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ONISCHEMIC DILATED CARDI-
omyopathy is a common
heart muscle disease with a
prevalence of at least 1 in
2500 adults." It is characterized by left
ventricular cavity enlargement and im-
paired contractility in the absence of sig-
nificant coronary artery disease.' The
condition is associated with signifi-
cant morbidity and mortality due to
progressive heart failure (HF) and sud-
den cardiac death (SCD).? Despite
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Importance Risk stratification of patients with nonischemic dilated cardiomyo-
pathy is primarily based on left ventricular ejection fraction (LVEF). Superior prognos-
tic factors may improve patient selection forimplantable cardioverter-defibrillators (ICDs)
and other management decisions.

Objective To determine whether myocardial fibrosis (detected by late gadolinium
enhancement cardiovascular magnetic resonance [LGE-CMR] imaging) is an indepen-
dent and incremental predictor of mortality and sudden cardiac death (SCD) in dilated
cardiomyopathy.

Design, Setting, and Patients Prospective, longitudinal study of 472 patients with
dilated cardiomyopathy referred to a UK center for CMR imaging between Novem-
ber 2000 and December 2008 after presence and extent of midwall replacement fi-
brosis were determined. Patients were followed up through December 2011.

Main Outcome Measures Primary end point was all-cause mortality. Secondary
end points included cardiovascular mortality or cardiac transplantation; an arrhythmic
composite of SCD or aborted SCD (appropriate ICD shock, nonfatal ventricular fibril-
lation, or sustained ventricular tachycardia); and a composite of HF death, HF hospi-
talization, or cardiac transplantation.

Results Among the 142 patients with midwall fibrosis, there were 38 deaths (26.8%)
vs 35 deaths (10.6%) among the 330 patients without fibrosis (hazard ratio [HR], 2.96
[95% Cl, 1.87-4.69]; absolute risk difference, 16.2% [95% Cl, 8.2%-24.2%]; P<.001)
during a median follow-up of 5.3 years (2557 patient-years of follow-up). The ar-
rhythmic composite was reached by 42 patients with fibrosis (29.6%) and 23 patients
without fibrosis (7.0%) (HR, 5.24 [95% Cl, 3.15-8.72]; absolute risk difference, 22.6%
[95% ClI, 14.6%-30.6%]; P<.001). After adjustment for LVEF and other conven-
tional prognostic factors, both the presence of fibrosis (HR, 2.43 [95% ClI, 1.50-
3.92]; P<.001) and the extent (HR, 1.11 [95% ClI, 1.06-1.16]; P<.001) were inde-
pendently and incrementally associated with all-cause mortality. Fibrosis was also
independently associated with cardiovascular mortality or cardiac transplantation (by
fibrosis presence: HR, 3.22 [95% Cl, 1.95-5.31], P<<.001; and by fibrosis extent: HR,
1.15[95% ClI, 1.10-1.20], P<.001), SCD or aborted SCD (by fibrosis presence: HR,
4.61[95% Cl, 2.75-7.74], P<.001; and by fibrosis extent: HR, 1.10 [95% ClI, 1.05-
1.16], P<.001), and the HF composite (by fibrosis presence: HR, 1.62 [95% ClI, 1.00-
2.61], P=.049; and by fibrosis extent: HR, 1.08 [95% ClI, 1.04-1.13], P<.001). Ad-
dition of fibrosis to LVEF significantly improved risk reclassification for all-cause mortality
and the SCD composite (net reclassification improvement: 0.26 [95% Cl, 0.11-0.41],
P=.001 and 0.29 [95% ClI, 0.11-0.48]; P=.002, respectively).

Conclusions and Relevance Assessment of midwall fibrosis with LGE-CMR imaging
provided independent prognostic information beyond LVEF in patients with nonisch-
emic dilated cardiomyopathy. The role of LGE-CMR in the risk stratification of dilated
cardiomyopathy requires further investigation.
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therapeutic advances, 5-year mortal-
ity remains as high as 20%.* Risk strati-
fication in dilated cardiomyopathy
therefore constitutes a crucial part of
patient management with implica-
tions for surveillance, treatment, and
outcome. Currently, risk stratification
is heavily dependent on the assess-
ment of left ventricular ejection frac-
tion (LVEF), as exemplified by its use
as the key determinant of device im-
plantation.> Although LVEF is an im-
portant prognostic factor in dilated
cardiomyopathy,*’ effective risk strati-
fication remains challenging, particu-
larly with respect to SCD.*’ Most pa-
tients who experience SCD do not have
severely reduced LVEF, and many pa-
tients with significant impairment of
LVEF may still be at low risk for SCD."®
Identification of better independent
prognostic factors is necessary to en-
able clinicians to more accurately
stratify risk in patients with dilated car-
diomyopathy and tailor management
accordingly.

Attention has recently focused on
whether detection of myocardial re-
placement fibrosis may assist with risk
stratification in dilated cardiomyo-
pathy. Fibrosis is associated with con-
tractile impairment,®!'° and provides a
substrate for ventricular reentrant ar-
rhythmia.'"** Late gadolinium enhance-
ment cardiovascular magnetic reso-
nance (LGE-CMR) imaging enables
identification and quantification of
myocardial replacement fibrosis in
vivo."*'* Approximately 30% of pa-
tients with dilated cardiomyopathy have
a characteristic midwall pattern of re-
placement fibrosis on LGE-CMR.*> Al-
though several studies have suggested
that midwall fibrosis may predict ad-
verse outcomes in patients with di-
lated cardiomyopathy,'®" the true prog-
nostic value of midwall fibrosis with
respect to mortality and SCD is un-
known. Therefore, we prospectively
evaluated whether midwall fibrosis pre-
dicts mortality, independently of LVEF
and other established prognostic fac-
tors, in a large cohort of consecutive pa-
tients with dilated cardiomyopathy dur-
ing a long follow-up period. Second, we
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assessed if midwall fibrosis was an in-
dependent predictor of SCD risk and
major HF events.

METHODS

Patients

We performed a prospective, longitu-
dinal study of the prognostic value of
midwall fibrosis in a cohort of consecu-
tive patients with dilated cardiomyo-
pathy who were referred to the Royal
Brompton Hospital in London, En-
gland, for CMR between November
2000 and December 2008. Eligible pa-
tients had a diagnosis of dilated cardi-
omyopathy, in accordance with the cri-
teria of the World Health Organization/
International Society and Federation of
Cardiology,” of at least 6 months’ du-
ration. Prior to inclusion, the diagno-
sis of dilated cardiomyopathy was
confirmed by CMR on the basis of
(1) increased left ventricular end-
diastolic volume indexed to body sur-
face area and reduced LVEF com-
pared with published reference ranges
normalized for age and sex*; and (2)
absence of subendocardial LGE indica-
tive of previous myocardial infarc-
tion." All patients provided written in-
formed consent. The study was
approved by the Royal Brompton Hos-
pital ethics committee.

