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ABSTRACT

Prognostic Value of Late Gadolinium
Enhanced Magnetic Resonance Imaging in
Patients with and without Left Ventricular

Dysfunction Who Underwent Coronary

Artery Bypass Graft Surgery

Seung-Ah Lee

College of Medicine, Internal Medicine
The Graduate School

Seoul National University

Purpose To evaluate the long-term prognostic value of late gadolinium
enhanced (LGE) magnetic resonance imaging (MRI), based on the presence or
absence of LV dysfunction, in patients with coronary artery disease (CAD)
who undergo coronary artery bypass graft surgery (CABG).

Materials and Methods The institutional review board approved the study and
waived the need for written informed consent. One hundred forty-six
consecutive patients (age, 64 + 9 years; male, 72%) underwent cine- and
LGE-MRI before CABG. Adverse cardiac events were cardiac death, nonfatal
myocardial infarction, heart failure, and unstable angina. The Cox proportional
hazards model was used in event-free survival analysis.

Results During a median follow up of 9.4 years, 44 (30.1%) patients

experienced adverse cardiac events. In the overall study population, LGE



presence (adjusted hazard ratio [HR], 2.58; P = 0.027), score (per score;
adjusted HR, 1.06; P < 0.001) and extent (per percent; adjusted HR, 1.08; P
< 0.001) were independent predictors of adverse cardiac events. The LGE
presence (adjusted HR, 4.48; P = 0.007), score (adjusted HR, 1.14; P <
0.001), and extent (adjusted HR, 1.18; P < 0.001) were independently
associated with adverse cardiac events in patients with LVEF >50%. Only
LGE extent was an independent predictor of adverse cardiac events (adjusted
HR, 1.16; P = 0.038) in patients with LVEF <50%.

Conclusions The qualitative and quantitative analysis of myocardial scar using
LGE-MRI  provides long-term prognostic information after surgical
revascularization. The LGE extent was a strong predictor of adverse cardiac

events, independent of LV function.

Keywords: coronary artery disease, cardiac magnetic resonance, coronary

artery bypass grafting, myocardial viability
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LIST OF ABBREVIATIONS

CABG = coronary artery bypass graft surgery
CAD = coronary artery disease

CI =confidence intervals

DES = dobutamine stress echocardiography
FOV = field of view

HR = hazard ratio

LGE = late gadolinium enhancement

LV = left ventricle

LVEF = left ventricular ejection fraction

MI = myocardial infarction

MRI = magnetic resonance imaging

SPECT = single photon emission computed tomography
TR/TE = repetition time/echo time

WMA = wall motion abnormality



INTRODUCTION

Late gadolinium enhanced (LGE)-magnetic resonance imaging (MRI)
can accurately delineate irreversible myocardial injury that is associated with
adverse cardiac events such as death and recurrent myocardial infarction (MI)
(1-4). The extraordinary spatial resolution of LGE-MRI enables discriminating
between a subendocardial scar and transmural scar. This feature of LGE-MRI
is valuable because the transmural extent of myocardial injury predicts
functional recovery after coronary artery bypass graft surgery (CABG). (5, 6)
However, to date, the impact of LGE-MRI on prognosis after CABG remains
incompletely understood. A previous study (6) reported that the transmural
extent of LGE predicts improvement in regional function after CABG, but
that study did not evaluate the prognostic value of LGE-MRI after
revascularization. In a recent study, Gerber et al. (3) reported that the
detection of dysfunctional viable myocardium by LGE-MRI was an
independent predictor of mortality only in medically treated patients, but not
in revascularized patients. However, the study only included patients with
severe left ventricular (LV) dysfunction (LV ejection fraction [LVEF] <35%)
and did not provide a difference in the prognostic value of LGE-MRI, based
on LV function. In addition, survival was only compared by the presence or
absence of myocardial viability, which was defined as four or more
dysfunctional segments with the transmurality of LGE <50% during midterm
follow up. Thus, the predictive power of LGE-MRI was not comprehensively
evaluated. In the present study, we primarily aimed to evaluate the long-term
prognostic value of LGE-MRI, based on the presence or absence of LV

dysfunction in patients with coronary artery disease (CAD) who underwent



CABG. Inaddition,

presence, score, and extent,

myocardium.

