic patients without clinical evidence of MI have a high
prevalence of myocardial scar consistent with MI detected by
CMR that is associated with a significant risk of important
cardiac events, including death. Furthermore, LGE by CMR
provides incremental prognostic information to MACE or
all-cause mortality, beyond clinical and LV function variables
combined, and may serve as a valuable noninvasive risk-
stratifying tool in these patients with a known high preva-
lence of coronary artery disease.

Sources of Funding
Performance of this study was supported by the Brigham and
Women’s Hospital Cardiovascular Imaging Funds. Dr Kwong is
supported in part by a research grant from the National Institutes of
Health (NIH RO1 HL091157).

Disclosures
None.

References

1. Report of the Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care. 1997;20:1183-1197.

2. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-2025:
prevalence, numerical estimates, and projections. Diabetes Care. 1998;
21:1414-1431.

3. International Diabetes Federation. Triennial Report (1991-1994) and
Directory. Brussels, Belgium: International Diabetes Federation; 1994.

4. Zellweger MJ, Hachamovitch R, Kang X, Hayes SW, Friedman JD,
Germano G, Pfisterer ME, Berman DS. Prognostic relevance of
symptoms versus objective evidence of coronary artery disease in diabetic
patients. Eur Heart J. 2004;25:543-550.

5. Kwong RY, Chan AK, Brown KA, Chan CW, Reynolds HG, Tsang S,
Davis RB. Impact of unrecognized myocardial scar detected by cardiac

Diabetic Patient Survival by CMR Late Enhancement

oo

20.

21.

21

IS

22.

23.

1019

magnetic resonance imaging on event-free survival in patients presenting
with signs or symptoms of coronary artery disease. Circulation. 2006;
113:2733-2743.

. Nagel E, Lehmkuhl HB, Bocksch W, Klein C, Vogel U, Frantz E, Ellmer

A, Dreysse S, Fleck E. Noninvasive diagnosis of ischemia-induced wall
motion abnormalities with the use of high-dose dobutamine stress MRI:
comparison with dobutamine stress echocardiography. Circulation. 1999;
99:763-770.

. Wagner A, Mahrholdt H, Holly TA, Elliott MD, Regenfus M, Parker M,

Klocke FJ, Bonow RO, Kim RJ, Judd RM. Contrast-enhanced MRI and
routine single photon emission computed tomography (SPECT) perfusion
imaging for detection of subendocardial myocardial infarcts: an imaging
study. Lancet. 2003;361:374-379.

. Whelton PK. Epidemiology of hypertension. Lancet. 1994;344:101-106.
. Third report of the National Cholesterol Education Program (NCEP) Expert

Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III) final report. Circulation. 2002;106:
3143-3421.

. Classification and diagnosis of diabetes mellitus and other categories of

glucose intolerance: National Diabetes Data Group. Diabetes. 1979;28:
1039-1057.

. Summary of the second report of the National Cholesterol Education

Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment Panel II). JAMA.
1993;269:3015-3023.

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL

Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ. The
seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure: the INC 7 report.
JAMA. 2003;289:2560-2572.

. Blackburn H, Keys A, Simonson E, Rautaharju P, Punsar S. The elec-

trocardiogram in population studies: a classification system. Circulation.
1960;21:1160-1175.

. Okin PM, Devereux RB, Jern S, Kjeldsen SE, Julius S, Nieminen MS,

Snapinn S, Harris KE, Aurup P, Edelman JM, Wedel H, Lindholm LH,
Dahlof B. Regression of electrocardiographic left ventricular hypertrophy
during antihypertensive treatment and the prediction of major cardiovas-
cular events. JAMA. 2004;292:2343-2349.

. Simonetti OP, Kim RJ, Fieno DS, Hillenbrand HB, Wu E, Bundy JM,

Finn JP, Judd RM. An improved MR imaging technique for the visual-
ization of myocardial infarction. Radiology. 2001;218:215-223.

. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O, Klocke FJ,

Bonow RO, Judd RM. The use of contrast-enhanced magnetic resonance
imaging to identify reversible myocardial dysfunction. N Engl J Med.
2000;343:1445-1453.

. Gerber BL, Garot J, Bluemke DA, Wu KC, Lima JA. Accuracy of

contrast-enhanced magnetic resonance imaging in predicting
improvement of regional myocardial function in patients after acute
myocardial infarction. Circulation. 2002;106:1083-1089.

. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey

WK, Pennell DJ, Rumberger JA, Ryan T, Verani MS. 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;105:539 -542.

. Salton CJ, Chuang ML, O’Donnell CJ, Kupka MJ, Larson MG, Kissinger

KV, Edelman RR, Levy D, Manning WIJ. Gender differences and normal
left ventricular anatomy in an adult population free of hypertension: a
cardiovascular magnetic resonance study of the Framingham Heart Study
offspring cohort. J Am Coll Cardiol. 2002;39:1055-1060.

Alfakih K, Reid S, Jones T, Sivananthan M. Assessment of ventricular
function and mass by cardiac magnetic resonance imaging. Eur Radiol.
2004;14:1813-1822.

Davis KB, Fisher L, Gillespie MJ, Pettinger M. A test of the National
Death Index using the Coronary Artery Surgery Study (CASS). Control
Clin Trials. 1985;6:179-191.