CMR Image Acquisition

Cardiovascular magnetic resonance
imaging was performed using a 1.5-T
scanner (Siemens Sonata/Avanto) and
a standardized protocol. Cine images
were acquired with a steady-state,
free-precession sequence in long-axis
planes and contiguous short-axis slices
from the atrioventricular ring to the
apex as previously described.”! Ten min-
utes after intravenous injection of
0.1 mmol/kg of gadolinium - contrast
agent (gadopentetate dimeglumine or
gadobutrol, Schering), LGE images were
obtained using an inversion-recovery
gradient echo sequence in identical
long-axis and short-axis planes. Inver-
sion times were optimized to null nor-
mal myocardium, and images were
repeated in 2 separate phase-encoding
directions to exclude artifacts.'
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Image Analysis

Left ventricular volumes, ejection frac-
tion, and mass were measured using
dedicated software (CMRtools, Cardio-
vascular Imaging Solutions).? Left ven-
tricular volumes and mass were
indexed to body surface area. The pres-
ence and location of midwall fibrosis
were assessed by 2 independent ex-
pert readers (E.D.P. and M.R.D.) who
were blinded to all clinical data. Mid-
wall fibrosis was only considered
present if the area of enhancement was
confined to intramural and/or subepi-
cardial layers,? visible in both phase-
encoding directions and in 2 orthogo-
nal views. A third blinded reader (F.A.)
adjudicated in cases in which there was
disagreement (n=10). The extent of
midwall fibrosis was quantified by a
single experienced operator as a per-
centage of left ventricular mass using
the full-width half-maximum tech-
nique and semiautomated software
(CMR42, Circle Cardiovascular
Imaging Inc).?

Follow-up and End Points

Follow-up was performed until Decem-
ber 2011. All events were adjudicated
by the consensus of an independent
committee blinded to the CMR re-
sults. Mortality status was verified from
the UK National Strategic Tracing Ser-
vice at 6 monthly intervals. Cause of
death was established from a combina-
tion of death certification, postmor-
tem data when available, communica-
tion with the patients’ primary care
physicians and cardiologists, and re-
view of medical records for patients who
died while hospitalized.

All patients were followed up for
nonfatal events by telephone, postal
questionnaire, or both at 6-month in-
tervals. The patients’ primary care phy-
sician and cardiologist were contacted
every 6 months to facilitate review of
all correspondence documenting out-
patient clinic attendance or hospital-
ization during the follow-up period.
After hospitalization, the medical rec-
ords were examined to document the
reason for admission and inpatient
course. There were 17 patients lost to
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follow-up and therefore not included
in the analyses.

The predefined primary end point
was all-cause mortality. The principal
secondary end point was a composite
of cardiovascular mortality (SCD, HF,
stroke, or thromboembolic event) or
cardiac transplantation. Two addi-
tional secondary end points were pre-
specified: an arrhythmic composite end
point of SCD or aborted SCD and a HF
composite end point of HF death, un-
planned HF hospitalization, or car-
diac transplantation. Mode of death was
classified according to a modified
Hinkle-Thaler system.** Sudden car-

diac death was defined as unexpected
death either within 1 hour of cardiac
symptoms in the absence of progres-
sive cardiac deterioration, during sleep,
or within 24 hours of last being seen
alive. Heart failure death was defined
as death associated with unstable, pro-
gressive deterioration of pump func-
tion despite active therapy. Aborted
SCD was diagnosed in patients who re-
ceived an appropriate implantable car-
dioverter-defibrillator (ICD) shock for
ventricular arrhythmia, or had a non-
fatal episode of ventricular fibrillation
or spontaneous sustained ventricular
tachycardia (>30 seconds in dura-

Figure 1. Derivation of the Study Cohort

736 Patients assessed for eligibility

87 Excluded?®

18 Significant coronary artery disease

15 Hypertensive heart disease

11 Contraindications to gadolinium contrast
8 Athletic heart
7 Recent myocarditis
6 Arrhythmogenic right ventricular cardiomyopathy
6 Myocardial noncompaction
5 Tachycardia-induced cardiomyopathy
4 Hypertrophic cardiomyopathy
4 Significant primary valvular disease
2 Congenital heart disease
1 Infiltrative cardiomyopathy

resonance diagnostic criteria

649 Assessed for cardiovascular magnetic

160 Excluded (did not meet diagnostic criteria
for dilated cardiomyopathy)
62 Normal left ventricular end-diastolic
volume (LVEDV) index and reduced
left ventricular ejection fraction (LVEF)

57 Increased LVEDV index and normal LVEF
24 Normal LVEDV index and normal LVEF
17 Subendocardial late gadolinium enhancement

489 Met enrollment criteria

17 Lost to follow-up
14 Moved abroad
3 Withdrew consent

included in the main outcome analysis

472 Consecutive patients with dilated cardiomyopathy

aSignificant coronary artery disease was defined as >50% luminal stenosis in any epicardial coronary artery
on angiography. Athletic heart was defined as left ventricular dilatation with preserved/mildly reduced ejec-
tion fraction and high stroke volume, on a background of regular organized endurance training, with raised
maximal oxygen uptake on cardiopulmonary exercise testing. Significant primary valvular disease was defined
as moderate or higher valvular stenosis/regurgitation, with the exception of functional mitral regurgitation.
Functional mitral regurgitation was defined as mitral regurgitation secondary to left ventricular remodeling
resulting in failure of leaflet coadaptation, in the setting of normal mitral valve anatomy, on echocardiography

and cardiovascular magnetic resonance imaging.
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tion) causing hemodynamic compro-
mise and requiring cardioversion. Heart
failure hospitalization was catego-
rized in patients admitted to the hos-
pital with signs and symptoms of de-
compensated HF requiring treatment
with an intravenous HF medication (di-
uretics, vasodilators, or inotropic
agents). Patient data were censored at
the time of any cardiac transplanta-
tion. For composite end points, only the
first event for each patient was in-
cluded in the analysis.