we evaluated event-free

survival

according to LGE

and the presence of dysfunctional viable




MATERIALS AND METHODS

Study Population

The medical records of 220 consecutive adult patients who underwent CABG
between June 2003 and July 2005 at our institution were retrospectively
reviewed. One hundred sixty-five patients underwent cardiac MRI to evaluate
myocardial viability within 1 month before CABG. Fifty-five patients could
not undergo MRI because of acute coronary syndrome with cardiogenic shock
or acute pulmonary edema (19 patients), chronic kidney disease (21 patients),
cardiovascular implanted electronic device (1 patient), and refusal (14
patients). We excluded patients with hypertrophic cardiomyopathy (two
patients), significant valve disease (grade >2 stenosis or insufficiency [eight
patients]), or uninterpretable MRI (nine patients). The remaining 146 patients
formed the study cohort (figure 1). Before undergoing MRI, all patients gave
written informed consent. The institutional review board committee approved
this retrospective study and waived the need for additional written informed

consent.



Consecutive patients scheduled for elective
CABG between 2003-2005 (n = 220)

55 patients who did not perform the CMR due to
Chronic kidney disease (n=21)
Implantable device (n=1)
Unstable medical condition (n=19)
Patient’s refusal (n=14)

165 patients underwent
preoperative CMR

19 patients who met the exclusion criteria

« Significant valvular disease (n=8)
Hypertrophic cardiomyopathy (n=2)
Uninterpretable CMR (n=9)

146 patients with ischemic heart disease
who underwent CABG

Figure 1. Composition of the study subjects

Image Acquisition

A 1.5-T MRI system (Intera CV release 10; Philips Healthcare) with
five-channel cardiac coils was wused. All images were acquired with
electrocardiogram-gating and breath-holding. Steady-state free-precession
cine-MRI included vertical long-axis images, four-chamber view images, and
a set of short-axis images covering the entire LV (figure 2). The sequence
parameters were field of view (FOV), 350400 mm; repetition time/echo
time (TR/TE), 3.0-3.6/1.5-1.8 ms; flip angle, 60° and slice thickness, 8
mm. Fifteen minutes after administering intravenous gadodiamide (0.2
mmol/kg; Omniscan, GE Healthcare Waukesha, WI), an inversion recovery
prepared, T1-weighted, gradient-echo sequence was used for LGE-MRI in the
same planes as cine-MRI (figure 2). The LGE-MRI parameters were FOV,

350400 mm; TR/TE, 4.5-4.6/1.3-1.5 ms; flip angle, 15°; inversion time,



200-300 msec; and slice thickness, 8 mm. The inversion time was adjusted

to nullify the signal of the normal myocardium.

Figure 2. Cine- and LGE-MRI in a 58-year-old male with 3-vessel coronary

artery disease. Cine-MRIs obtained in a. diastole and b. systole demonstrates
LV ejection fraction 60%. c. and d. LGE-MRI demonstrate myocardial scar
with LGE score of 14 and LGE extent of 10%.

Image Analysis

Imaging data were analyzed using a commercial postprocessing
workstation (Mass; Medis, Leiden, the Netherlands). Endocardial and
epicardial contours were prescribed manually on short-axis cine-MRI of the
LV at end diastole and end systole to obtain the LV volumes, mass, and
LVEF. A LVEF <50% indicated LV systolic dysfunction (7). Wall motion
abnormality (WMA) on cine-MRI and LGE on contrast-enhanced MRI were
assessed in each of 16 segments using the American Heart Association model
(8) by the consensus of two observers blinded to patient history and clinical
outcome. The WMA was graded visually on a three-level Likert scale
(normal contraction = 0; hypokinesia = 1; akinesia = 2). The WMA score
was the sum of the WMA grade of each segment. For the semiquantitative

analysis of LGE, the maximal transmural extent of LGE was determined on a




five-point Likert scale (absent = 0; 1%-25% = 1; 26%-50% = 2; 51%-75%
= 3; 76%-100% = 4). The LGE score was the sum of the transmurality
scores of the 16 segments. A viable myocardium contained four or more
viable dysfunctional segments (the transmurality of LGE <50%) (3). We also
measured the LGE mass by using the full-width at half-maximum technique
(9). Summing the LGE mass of all slices yielded the total mass of LGE.
The extent of LGE was expressed as the percentage of the total LV mass.
For statistical analysis, the LGE score and extent were divided into three

categories: 0, 1-10, and >10; and 0%, 1%—10%, and >10%, respectively.