Stevens RJ, Kothari V, Adler AI, Stratton IM; United Kingdom Pro-

spective Diabetes Study (UKPDS) Group. The UKPDS risk engine: a
model for the risk of coronary heart disease in type II diabetes (UKPDS
56). Clin Sci (Lond). 2001;101:671-679.

Bax JJ, Bonow RO, Tschope D, Inzucchi SE, Barrett E. The potential of
myocardial perfusion scintigraphy for risk stratification of asymptomatic
patients with type 2 diabetes. J Am Coll Cardiol. 2006;48:754-760.
DeLuca AJ, Kaplan S, Aronow WS, Sandhu R, Butt A, Akoybyan A,
Weiss MB. Comparison of prevalence of unrecognized myocardial



8T0Z ‘¥T Joqwedaq uo Aq hio'sfeusnofeye/:dny wouy papeojumoq

1020 Circulation September 2, 2008

24.

25.

26.

27.

infarction and of silent myocardial ischemia detected by a treadmill 28. Schinkel AF, Elhendy A, Bax JJ, van Domburg RT, Huurman A,
exercise sestamibi stress test in patients with versus without diabetes Valkema R, Biagini E, Rizzello V, Feringa HH, Krenning EP, Simoons
mellitus. Am J Cardiol. 2006;98:1045-1046. ML, Poldermans D. Prognostic implications of a normal stress techne-
Klein C, Nekolla SG, Bengel FM, Momose M, Sammer A, Haas F, Schnack- tium-99m-tetrofosmin myocardial perfusion study in patients with a
enburg B, Delius W, Mudra H, Wolfram D, Schwaiger M. Assessment of healed myocardial infarct and/or previous coronary revascularization.
myocardial viability with contrast-enhanced magnetic resonance imaging: Am J Cardiol. 2006;97:1-6.

comparison with positron emission tomography. Circulation. 2002;105: 29. Schinkel AF, Bax JJ, Elhendy A, van Domburg RT, Valkema R,
162-167. Vourvouri E, Bountioukos M, Rizzello V, Biagini E, Agricola E,
Ricciardi MJ, Wu E, Davidson CJ, Choi KM, Klocke FJ, Bonow RO, Krenning EP, Simoons ML, Poldermans D. Long-term prognostic value
Judd RM, Kim RJ. Visualization of discrete microinfarction after percu- of dobutamine stress echocardiography compared with myocardial per-
taneous coronary intervention associated with mild creatine kinase-MB fusion scanning in patients unable to perform exercise tests. Am J Med.
elevation. Circulation. 2001;103:2780-2783. 2004;117:1-9.

Mainous AG 3rd, Baker R, Koopman RJ, Saxena S, Diaz VA, Everett 30. Elhendy A, Schinkel A, Bax JJ, van Domburg RT, Poldermans D.
CJ, Majeed A. Impact of the population at risk of diabetes on proj- Long-term prognosis after a normal exercise stress Tc-99m sestamibi
ections of diabetes burden in the United States: an epidemic on the SPECT study. J Nucl Cardiol. 2003;10:261-266.

way. Diabetologia. 2007;50:934-940. 31. Elhendy A, Huurman A, Schinkel AF, Bax JJ, van Domburg RT, Valkema
Folsom AR, Szklo M, Stevens J, Liao F, Smith R, Eckfeldt JH. A R, Biagini E, Poldermans D. Association of ischemia on stress
prospective study of coronary heart disease in relation to fasting insulin, (99m)Tec-tetrofosmin myocardial perfusion imaging with all-cause
glucose, and diabetes: the Atherosclerosis Risk in Communities (ARIC) mortality in patients with diabetes mellitus. J Nucl Med. 2005;46:
Study. Diabetes Care. 1997;20:935-942. 1589-1595.

CLINICAL PERSPECTIVE

With a high prevalence of atypical cardiac symptoms and ECG findings nonspecific for acute coronary syndrome, a
noninvasive technique that improves the detection of occult myocardial infarction (MI) in diabetic patients may serve to
advance the management of the cardiovascular complications of this current global epidemic. In this study, we report the
clinical utility and prognostic implication of late gadolinium enhancement (LGE) by cardiac magnetic resonance imaging
in detecting myocardial scar from MI in a diabetic cohort without any history or ECG evidence of MI. With excellent tissue
contrast and spatial resolution, LGE imaging offers a novel method of myocardial characterization not otherwise captured
by regional contractile function and nuclear scintigraphy. A high prevalence of LGE at 28% was present among diabetics
without a history of MI. This finding was associated with a >3-fold increase in cardiac events and death. Among patients
who were detected by LGE imaging to have an unrecognized MI, the reduced median event-free survival was not different
from that of a diabetic control cohort who presented with a clinical MI. Furthermore, this study demonstrated that LGE
findings provide incremental prognostic value compared with patient age, sex, ST-T changes on ECG, left ventricular
systolic function, and the validated United Kingdom Prospective Diabetes Study 5-year risk engine. In summary, LGE by
cardiac magnetic resonance imaging can detect subclinical MI and characterize a group of diabetic patients at high risk of
cardiac events and death.
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