Statistical Analysis

Baseline characteristics, available for all
participants, grouped by the dichoto-
mous presence or absence of midwall
fibrosis, are presented as frequency
(percentage) for categorical data and
mean (standard deviation) for continu-
ous data unless otherwise stated. Com-
parison between groups was made using
the x* or Fisher exact tests for categori-
cal variables and unpaired ¢ tests for
continuous variables. Survival curves
were generated by the Kaplan-Meier
method and compared by the log-
rank test. Event times were measured
from the date of CMR study. A univari-
ate Cox proportional hazards model
was used to test the association be-
tween the end points and baseline co-
variates, with results presented as haz-
ard ratios (HRs) with 95% confidence
intervals. To determine whether mid-
wall fibrosis was independently asso-
ciated with outcome, multivariable
analysis was performed with a forward-
selection modeling process.

For each end point, 2 multivariate
models were constructed based on in-
clusion of midwall fibrosis as a categori-
cal (presence or absence) or continu-
ous (percentage extent) variable. The
proportional hazards assumption was
tested and verified for each covariate. The
predicted risk of each end point at 5 years
was estimated from a Cox proportional
hazards model that contained LVEF
alone or LVEF combined with the pres-
ence or absence of midwall fibrosis. This
was derived by first running a Cox model
to obtain the baseline survival function
at 5 years expressed as SO(5). A risk score

©2013 American Medical Association. All rights reserved.



for each value of LVEF, with or without
midwall fibrosis, was calculated by mul-
tiplying the observed value for the model
parameter by its corresponding coeffi-
cient from the Cox model. The esti-
mated probability of observing an event
at 5 years was then calculated using the
formula: P(5)=1-S0(5) X exp(risk
score).

Reclassification of patient risk was
determined using net reclassification
improvement for all-cause mortality and
the arrhythmic composite end point.”
For each patient, the predicted overall

FIBROSIS AND PROGNOSIS IN DILATED CARDIOMYOPATHY

disease. Patients were prospectively fol-
lowed up for a median duration of 5.3
years (range, 31 days to 11.0 years), rep-
resenting 2557 patient-years of follow-
up. Midwall fibrosis was present in 142
patients (30%). The median extent of
midwall fibrosis was 2.5% (interquar-
tile range, 1.2%-4.8%; range, 0.4%-
24.4%). Patients with midwall fibrosis

were more likely to be male, have a his-
tory of malignant ventricular arrhyth-
mia, have lower systolic and diastolic
blood pressure levels, and have more
symptomatic HF coupled with higher
loop diuretic and aldosterone antago-
nist treatment rates compared with pa-
tients without midwall fibrosis
(TABLE 1). The CMR measurements re-

Table 1. Baseline Characteristics

Presence of
Midwall Fibrosis
[ 1

risk of an adverse event was deter- All Patients No Yes P
mined on the basis of a model using (N=472)  (n=330) (n=142)  Value®
LVEF alone, and the relative improve- ~ Agé. mean (SD), y 5110147 512(150 50.9(14.1) 84
ment in patient reclassification associ- ~ Male sex, No. (%) 824 (68.6) 214(64.9 110(77.5 007
ated with midwall fibrosis status (pres- ~ Diabetes, No. (%) 5(7.4) 27 (8.2) 8(5.6 33
ence or absence) was then assessed. For Smo.ker, NO' (%) (19 9 65(19.7)  29(204) 86
all—cagse mor.tality, reclassification was Me?}?aé?fﬁzginﬁﬁ'#) 569 163 409 004
examined using the thresholds of 0%- Atrial fiorillation 82 (17.4) 59 (17.9) 3(16.2) 56
5%, 5%-10%, 10%-20% and 20% or  aooro o o9 iz _teren o
greater to stratify level of risk. For the Family history of DGM, No. (%) 6(7.0 16.4) 5(106) 12
arrhythmic composite end point, arisk  {ieat rate, mean (SD), beats/min 744 (14 7) 740 (1 42) 753(157) 35
threshold of 15% was used to stratify 5504 pressure, mean (SD), mm Hg
patients into high- and low-risk Systolic 120.1(18.7) 122.2(18.9) 115.1(17.8)  <.001
Ca[egories, Diastolic 72.8 (11.2) 73.7(11.2) 70.8(10.8) .009

All statistical analyses were con- Left bundle-branch block, No. (%) 129 (27.3) 86 (26.1) 43 (30.3) .35
ducted using Stata version 12 (Stata-  NYHA functional class, No. (%)
Corp). A 2-tailed P value of less than | 194[41.1) 148(449)  46(824)
.05 was considered significant. For the ::I g (zg'?) 123 (?3:) 22 (22 g) 03
comparison of those with vs those with- v 5 21 é) ) 5 21 5’) ) . EQ ) )
out midwall fibrosis, there was 90% — . : :

RS . Medications at baseline, No. (%)
power to detect a significant differ- AGE inhibitor or ARB 427/(90.5) 293 (88.8) 134 (94.4) 06
ence in mortality. B-Blocker 322 (682) 223(67.6) 99 (69.7) 65
RESULTS Loop diuretic | 243 (51.5) 145 (43.9) (69.0) <.001
Aldosterone antagonist 150 (31.8) 93 (28.2) 7 (40.1) .01

Study Population Aspirin 148 (31.4) 103 (31.2) (31.7) 92
A total of 489 patients met the enrol- Warfarin 130 (27.5) 90 (27.3) 40 (28.2) 84
ment criteria (FIGURE 1). Seventeen pa- Statin 128 (27 1) 95 (28.8) 33(23.2) 21
tients (3.5%) were lost to follow-up, re- Digoxin 7 (16.3) 48 (14.6) 9 (20.4) 1
sulting in a final cohort of 472 patients. Amiodarone 6 (7.6) 21 (6.4) 5(10.6) 12
Of these 472 patients, 101 patients were  Cardiovascular magnetic resonance
included in an earlier m‘_'eS“g_auon’m W r:r:?i?git:étgﬁ:a%ﬁ?e index, 1351 (44.3) 128.9(39.1) 149.7 (51.7)  <.001
and are reported herein with ex- mL/m?
tended follow-up. The mean (SD) LVEF LV end-systolic volume index, mL/m?2 88.6 (45.6)  81.7 (40.6) 104.7 (52.3) <.001
was 37% (13%) (range: 10%-59%). Sig- LV stroke volume, mL 92.1(28.4) 93.3(27.5 89.3(30.3) 16
nificant coronary artery disease was ex- LV ejection fraction, % 37.2(13.1)  39.1(12.5) 32.8(13.4) <.001
cluded by angiography in 348 patients LV mass index, g/m? 101.3(29.8)  99.3(30.0) 106.1 (28.8) .02
(74%) and stress imaging studies in 52 Extent of late gadolinium enhancement, 5(1.2-4.8)

median (IQR), %

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; DCM, dilated cardiomyo-
pathy; LV, left ventricular; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.

aCalculated using either the t test for continuous variables or x? test for categorical data.