Follow-Up

Clinical information was obtained from medical records and telephone
interviews. Adverse cardiac events included (1) cardiac death, (2) progressive
heart failure requiring hospitalization, (3) new acute MI, and (4) unstable
angina requiring hospitalization. In patients experiencing more than one
adverse cardiac event, the first event was used. All deaths were classified as

cardiac or noncardiac.

Statistical Analysis

All statistical analyses were performed using SPSS version 22
software (IBM Corporation, Somers, NY, USA). Continuous variables were
expressed as the mean + standard deviation and categorical variables as the
count and percentage. Student’s ¢ test was used to test for differences in
normally distributed continuous variables. The Wilcoxon rank-sum test was

used to compare variables that were not normally distributed. Categorical



variables were compared using the chi-square test or Fisher’s exact test, as
appropriate. A two-sided value of P < 0.05 was considered statistically
significant. Kaplan—Meier curves were used to estimate the distribution of
time to adverse cardiac events, based on a LVEF of 50%, the presence of
LGE, and the presence of dysfunctional viable myocardium. Between-group
differences were evaluated with log-rank statistics. Annualized event rates
were calculated by dividing the 11-year Kaplan—-Meier event rate by 11. The
association of clinical and MRI variables with adverse cardiac events was
investigated with the Cox proportional hazard model using univariate and
multivariate procedures. The Cox model was used to estimate the risk of
given variable as expressed by hazard ratios (HR) with corresponding 95%

confidence intervals (ClIs).



RESULTS

One hundred forty-six patients (105 men; 64 + 9 years) were
available for the final analysis (Table 1). The entire study cohort’s mean
LVEF was 54% =+ 16%. Fifty-three (36%) patients had LVEF <50% and 96
(64%) patients had LVEF >50%. Ninety-three (64%) patients had LGE in the
LV myocardium. Patients with LVEF <50% were more likely to have WMA
or LGE and a history of hyperlipidemia, and had significantly greater LV
volume and mass indices. Patients with LGE were more likely to be male
and have a history of previous revascularization, and had significantly more
WMA and lower LVEF (Table 1).

At the end of follow-up (median, 9.4 years; interquartile range 8.1—
10.2 years), 44 of 146 patients had adverse cardiac events (Table 2). Eleven
patients had noncardiac deaths: malignancy (four patients); pneumonia (three
patients); septic shock (two patients); stroke (one patient); and suicide (one
patient). These patients were censored at the time of death.

Patients with LVEF <50% had a higher event rate (21 of 53
patients; annualized event rate, 4.5%), compared to patients with LVEF >50%
(23 of 96 patients; annualized event rate, 2.5%). The difference was not
statistically significant (P = 0.065). Event-free survival curves became parallel
after the first 4 years (figure 3a). Patients with LGE had a significantly
higher event rate (36 of 93 patients; annualized event rate, 3.9%) compared
to patients without LGE (8 of 53 patients; annualized event rate, 1.5%; P =
0.005). The two event-free survival curves diverged over time (figure 3b).
Patients without viable myocardium had a significantly higher event rate (8 of

16 patients; annualized event rate, 5.0%), compared to patients with viable



myocardium (36 of 130, annualized event rate 2.8%). This difference was

statistically insignificant (P = 0.072) (figure 3c).
b. LGE

o o
LGE (-) _
(n=53)
H
£ o
LGE(+) | &

(n=93)

a. LV dysfunction c. Viability

" 0
e EF 2 50% 2
a (n=93) a

Eoe Eos

: EF < 50%
5 (n=53) %

Viability (+)
(n=130)

Viability (-)
(n=16)

Log rank p = 0.065 Log rank p = 0.005 Log rank p = 0.072

‘ i 2 T I 4 } H H
Follow-up Time (Years) Follow-up Time (Years) ) Follow-up Time (Years)
.

130 116 107 95 85 34 0
% 12 11 11 9 4 0

No. at risk
EF250% 93 84 79 70 64 21 0
EF<50% 53 43 39 36 30 17 0

Figure 3. Kaplan-Meier event free survival curves for patients with and
without a. LV dysfunction, b. late gadolinium enhancement (LGE) and c.
viability

Table 3 summarizes the results of univariate analysis of clinical and
MRI variables and adverse cardiac events. In the overall study population,

previous revascularization was the only significant clinical predictor

(unadjusted HR, 2.80; 95% CI, 1.25-6.30; P = 0.013). The LVEF, WMA
score, and LGE presence, score, and extent were significant predictors of
adverse cardiac events. A 10% increase in the LVEF was associated with

20% hazard decrease (per 10%; unadjusted HR, 0.80; 95% CI, 0.68-0.95; P

0.011); however, LV dysfunction (LVEF <50%) was not significantly

adverse cardiac events Cl,

associated with (unadjusted HR, 0.98; 95%

0.96-3.02; P=0.092). The presence of LGE demonstrated an approximately

three-fold hazard increase (unadjusted HR, 2.87; 95% CI, 1.33-6.17, P =

0.007). Further hazard increase occurred in patients with a LGE score >10

(unadjusted HR, 3.70; 95% CI, 1.64-8.36; P = 0.002) and in patients with



LGE extent >10% (unadjusted HR, 4.41; 95% CI, 1.87-10.40; P = 0.001),
compared to patients without LGE. However, absence of dysfunctional viable
myocardium was not a significant predictor of adverse cardiac events
(unadjusted HR, 0.50; 95% CI, 0.23-1.08; P = 0.078).

Multivariate analysis included clinical risk factors (age, sex,
hypertension, diabetes, and previous history of revascularization), LVEF (per
10%), WMA score, and LGE (Table 4). The LGE presence (adjusted HR,
2.58; 95% CI, 1.12-5.96; P = 0.027), score (per score; adjusted HR 1.06;
95% CI, 1.03-1.10; P<0.001), and extent (per percent; adjusted HR 1.08;
95% CI, 1.04-1.12; P<0.001) were independent predictors of adverse cardiac
events; however, the LVEF (per 10%) was not independently associated with
adverse cardiac events. Stratifying the LGE score and extent by group
showed stepwise increases in hazard for adverse outcome with increasing
LGE score (0, 1-10, and >10) and with increasing LGE extent (0%, 1%—
10%, and >10%). However, the absence of dysfunctional viable myocardium
was not an independent predictor of adverse cardiac events.

We performed subgroup analysis to evaluate the predictive value of
LGE in the presence or absence of LV dysfunction (LVEF <50%). The LGE
presence was a significant predictor of adverse cardiac events only in patients
with LVEF >50% (unadjusted HR, 3.6; 95% CI, 1.34-9.73; P = 0.011), but
not in patients with LVEF <50% (unadjusted HR, 1.33; 95% CI, 0.39-4.52;
P=0.647) (Table 3). In patients with LVEF >50%, the LGE score and extent
were significant predictors of adverse cardiac events (unadjusted HR, 1.11;
95% CI, 1.04-1.19; P = 0.002, and unadjusted HR, 1.13; 95% CI, 1.04-1.22;