P Defined as consistent intake of 4 or more units/d for men and 3 or more units/d for women.?

patients (11%). The remaining 72 pa-
tients (15%) were aged 40 years or
younger, had no history of angina, and
1 or O risk factors for coronary artery
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vealed more severe left ventricular ad-
verse remodeling in the group with
midwall fibrosis, as evidenced by higher
left ventricular end-diastolic and end-
systolic volumes indexed and lower
ejection fraction.

Histological Correlation

In 7 patients with midwall fibrosis, the
hearts were explanted following death
(n=3) or cardiac transplantation (n=4)

and underwent detailed histopathologi-
cal examination (eMethods at http:
/fwww jama.com). In all cases, there was
excellent agreement between the loca-
tion and pattern of midwall fibrosis from
the in vivo CMR scan and regions of re-
placement fibrosis seen in the ex-
planted hearts (FIGURE 2). The hearts of
9 patients with no midwall fibrosis on
CMR, who either died (n=7) or under-
went transplantation (n=2), were also

reviewed. Histopathological assess-
ment of these specimens revealed no
areas of replacement fibrosis (Figure 2).

Primary End Point:

All-Cause Mortality

During the follow-up period, 73 deaths
were recorded. Overall, 38 of 142 pa-
tients with midwall fibrosis (26.8%)
reached the primary end point com-
pared with 35 of 330 patients without

Figure 2. A Patient With Midwall Fibrosis Who Experienced Sudden Cardiac Death and a Patient Without Midwall Fibrosis Who Underwent

Cardiac Transplantation

Premortem in vivo late gadolinium enhancement
cardiovascular magnetic resonance imaging

Patient with midwall fibrosis

Patient without midwall fibrosis

Picrosirius red staining

AREA OF
DETAIL

AREA OF
DETAIL

*k’* i

A, Premortem late gadolinium enhancement cardiovascular magnetic resonance (LGE-CMR) demonstrated a near-circumferential pattern of midwall LGE (yellow arrow) in
the anterior, septal, inferior, and inferolateral segments at midventricular level. B, Picrosirius red staining in the corresponding postmortem macroscopic short-axis section
revealed a prominent linear band of collagen (blue arrows), which mirrored the distribution of LGE on CMR. C, Microscopic examination confirmed the presence of extensive
replacement fibrosis (blue arrows) in an area of staining seen on the macroscopic section (area of detail in part B); magnification X 300. D, On LGE-CMR performed prior to
cardiac transplantation, there were no areas of LGE. E, Following explantation, macroscopic assessment revealed no detectable regions of collagen with Picrosirius red stain.
F, Microscopic section from the septal midwall (area of detail in part E) showed small amounts of perivascular fibrosis (blue arrow) but no replacement fibrosis; magnifica-
tion X 300. The macroscopic images (B and E) were recomposited from 156 overlapping digital images taken at X 100 magnification with an Olympus digital microscope
camera. The image was composited using Microsoft Image Composite Editor (version 1.4.4.0) and Microsoft Office Publisher 2007.
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midwall fibrosis (10.6%) (HR, 2.96 [95%
CI, 1.87-4.69]; absolute risk difference,
16.2% [95% CI, 8.2%-24.2%]; P<.001,
FIGURE 3A and TABLE 2). After multi-
variable Cox regression analysis, both
the presence (HR, 2.43 [95% CI, 1.50-
3.92]; P<.001) and percentage ex-
tent (HR, 1.11 [95% CI, 1.06-1.16];
P<<.001) of midwall fibrosis were sig-
nificant independent predictors of all-
cause mortality (TABLE 3). Other covar-
iates that were found to be independently
associated with all-cause mortality in the
multivariable models were LVEF, age,
heart rate, New York Heart Associa-
tion functional class, and systolic blood
pressure.

Cardiovascular Mortality

or Cardiac Transplantation

Of the 73 deaths, the principal cause was
cardiovascular in 58 patients (79%).
These deaths included 26 SCDs, 30 HF

FIBROSIS AND PROGNOSIS IN DILATED CARDIOMYOPATHY

deaths, and 2 deaths due to stroke and
pulmonary embolism (other cardiovas-
cular death). Orthotopic cardiac trans-
plantation was performed in 9 patients
(1.9%) for end-stage HF. The presence
of midwall fibrosis was associated with
a markedly higher risk of the second-
ary composite of cardiovascular mor-
tality or cardiac transplantation (28.9%
vs 7.9%; HR, 4.11 [95% CI, 2.51-6.72];
absolute risk difference, 21.0% [95% CI,
13.0%-29.0%]; P<<.001, Figure 3B).
This association was unchanged follow-
ing adjustment for other significant prog-
nostic variables (by fibrosis presence:
HR, 3.22 [95% CI, 1.95-5.31]; P<<.001,
TABLE 4). Similarly, midwall fibrosis re-
mained significantly associated with the
principal secondary outcome when fi-
brosis extent was substituted for fibro-
sis presence in the multivariable model
(HR, 1.15[95% CI, 1.10-1.20], P<.001,
Table 4).

Arrhythmic and HF Secondary

End Points

A total of 144 patients (30%) were
treated with device implantation dur-
ing the follow-up period, of which 51
(35%) received an ICD, 34 (24%)
received cardiac resynchronization
therapy (CRT) alone, and 59 (41%)
received CRT combined with a defib-
rillator (Table 2). Patients with mid-
wall fibrosis had higher implantation
rates of ICD (HR, 3.80 [95% CI,
2.17-6.64]; P<.001) and CRT com-
bined with a defibrillator (HR, 2.40
[95% CI, 1.44-4.01]; P=.001). There
was no significant difference in CRT
alone implantation rates between the
2 midwall fibrosis groups (HR, 1.03
[95% CI, 0.49-2.16]; P=.93).