P = 0.003, respectively). LGE score >10 and extent >10% were associated

1 &
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with further hazard increase (unadjusted HR, 6.69; 95% CI, 2.12-21.14;
P=0.001; and unadjusted HR, 10.84; 95% CI, 2.56-4591; P = 0.001,
respectively). Absence of dysfunctional viable myocardium was associated
with hazard increase (unadjusted HR, 4.52; 95% CI, 1.52-13.42; P = 0.007).
In patients with LVEF <50%, only LGE extent were significant predictor of
adverse cardiac events (unadjusted HR, 1.06; 95% CI, 1.00-1.12; P = 0.038),
whereas LGE presence and LGE score were not. Kaplan—-Meier analysis
revealed that LGE presence was associated with worse event-free survival in
patients with LVEF >50% (P = 0.007) but not in patients with LVEF <50%
(P = 0.646). Patients with LVEF >50% and with LGE had unfavorable
event-free survival curves comparable to those of patients with LV

dysfunction (P = 0.731) (figure 4).
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Figure 4. Kaplan-Meier event free survival curves, stratified according to the
presence of late gadolinium (LGE) in patients with and without LV

dysfunction

Multivariate analysis included clinical risk factors, LVEF, WMA
score, and LGE in each group (Table 4). In patients with LVEF >50%, LGE

-1 - A 21U
11 | =5 11



presence maintained a greater than four-fold hazard increase (adjusted HR,
4.48; 95% CI, 1.51-13.27; P = 0.007), and LGE score and extent were
significantly associated with adverse cardiac events (adjusted HR, 1.14; 95%
Cl, 1.06-1.23; P < 0.001; and adjusted HR, 1.18; 95% CI, 1.08-1.29; P
<0.001, respectively). In addition, stepwise increases in hazard for adverse
outcome occurred with increasing LGE score and extent by group. However,
in patients with LVEF <50%, only LGE extent (per percent; adjusted HR,
1.16; 95% CI, 1.00-1.12; P = 0.038) remained as an independent predictor of
adverse cardiac events. Absence of dysfunctional viable myocardium was not

independently associated with adverse cardiac events in either group.
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Table 1. Baseline characteristics

LVEF LGE
Characteristics A#] f{fg)ts <50% =50% P value Presence Absence Patis
(n=53) (n=03) (n=93) (n=53)
Clinical characteristics
Age (v} 649 649 649 0.793 649 659 0333
Sex (male) 105 (72) 40 (76) 65 (70) 0.471 73 (793 32 (60) 0.019
Body mass index (kg.-"ml} 2543 253 25%3 0.830 2513 2434 0272
Hypertension 68 (47) 24 (45) 44 (47) 0.813 45 (48) 23 (43) 0.561
Diabetes mellitus 80 (33) 29 (35) 31(55) 0.98% 31 (53) 29 (35) 0.989
Hyperlipidemia 47(32) 24 (45) 23(25) 0.011 34 (37) 13(25) 0.135
Smoking 64 (44) 24 (45 40 (43) 0.790 43 (46) 21 (40) 0.439
Family history of CAD 9 (6) 24) 7(8) 0.365 6(7) 3(6) 0.064
Previous revascularization 12 (8) 5(9) 7(8) 0.687 11 (12) 1(2) 0.035
Cardiac MR imaging characteristics

LV mass index (g-"m"') 47 £17 53 £20 44 =14 0.004 4315 4520 0.125
LVEDV index (mL.-"mz) T1£31 93.+ 39 5914 <0.001 T2£25 T0=40 0.787
LVESV index fml."mz) 36 =26 60 £29 228 <0.001 38 =24 31+30 0111
LVEF (%) 54 =16 3611 648§ <0.001 50=16 6015 <0.001
LV dysfunction 53 (36) 53 (100) 0(0) = 43 (46) 10 (19) 0.001
WMA score 51x48 95147 2626 <0.001 6346 3146 <0.001
Presence of LGE 93 (64) 43 (81) 50 (54) 0.001 93 (100) 0(0) .
Absence of dvsfiunctional viable myocardium 16(11) 9(17) 7(8) 0.079 16 (17) 0(0) =<0.001
LGE score 7282 127+935 4153 <(0.001 11377 1] -
LGE extent {%a) 3364 9678 28=40 <0.001 §3=64 1] -

13- 2 A 2T




Table 2. Adverse cardiac events

LVEF LGE
Clinical out All patients Log-Rank Log-rank
nical outcomes (n=146) <50% =50% p value Presence Absence P value
(n=353) (n=93) (n=93) (n=53)

All cardiac events 44 (30) 21 (40) 23 (25) 0.065 36 (39) 8 (15) 0.005
Cardiac death 22 (15) 12 (23) 10 (11) 0.045 19 (20) 3(6) 0.025
Heart failure 14 (10) 8 (15) 6(6) 0.068 13 (14) 1(2) 0.019
New acute MI 8(5) 4(7 44 0.384 6(7) 24 0.505
Unstable angina 18 (12) 5(9) 13 (14) 0.492 14 (15) 4(8) 0.168

A £
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Table 3. Univariate analysis of factors associated with adverse cardiac events

All patients LVEF <50% LVEF >50%
(n=146) (n=153) (n=93)
HR (95% CI) P value HR (95% CT) P value HR (95% CI) P value
Clinical characteristics
Age (per10y) 0.96 (0.68-1.36) 0.820 0.97 (0.58-1.70) 0.920 0.94 (0.59-1.50) 0.803
Sex (male) 1.55 (0.77-3.15) 0.221 1.01 (0.49-3.04) 0.981 1.81 (0.67-4.87) 0.242
Hypertension 1.80 (0.99-3.29) 0.055 1.65 (0.70-3.94) 0.255 1.91 (0.82-4.40) 0.132
Hyperlipidemia 1.67 (0.94-3.09) 0.082 1.09 (0.46-2.38) 0.845 2.10 (0.91-4.85) 0.084
Diabetes 1.38 (0.75-2.54) 0.297 1.79 (0.72-4.45) 0.208 1.13 (0.50-2.59) 0.768
Previous revascularization 2.80 (1.25-6.30) 0.013 1.76 (0.52-5.98) 0.368 3.93 (1.33-11.61) 0.013
Cardiac MRIimaging characteristics
LV mass index (per 10 g/m?) 1.08 (0.90-1.29) 0.400 0.84 (0.65-1.09) 0.184 1.37 (1.07-1.77) 0.013
LVEDV index (per 10 mL/m?) 1.03 (0.93-1.15) 0.585 0.93 (0.80-1.09) 0.361 1.11 (0.84-1.48) 0.466
LVESV index (per 10 mL/m?) 1.08 (0.97-1.19) 0.178 0.96 (0.81-1.14) 0.659 1.43 (0.89-2.29) 0.135
LVEF (per 10%) 0.80 (0.68-0.95) 0.011 0.86 (0.59-1.24) 0.410 0.64 (0.37-1.12) 0.116
LVEF <50% 1.74 (0.96-3.14) 0.068
MWA score 1.06 (1.02-1.09) 0.002 1.04 (0.98-1.10) 0.221 1.15 (1.04-1.27) 0.005
Presence of LGE 2.87 (1.33-6.17) 0.007 1.33 (0.39-4.52) 0.647 3.61 (1.34-9.73) 0.011
Absence of dysfunctional viable
myoeandinm 1.99 (0.93-4.29) 0.078 0.91 (0.31-2.71) 0.863 4.52 (1.52-13.42) 0.007
LGE score (per score) 1.06 (1.03-1.09) <0.001 1.03 (0.99-1.09) 0.176 1.11 (1.04-1.19) 0.002
LGE score, 0 1.0 - 1.0 - 1.0 -
1-10 2.18 (0.92-4.42) 0.076 1.14 (0.25-5.09) 0.866 2.79 (0.97-8.04) 0.058
>10 3.70 (1.64-8.36) 0.002 1.40 (0.40-4.87) 0.599 6.69 (2.12-21.14) 0.001
LGE extent (per %) 1.08 (1.04-1.12) <0.001 1.06 (1.00-1.12) 0.038 1.13 (1.04-1.22) 0.003
LGE extent, 0% 1.0 - 1.0 - 1.0 -
1%—-10% 2.30 (1.02-5.19) 0.046 0.93 (0.23-3.74) 0.934 3.19 (1.16-8.79) 0.025
>10% 4.41 (1.87-10.40) 0.001 1.69 (0.48-5.99) 0.417 10.84 (2.56-45.91) 0.001