The arrhythmic composite end point
occurred in 65 patients (14%). Uni-
variate analysis revealed that patients
with midwall fibrosis were more than

Figure 3. Kaplan-Meier Estimates of the Time to Events by Midwall Fibrosis Status

All-cause mortality

Cardiovascular mortality or transplantation

No fibrosis

Fibrosis

Log-rank P <.001

100 100+
No fibrosis
®
754 = 75
) =
° Fibrosis =
£ 504 2 50
g o
@ i
251 o 251
i}
Log-rank P <.001
0 T T T T ] 0
0 2 4 6 8 10 0
Time, y
No. at risk No. at risk
No fibrosis 330 318 260 136 51 No fibrosis 330
Fibrosis 142 122 99 39 13 Fibrosis 142

Sudden cardiac death or aborted sudden cardiac death

2 4 6 8 10
Time, y
316 184 93 26
120 79 28 10

@ Heart failure death, hospitalization, or transplantation

No fibrosis

Fibrosis

Log-rank P <.001

100 100+
No fibrosis
EN R
5 754 3 754
= =3
= =
3 3
2 50 2 50
o Fibrosis o
- 4
< <
9] 254 9] 254
i i}
Log-rank P <.001
0 T T T T | 0
0 2 4 6 8 10 0
Time, y
No. at risk No. at risk
No fibrosis 330 314 180 92 25 No fibrosis 330
Fibrosis 142 111 67 24 7 Fibrosis 142

2 4 6 8 10
Time, y
297 172 85 25
110 71 24 9
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Table 2. Study Outcome Data

No. (%) of Patients
by Presence of
Midwall Fibrosis

No Yes Hazard Ratio P
Outcome (n=330) (n=142) (95% ClI) Value?
Primary end point (all-cause mortality) 35(10.6) 38(26.8) 2.96(1.87-4.69) <.001
Principal secondary outcomes
Cardiovascular mortality or cardiac 26 (7.9) 41(28.9) 4.11(2.51-6.72) <.001
transplantation
Cardiovascular death 24 (7.9) 34 (23.9) 3.88(2.30-6.55) <.001
Cardiac transplantation 2(0.6) 7 (4.9 8.63 (1.79-41.58) .007
Arrhythmic secondary composite end point
Sudden cardiac death or aborted 23(7.0) 42 (29.6) 5.24 (3.15-8.72) <.001
sudden cardiac death®
Sudden cardiac death 11 (3.9 15(10.6) 3.81(1.75-8.33) .001
Aborted sudden cardiac death 12 (3.6) 29 (20.4) 6.93(3.53-13.61)  <.001
Heart failure secondary composite end point
Heart failure death, heart failure 37 (11.2) 36 (25.4) 2.49(1.57-3.95) <.001
hospitalization, or cardiac
transplantation®
Heart failure death 12 (3.6) 18 (12.7)  4.05(1.95-8.41) <.001
Heart failure hospitalization 35(10.6) 30(21.1) 2.21(1.36-3.60) .001
Device implantation
Implantable cardioverter-defibrillator 21 (6.4) 30 (21.1) 3.80(2.17-6.64) <.001
Cardiac resynchronization therapy 24 (7.3) 10 (7.0) 1.03 (0.49-2.16) .93
without defibrillator
Cardiac resynchronization therapy with 31 (9.4) 28 (19.7)  2.40 (1.44-4.01) .001

defibrillator

ap values are derived from a Cox proportional hazards model.
PThe number of patients who experienced an index composite outcome.

5 times more likely to experience SCD
or aborted SCD compared with pa-
tients without midwall fibrosis (29.6%
vs 7.0%, respectively; HR, 5.24 [95% CI,
3.15-8.72]; absolute risk difference,
22.6% [95% CI, 14.6%-30.6%],
P <.001; Figure 3C and Table 2). In the
multivariable models that incorpo-
rated history of malignant ventricular
arrhythmia, systolic blood pressure, and
LVEF, presence of midwall fibrosis (HR,
4.61 [95% CI,2.75-7.74]; P<.001) and
extent (HR, 1.10 [95% CI, 1.05-1.16];
P<.001) were significant indepen-
dent predictors of the arrhythmic out-
come (Table 4). Midwall fibrosis re-
mained a significant independent
predictor of the arrhythmic compos-
ite end point if appropriate ICD dis-
charge was removed from the analysis
(by fibrosis presence: HR, 4.15 [95% CI,
2.36-7.31], P<.001; by fibrosis
extent: HR 1.13 [95% CI, 1.07-1.19],
P<.001).

The HF composite end point was
reached by 36 patients with midwall fi-
brosis (25.4%) and 37 patients without

- _______________________________________________________________________________________________]
Table 3. All-Cause Mortality in Univariable and Multivariable Analyses?®

Multivariable Analysis

Univariable Analysis Model 1P Model 2¢
No. (%) [ 1T 1T 1
1 Unadjusted HR P Adjusted HR P Adjusted HR P
Alive Dead (95% Cl) Value (95% ClI) Value (95% Cl) Value
Age, per year 1.02 (1.01-1.04) .005 1.03(1.01-1.05)  .001 1.02 (1.00-1.04) .01
Sex
Female 131(88.5) 17 (11.5) 1 [Reference]
Male 268 (82.7) 56(17.3 1.53(0.89-2.63) .13
History of VF or sustained VT
No 377 (84.3) 70(15.7) 1 [Reference]
Yes 22 (88.0) 3(12.00 0.76(0.24-2.42) .64
History of atrial fibrillation
No 327 (83.9) 63(16.2) 1 [Reference]
Yes 72(@87.8) 10(12.2) 0.75(0.38-1.46) .40
Diabetes
No 373(85.4) 64 (14.7) 1 [Reference]
Yes 26 (74.3) 9(25.7 1.58 (0.78-3.19) .20
Smoker
No 319(84.4) 59 (15.6) 1 [Reference]
Yes 80(85.1) 14(14.9) 0.96(0.54-1.72) .89
History of alcohol excess
No 355 (86.0) 58 (14.0) 1 [Reference]
Yes 44 (74.6) 15(25.4) 1.81(1.02-3.20) .04
Family history of DCM
No 369 (86.4) 67 (15.4) 1 [Reference]
Yes 30 (83.3) 1.08 (0.47-2.50) .85
(continued)
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]
Table 3. All-Cause Mortality in Univariable and Multivariable Analyses® (continued)

Multivariable Analysis

I
Univariable Analysis Model 1P Model 2¢
No. (%) [ 1T 1T 1
1 Unadjusted HR P Adjusted HR P Adjusted HR P
Alive Dead (95% Cl) Value (95% ClI) Value (95% Cl) Value
Heart rate, per 1 beat/min 1.03 (1.02-1.05) <.001 1.02 (1.00-1.03) .03 1.02 (1.00-1.04) .01
Blood pressure, per 1 mm Hg
Systolic 0.98 (0.96-0.99) .001  0.98 (0.97-1.00) .01
Diastolic 0.97 (0.95-0.99) .006
Left bundle-branch block
No 290 (84.6) 53 (15.5) 1 [Reference]
Yes 109 (84.5) 20(15.5)  0.99 (0.59-1.66) .98
NYHA functional class, per class 2.36 (1.79-3.11)  <.001 1.71 (1.23-2.37) .001
LV end-diastolic volume index, 1.09 (1.05-1.13) <.001
per 10 mL/m?
LV end-systolic volume index, 1.10 (1.06-1.14)  <.001
per 10 mL/m?
LV stroke volume, per 10 mL 0.89 (0.82-0.97) .009
LV ejection fraction, per 1% 0.95(0.93-0.96) <.001 0.97 (0.95-0.99) .007 0.97 (0.95-1.00) .02
LV mass index, per 10 g/m? 1.12 (1.04-1.19) .002
Fibrosis
No 295 (89.4) 35(10.6) 1 [Reference]
Yes 104 (73.2) 38(26.8) 2.96(1.87-4.69) <.001 2.43(1.50-3.92) <.001
Fibrosis extent, per 1% increment 1.11(1.06-1.17)  <.001 1.11(1.06-1.16) <.001

Abbreviations: DCM, dilated cardiomyopathy; HR, hazard ratio; LV, left ventricular; NYHA, New York Heart Association; VF, ventricular fibrillation; VT, ventricular tachycardia.
ap values are derived from a Cox proportional hazards model.

PMidwall fibrosis was included as a categorical variable (presence or absence).

CMidwall fibrosis was included as a continuous variable (percentage extent).

- _________________________________________________________________________________________]
Table 4. Secondary End Points in Multivariable Analysis®

Multivariable AnalysisP
[ 1

Model 1¢ Model 29
I Adjusted HR P I I Adjusted HR P I
(95% Cl) Value (95% Cl) Value

Cardiovascular mortality or cardiac transplantation
Heart rate, per 1 beat/min 1.02 (1.00-1.04) .02
Systolic blood pressure, per 1 mm Hg 0.98 (0.97-1.00) .02
LV end-diastolic volume index, per10 mL/m? 1.05 (1.00-1.10) .03
LV ejection fraction, per 1% 0.96 (0.94-0.98) <.001 0.96 (0.94-0.99) .002
Fibrosis presence 3.22 (1.95-5.31) <.001
Fibrosis extent, per 1% increment 1.15(1.10-1.20) <.001
Sudden cardiac death or aborted sudden cardiac death
History of VF or sustained VT 3.24 (1.63-6.43) .001 4.08 (2.06-8.10) <.001
Systolic blood pressure, per 1 mm Hg 0.98 (0.97-1.00) .01
LV ejection fraction, per 1% 0.97 (0.95-0.99) .005
Fibrosis presence 4.61 (2.75-7.74) <.001
Fibrosis extent, per 1% increment 1.10 (1.05-1.16) <.001
Heart failure death, heart failure hospitalization, or cardiac transplantation
Diastolic blood pressure, per 1 mm Hg 0.97 (0.94-0.99) .002 0.97 (0.95-0.99) .008
NYHA functional class, per class 1.85(1.32-2.59) <.001 1.77 (1.27-2.48) .001
LV ejection fraction, per 1% 0.95 (0.93-0.97) <.001 0.94 (0.92-0.97) <.001
Fibrosis presence 1.62 (1.00-2.61) .049
Fibrosis extent, per 1% increment 1.08 (1.04-1.13) <.001

Abbreviations: HR, hazard ratio; LV, left ventricular; NYHA, New York Heart Association, VVF, ventricular fibrillation; VT, ventricular tachycardia.

ap values are derived from a Cox proportional hazards model.

P All baseline covariates with a P value of less than .05 on univariable analysis were entered into the multivariable model. Only those covariates that were selected as independent pre-
dictors of outcome on forward-stepwise multivariable analysis appear in the table. The unadjusted HRs for all baseline covariates appear in eTables 1-3 at http://www.jama.com.

CMidwall fibrosis was included as a categorical variable (presence or absence).

dMidwall fibrosis was included as a continuous variable (percentage extent).
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midwall fibrosis (11.2%) (HR, 2.49 [95%
CI, 1.57-3.95]; absolute risk difference,
14.1% [95% CI, 6.2%-22.1%], P<.001;
Figure 3D and Table 2). Midwall fibro-
sis presence (HR, 1.62 [95% CI, 1.00-
2.61];P=.049) and extent (HR, 1.08 [95%
CI,1.04-1.13];P<<.001) were significant
independent predictors of HF outcome
in multivariable analysis (Table 4).

Incremental Prognostic Value
of Midwall Fibrosis

Information regarding the presence or ab-
sence of midwall fibrosis made a sizeable
difference to the risk profile of patients
across the spectrum of LVEF for all end
points (FIGURE4). For example, a patient
with an LVEF 0f35% in our cohort had
arisk of death by 5 years of 12.7% (95%
Cl, 6.8%-23.0%). When midwall fibro-

sis status was added to the risk model,
the risk of death for a patient with an
LVEF of 35% and no midwall fibrosis de-
creased t0 9.4% (95% CI, 5.0%-17.5%),
while those with midwall fibrosis now
had a predicted risk of death of 19.9%
(95% CI, 10.8%-35.0%).

Risk Reclassification

Reclassification of risk was assessed sepa-
rately for all-cause mortality (TABLE 5) and
the arrhythmic composite end point
(TABLE 6) after addition of midwall fibro-
sis status to arisk model based on LVEF.
Forall-cause mortality, addition of mid-
wall fibrosis status to LVEF resulted in 16
correct (up) reclassifications and 9 incor-
rect (down) reclassifications in the 73 pa-
tients who died. Additionally, 117 correct
(down) reclassifications and 51 incorrect

(up) reclassifications occurred in the 399
survivors. Overall, 26% of patients were
correctly reclassified by the addition of
midwall fibrosis status (net reclassifica-
tion improvement, 0.26 [95% CI, 0.11-
0.411; P=.001). For the arrhythmic com-
posite of SCD or aborted SCD, addition
of midwall fibrosis status to LVEF yielded
23 correct (up) reclassifications and 11
incorrect (down) reclassifications in the
65 patients who experienced a major ar-
rhythmic event. Additionally, 89 correct
(down) reclassifications and 46 incorrect
(up) reclassifications occurred in the 407
patients who did not have an arrhythmic
event. Overall, 29% of patients were cor-
rectly reclassified after adding midwall fi-
brosis status to the risk model (net reclas-
sification improvement, 0.29 [95% CI,
0.11-0.48]; P=.002).