_15_
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Table 4. Multivariate analysis of factors associated with adverse cardiac events

All patients LVEF <50% LVEF =50%
(n =146) (n=53) (n=93)
HR (95% CI) Pvalue HR (95% CI) Pvalue HR (95% CI) Pvalue
Clinical RFs, LVEF, WMA score, and presence of LGE
WMA score 1.04 (1.01-1.08) 0.027 - - - -
Presence of LGE 2.58(1.12-5.96) 0.027 - - 448 (1.51-13.27) 0.007
Clinical RFs, LVEF, WMA score, and absence of dysfunctional viable myocardium
WMA score 1.05 (1.02-1.09) 0.002 - - 1.14 (1.03-1.26) 0.012
Hypertension 1.91 (1.04-3.50) 0.037 - -
Previous revascularization 2.44 (1.08-5.50) 0.032 - - 3.00 (1.00-9.01) 0.051
Clinical RFs, LVEF, WMA score, and LGE score
Hypertension - - - - 2.42 (0.99-5.89) 0.052
LGE score, per score 1.06 (1.03-1.10) <0.001 - - 1.14 (1.06-1.23) <0.001
Clinical RFs, LVEF, WMA score, and group of LGE scores
Hypertension 1.86(1.08-3.42) 0.048 - - - -
Previous revascularization 2.47 (1.09-5.59) 0.030 - - - -
WMA score 1.05 (1.02-1.09) 0.002 - - - -
LGE score. 0 1 : - - 1 -
1-10 247 (1.01-6.06) 0.049 - - 3.46 (1.10-10.90) 0.340
=10 4.19(1.78-9.87) 0.001 - - 8.30(2.42-28.45) 0.001
Clinical RFs, LVEF, WMA score, and LGE extent
Diabetes - - 3.00(1.10-8.17) 0.031 - -
Hypertension 1.86 (1.01-3.42) 0.047 - - 2.65 (1.05-6.70) 0.040
Previous revascularization 2.28(1.01-5.16) 0.047 - - - -
LGE extent (per %) 1.08 (1.04-1.12) <0.001 1.09 (1.03-1.15) 0.005 1.18 (1.08-1.29) <0.001
Clinical RFs, LVEF, WMA score, and group of LGE extent
Hypertension - - - - 2.69 (1.04-7.00) 0.042
LGE extent. 0% 1 - - - 1 -
1%-10% 2.60(1.11-6.12) 0.029 - - 4.20 (1.39-12.70) 0.011
>10% 4.99 (2.03-12.26) <0.001 - - 24.23 (4.64-126.55) <0.001




DISCUSSION

The present study demonstrated (1) LGE presence, score, and extent
—rather than the absence of dysfunctional viable myocardium—were
significant independent predictors of adverse cardiac events in patients who
undergo CABG; (2) the prognostic power of LGE was alleviated in patients
with LV dysfunction; and (3) LGE extent was a strong independent predictor
of adverse cardiac events, regardless of LV systolic function.

The LGE presence had a significant prognostic value over clinical
risk factors for adverse cardiac events (10-12). In a meta-analysis (4), the
presence and extent of a myocardial scar evaluated by LGE-MRI was an
independent predictor of adverse cardiac events in patients with suspected or
known CAD. However, sparse data exist on the impact of LGE-MRI on
long-term prognosis after CABG. We found that LGE presence, score, and
extent were significant predictors of adverse cardiac events after CABG—
independent of clinical risk factors, WMA score, and LVEF—during a median
9.4-year follow-up period.