Figure 4. Five-Year Risk Prediction Curves by Left Ventricular Ejection Fraction (LVEF) and Midwall Fibrosis Status
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COMMENT

We found that both the presence and
extent of midwall replacement fibro-
sis were associated with an increased
likelihood of all-cause mortality in di-
lated cardiomyopathy. This associa-
tion was independent of LVEF and
other established prognostic factors in
multivariable analysis. After control-
ling for LVEF and other significant co-
variates, the adjusted HRs for patients
with midwall fibrosis were 2.43
(P<.001) for all-cause mortality and
3.22 (P<.001) for cardiovascular death
or cardiac transplantation. The pres-
ence and extent of midwall fibrosis were
also significant independent predic-
tors of the secondary composite out-
comes, SCD or aborted SCD, and HF
death, HF hospitalization, or cardiac
transplantation. Midwall fibrosis pro-
vided incremental prognostic value
across the range of LVEF observed in
our cohort. The addition of midwall fi-
brosis to LVEF resulted in significant
improvements in risk reclassification for
both all-cause mortality and the ar-
rhythmic composite. Our findings sug-
gest that detection and quantification
of midwall fibrosis by LGE-CMR may
represent useful markers for the risk
stratification of death, ventricular ar-
rhythmia, and HF for patients with di-
lated cardiomyopathy.

The histological basis for midwall
LGE in dilated cardiomyopathy is focal
replacement fibrosis, which is seen at au-
topsy in up to one-third of patients with
dilated cardiomyopathy,* a prevalence
which mirrors that of midwall fibrosis
on LGE-CMR." Replacement fibrosis re-
fers to reparative microscopic scarring
that follows myocyte death.’**” In keep-
ing with previous reports,'*!® patients
with midwall fibrosis exhibited a greater
degree of left ventricular dilatation and
systolic impairment compared with pa-
tients without midwall fibrosis. De-
spite the close relationship between mid-
wall fibrosis and ventricular remodeling,
the presence of midwall fibrosis pro-
vided prognostic information that was
independent of left ventricular para-
meters and incremental to LVEF. Mid-
wall fibrosis retained its prognostic sig-

FIBROSIS AND PROGNOSIS IN DILATED CARDIOMYOPATHY

nificance when assessed as a continuous
variable, suggesting that not only the
presence but also the burden of replace-
ment fibrosis is an important determi-
nant of outcome.

These findings support previous
studies that have suggested that mid-
wall fibrosis may be a helpful prognos-
ticator in dilated cardiomyopathy. Early
work from our group'® showed that
midwall fibrosis was the only indepen-
dent predictor of a primary composite
of death and cardiovascular hospital-
ization in 101 patients with dilated car-

diomyopathy compared with stan-
dard left ventricular prognostic
parameters. Two further studies have
since demonstrated that midwall fibro-
sis appears to predict adverse out-
come based on a composite of cardio-
vascular death, HF hospitalization, or
appropriate ICD shock.'"!® Although
these studies have provided valuable in-
sight into the potential prognostic im-
plications of midwall fibrosis in pa-
tients with dilated cardiomyopathy,
they were limited by small sample sizes
of between 56 and 184 patients, short

]
Table 5. Risk Reclassification With the Addition of Midwall Fibrosis Status to a Risk Model
Based on Left Ventricular Ejection Fraction (LVEF) for All-Cause Mortality®

Predicted Risk With

LVEF and Midwall
Fibrosis Status, %

Predicted Risk With T

1
=20

LVEF Alone, % 0-5 5-10 10-20 Total
Deaths
0-5 0 2
5-10 0 10
10-20 11 24
=20 30 37
Total 41 73
Survivors
0-5 22
5-10 46 76
10-20 0 39
=20 0 0 32 67 99
Total 68 119 124 88 399

@Values represent the number of patients in each risk category (0%-5%, 5%-10%, 10%-20% and =20%) according to
risk model based on LVEF alone and risk model based on LVEF and midwall fibrosis status (presence or absence)
for patients who died or survived during follow-up. Correct reclassifications are shaded light gray and incorrect re-

classifications are shaded dark gray.

]
Table 6. Risk Reclassification With the Addition of Midwall Fibrosis Status to a Risk Model
Based on Left Ventricular Ejection Fraction (LVEF) for the Secondary Arrhythmic Composite

End Point?

Predicted Risk With LVEF
Plus Midwall Fibrosis

Status, %

[ 1
Predicted Risk With LVEF Alone, % 0-15 >15 Total
Patients With Arrhythmic Event
Predicted risk with LVEF alone
0-15 12 23 35
Total 23 42 65
Patients Without Arrhythmic Event
Predicted risk with LVEF alone
0-15 218 264
>15 89 54 143
Total 307 100 407

2Values represent the number of patients in each risk category (0%-15% and >15%) according to risk model based
on LVEF alone and risk model based on LVEF and midwall fibrosis status (presence or absence) for patients who
had an arrhythmic event or did not have an arrhythmic event. Correct reclassifications are shaded light gray and

incorrect reclassifications are shaded dark gray.
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follow-up periods (mean/median fol-
low-up of 1.4-1.9 years), and reliance
on broad composite primary end points.
More recently, subgroup analysis of a
mixed HF cohort preselected for CRT,
has suggested that midwall fibrosis pre-
dicts cardiovascular death or transplan-
tation among patients with dilated car-
diomyopathy." However, the low event
rate (11 index events) in this study
meant that there were insufficient data
to accurately assess the prognostic sig-
nificance of midwall fibrosis, control-
ling for all potentially confounding vari-
ables in multivariable analysis, in the
dilated cardiomyopathy subgroup. As
a result, the independent prognostic
value of midwall fibrosis and its rela-
tionship to mortality and SCD have thus
far remained open to question.
Current assessment of prognosis in
patients with dilated cardiomyopathy
is primarily based on LVEF, which has
long been recognized as a strong pre-
dictor of mortality.*> However, al-
though mortality in patients with di-
lated cardiomyopathy increases with
decreasing LVEF, this relationship is
weaker in patients with severe systolic
impairment.”® A significant propor-
tion of patients with severe systolic im-
pairment at initial evaluation respond
favorably to medical therapy with im-
provements in left ventricular func-
tional indices.” Therefore, in patients
with severely impaired left ventricular
function, prediction of outcome purely
on the basis of LVEF is difficult. Con-
versely, in patients with mild or mod-
erate left ventricular systolic dysfunc-
tion, LVEF yields limited predictive
value and yet such patients are still
prone to substantial morbidity and mor-
tality.’® In the present study, detec-
tion of midwall fibrosis offered incre-
mental prognostic information across
the entire range of LVEF for all end
points. The use of LGE-CMR may not
only enable more reliable risk stratifi-
cation of patients with dilated cardio-
myopathy and severe left ventricular
impairment, but also facilitate identi-
fication of high-risk patients with
milder degrees of left ventricular dys-
function who are currently over-
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looked by assessment of global left ven-
tricular function alone. Further study
of patients stratified by LVEF is re-
quired to substantiate this.

In our study, patients with midwall
fibrosis had worse prognosis despite
higher implantation rates of ICD and
CRT combined with a defibrillator, fur-
ther emphasizing the negative prog-
nostic implications of midwall fibro-
sis. Even though device implantation
is known to improve outcome in di-
lated cardiomyopathy,*-* selection of
patients for prophylactic defibrillator
implantation is particularly problem-
atic. Current guidelines for primary pre-
vention of SCD in patients with di-
lated cardiomyopathy recommend
defibrillator implantation in patients
with New York Heart Association func-
tional class II/IIl and a LVEF of less than
35%.>**> However, based on such guide-
lines, the annual rate of appropriate
defibrillator discharge is only 5.1%; con-
sequently, the majority of patients never
receive an appropriate therapy.>*3¢ Al-
though SCD is less frequent in pa-
tients who do not meet LVEF criteria
for defibrillator insertion, the propor-
tion of SCD to all-cause mortality is
higher in this group.? It is therefore in-
creasingly recognized that LVEF lacks
sensitivity and specificity for predict-
ing SCD. Moreover, up to 1 in 5 pa-
tients with a prophylactic defibrillator
will experience 1 or more inappropri-
ate shocks within the first few years of
implantation, with detrimental effects
on mortality, HF progression, and psy-
chological well-being.*** Defibrilla-
tor implantation additionally carries a
significant cost burden®** and risk of
procedural complications.?*?° ITm-
proved risk stratification techniques for
SCD in patients with dilated cardiomy-
opathy are therefore required to allow
accurate identification of those pa-
tients who will maximally benefit from
devices.

Although the mechanisms underly-
ing SCD in patients with dilated cardi-
omyopathy are poorly characterized,
there is emerging evidence to suggest
that myocardial fibrosis forms the sub-
strate for ventricular arrhythmias due

to scar-related reentry.'*!* This obser-
vation is supported by the findings of
our study in which patients with mid-
wall fibrosis had a 4-fold increase in the
risk of the secondary composite of SCD
or aborted SCD (HR, 4.61 [95% CI,
2.75-7.74]; P<.001). In the multivari-
able analysis, the presence and extent
of midwall LGE were strongly associ-
ated with the arrhythmic composite end
point, even allowing for conventional
SCD risk factors such as previous ma-
lignant ventricular arrhythmia and
LVEF. While there is contention re-
garding whether appropriate ICD dis-
charge equates to aborted SCD,* mid-
wall fibrosis still remained a significant
independent predictor of arrhythmic
outcome following exclusion of ICD
therapy from the composite.

In the net reclassification improve-
ment analysis, the addition of midwall
fibrosis to LVEF was associated with
improved risk stratification for SCD.
There is no formal consensus regard-
ing the level of SCD risk at which ICD
implantation is justified in patients with
dilated cardiomyopathy. In the present
study, we selected a 15% SCD risk
threshold to define high- and low-risk
categories to direct ICD implantation,
guided by the SCD event rates in the
Marburg Cardiomyopathy Study.*
Based on the incremental information
provided by LGE-CMR in our cohort,
of the 65 patients who reached the SCD
composite, an additional 12 patients
(18.5%) would now undergo ICD im-
plantation. In addition, of the 407 pa-
tients who did not experience the SCD
outcome, 43 patients would now avoid
ICD implantation (10.6%). The use of
LGE-CMR therefore improves detec-
tion of patients with dilated cardiomy-
opathy at high risk for SCD who are
currently missed by stratification using
LVEF. At the same time, LGE-CMR re-
duces the number of patients who
would undergo ICD implantation with-
out subsequently experiencing a SCD
event. These data suggest that LGE-
CMR may refine the SCD risk esti-
mate in dilated cardiomyopathy, rais-
ing the possibility that this information
could guide ICD implantation with po-
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tential implications for public health
and resource use.

Limitations

We have performed a single-center
study that allowed for a standardized
approach to both the CMR protocol and
interpretation. Corroboration of our
findings in a multicenter setting is re-
quired. Because our cohort consisted of
patients with dilated cardiomyopathy
clinically referred for CMR investiga-
tion, we accept that it may be subject
to referral bias. However, our study
population had similar demographic
characteristics, medication usage, and
disease severity profile compared with
those reported in other large cohorts of
patients with dilated cardiomyopathy
such as the Trieste Cardiomyopathies
Registry.” We therefore believe that our
study cohort is representative of the
wider dilated cardiomyopathy popula-
tion at large. While each patient'’s LGE-
CMR findings were available to their cli-
nicians, current HF therapeutic
guidelines do not recommend specific
therapies based on midwall fibrosis as-
sessment.” The midwall fibrosis sta-
tus of patients in our cohort is there-
fore unlikely to have directly affected
their treatment during the follow-up pe-
riod. Furthermore, although patients
with midwall fibrosis had higher defib-
rillator implantation rates, they still had
worse outcomes. Coronary angiogra-
phy was not performed in all patients.
Those patients who did not undergo an-
giography were considered unlikely to
have significant coronary artery dis-
ease in the absence of angina symp-
toms and previous myocardial infarc-
tion, coupled with normal stress
imaging studies, low risk profile, or
both. In line with current guidelines,?
invasive angiographic investigation in
such patients was not justified. Late
gadolinium enhancement cardiovascu-
lar magnetic resonance detects focal
areas of replacement fibrosis. Diffuse in-
terstitial fibrosis is also present in pa-
tients with dilated cardiomyo-
pathy.?”* Emerging T1-mapping CMR
techniques offer promise for the evalu-
ation of interstitial fibrosis but remain

FIBROSIS AND PROGNOSIS IN DILATED CARDIOMYOPATHY

experimental and require optimiza-
tion, standardization, and histological
validation.*%

CONCLUSIONS

Assessment of midwall fibrosis with
LGE-CMR provided independent prog-
nostic information in patients with
nonischemic dilated cardiomyopathy.
LGE-CMR imaging improved risk
stratification beyond LVEF for all-
cause mortality and SCD. The poten-
tial clinical utility of midwall fibrosis
evaluated by LGE-CMR in the risk
stratification of patients with dilated
cardiomyopathy requires further in-
vestigation.
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