In clinical practice, LGE-MRI is important for risk stratification and
for treatment decisions because transmural scar extent detected by LGE-MRI
allows the prediction of LV functional recovery after revascularization (5).
Viable myocardium may improve outcome and LV function after
revascularization. Identifying viable myocardium by single-photon-emission
computed tomography (SPECT), positron emission tomography, and low-dose
dobutamine stress echocardiography (DSE) predicts improved survival after
CABG (13). However, the multicenter Surgical Treatment for Ischemic Heart

Failure (STICH) trial (14), which prospectively and randomly assigned
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patients to receive medical therapy alone or medical therapy plus CABG,
demonstrated that viable myocardium detected by SPECT or DSE was not
independently associated with a greater likelihood of survival. No significant
interaction existed between viability status and treatment assignment for
mortality and adverse cardiovascular events. The investigators posed an
important limitation of the study, which defined viability by combining
SPECT and DSE because of the fundamental differences between the two
modalities. Gerber et al. (3) evaluated the impact of myocardial viability
assessment by LGE-MRI and revascularization therapy on survival in patients
with ischemic heart failure. They found that revascularization therapy
improved survival in patients with dysfunctional viable myocardium. However,
in contrast to previous expectations, survival in the revascularized subgroup
was similar, regardless of whether the myocardium was viable. Because both
studies exclusively enrolled patients with severe LV systolic dysfunction
(LVEF <35%), we hypothesized that the impact of LGE-MRI on prognosis
after revascularization would be alleviated if LV systolic dysfunction were
present. Thus, we performed a subgroup analysis based on the presence of
LV systolic dysfunction (LVEF <50%), and found that the prognostic power
of LGE was alleviated in patients with LV dysfunction. We could not divide
our cohort by LVEF of 35% because of the small number of patients with
severe LV systolic dysfunction; however, we demonstrated that the absence of
dysfunctional viable myocardium and LGE presence and score were
significantly associated with adverse cardiac events only in patients with
LVEF >50% (Table 3). This result suggests that outcome was not worse

when LGE was present in patients with LV dysfunction (LVEF <50%), who
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already had increased risk in this study population. However, the finding does
not indicate that LGE-MRI is useless for patients with LV dysfunction who
undergo CABG because LGE extent is a strong independent predictor of
adverse cardiac events in patients with and without LV dysfunction.

We also evaluated whether the presence or absence of dysfunctional
viable myocardium evaluated by LGE-MRI was associated with the outcome
after CABG (3). In concordance with previous research (3), the absence of
dysfunctional viable myocardium was not independently associated with an
adverse outcome after revascularization in patients with a low LVEF.
Although there was an association with adverse cardiac events in patients
with LVEF >50%, but statistical significance was not maintained when
adjusting for clinical risk factors, LVEF, and WMA score. The finding
suggests that a parameter based on scar burden rather than transmural extent
was a valuable predictor for adverse cardiac outcome. In our study
population, a LGE score based on the transmural extent also failed to
independently predict adverse outcome in patients with LVEF <50%, whereas
LGE extent was an independent predictor in patients with LVEF <50% and
LVEF >50%. Further studies are required to confirm our findings.

This study had several limitations. First, our single-center study was
limited by the relatively small number of patients, which affects the precision
and statistical power of our analyses. Our study population was small;
therefore, we could not evaluate the prognostic value of LGE-MRI in patients
with severe LV systolic dysfunction (LVEF <35%), as in previous studies (3).
The results need to be confirmed in a larger patient population. To our

knowledge, this is the first study to evaluate the long-term prognostic value
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of various parameters from LGE-MRI exclusively in patients who underwent
CABG. We demonstrated that the prognostic power of LGE was alleviated in
patients with LV dysfunction with LVEF <50%. Second, this study had the
limitations inherent to retrospective analysis. After the cardiac MRI results
were available, subsequent treatments were at the discretion of the treating
physician. In addition, selection bias may limit the generalizability of our
results. With such limitations being inevitable in an observational study, the
current results do not allow determining whether the physicians’ knowledge of
cardiac MRI results may have influenced the prognostic association of LGE

to adverse cardiac events.

In conclusion, LGE-MRI can provide long-term prognostic
information in patients who undergo CABG. The prognostic power of LGE
was alleviated in patients with LV dysfunction, although LGE extent remains
a strong independent predictor of adverse cardiac events, regardless of LV
function. Our findings suggest that LGE-MRI, which has superior spatial and
contrast resolution over other currently available noninvasive imaging tests,

may improve the risk stratification of CAD patients who undergo CABG.
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