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In hypertrophic cardiomyopathy (HC), atrial fibrillation (AF) is an important determinant of
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clinical deterioration due to heart failure or embolic stroke. This study characterizes left atrial
(LA) structural and functional parameters to establish markers predictive of AF risk, using
cardiovascular magnetic resonance (CMR) imaging. We studied 427 consecutive patients
with HC in sinus rhythm with CMR (age 44 – 18 years), including 41 who developed clin-
ically overt AF after study entry (2.6 – 2.1 years), 49 patients with AF before CMR, 337
patients with HC but without AF, and 244 normal controls. LA chamber was assessed for
absolute and indexed end-diastolic volume (LAEDV), end-systolic volume, and percent
ejection fraction (LAEF). In the 41 prospectively studied patients with HCwho developed AF
during follow-up, LAEDV was significantly greater than in patients without AF (146 – 48 vs
107 – 37ml) or in normal controls (81 – 24ml, p <0.001). Percent LAEFwas lower in patients
developing AF (36 – 10%) than without AF (46 – 12%) or controls (55 – 9%, p <0.001).
Multivariate analysis identified LAEF (<38%), LAEDV (‡118 ml), and age (‡40 years)
as independently associated with AF occurrence. In conclusion, CMR measures of LA
remodeling and dysfunction reliably identified patients with HC at risk for future develop-
ment of AF. Decrease in LAEF represents a strong novel marker of susceptibility to AF in this
disease. � 2014 Elsevier Inc. All rights reserved. (Am J Cardiol 2014;113:1394e1400)
Atrial fibrillation (AF) is the most common sustained
arrhythmia in hypertrophic cardiomyopathy (HC), occurring
in about 20% of patients and potentially impacting the
natural history and prognosis of HC by promoting pro-
gressive heart failure and increasing the risk for embolic
stroke.1e7 Early recognition of susceptibility to AF would
be advantageous for longitudinal surveillance and timely
prophylactic interventions and management strategies in
HC.8e11 Tomographic high spatial resolution cardiovascular
magnetic resonance (CMR) offers a contemporary oppor-
tunity for characterizing the functional dynamics and
structural characteristics of the left atrial (LA) chamber with
respect to the clinical course of HC. To this purpose, we
report a large HC cohort studied with CMR imaging,
including a prospective subset that developed AF after study
entry, to establish potential markers for future development
of AF.
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Methods

The Hypertrophic Cardiomyopathy Center (Minneapolis
Heart Institute Foundation) databasewas accessed for patients
with HC and CMR studies. Of the 427 patients consecutively
studied with CMR from 2003 to 2010, 90 (21%) had at least
one 12-lead electrocardiogram documented clinically overt
symptomatic episode of AF requiring acute medical care,
including pharmacologic or direct-current shock cardiover-
sion. Ambulatory (Holter) electrocardiographic recordings
were not performed routinely for the purpose of identifying
asymptomatic episodes of AF.

Patients with HC were categorized as: (1) sinus rhythm
without a history of AF (n ¼ 337), (2) history of �1 AF
episodes with the first occurring 1 week to 7 years (mean
2.6 � 2.1 years) after CMR and study entry (n ¼ 41; 37
paroxysmal and 4 permanent), and (3) �1 AF episodes
occurring before CMR and study entry (n ¼ 49; 40 parox-
ysmal and 9 permanent). An independent control group of
subjects without evidence of cardiovascular disease by
CMR (age 42 � 18 years, men 62%, and body surface
area [BSA] 2.0 � 0.3 m2) was assembled for comparison.

All patients were in normal sinus rhythm during the CMR
study. Imaging was performed with a 1.5-T clinical magnetic
resonance imaging scanner (Avanto; Siemens Medical,
Erlangen, Germany). Cine true fast imaging with steady state
precession (FISP) sequences were performed in standard 4-
and 2-chamber views. Horizontal long-axis, vertical long-
axis, steady-state free precession cine images: echo time/time
to repetition (TE/TR), 1.5/3.0 ms; flip angle, 60�; slice
thickness, 10 mm; in-plane resolution, 1.5 � 1.5 mm;
www.ajconline.org
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Table 1
Demographic, functional, and morphologic findings in 427 patients with hypertrophic cardiomyopathy (HC) by subgroup

Parameter All HC
(n ¼ 427)

HC: Without
AF (n ¼ 337)

AF: After CMR*
(n ¼ 41)

AF: Before CMR
(n ¼ 49)

p Value

Age at CMR (yrs) 44 � 18 41 � 18 50 � 14 57 � 13 <0.001
Men (%) 303 (71) 241 (72) 27 (66) 35 (71) 0.75
BSA (m2) 2.02 � 0.29 2.01 � 0.3 2.06 � 0.28 2.04 � 0.23 0.47
NYHA class, initial visit
I/II 386 307 35 44 0.002
III/IV 41 30 6 5

NYHA class, last visit
I/II 389 310 37 42 0.002
III/IV 38 27 4 7

Maximum LV thickness (mm), CMR (range) 22 � 6 (10e41) 22 � 6 (11e41) 23 � 5 (14e37) 21 � 4 (10e32) 0.29
LV EF (%), CMR (range) 74 � 8 (23e91) 74 � 8 (23e90) 77 � 8 (51e91) 72 � 9 (40e88) 0.004
AF
Paroxysmal 77 n/a 37 40 —

Chronic/persistent 13 n/a 4 9 —

LVOT gradient �30 mm Hg (%), rest (echo) 89 (21) 66 (20) 11 (27) 12 (24) 0.45
LA transverse dimension (echo; mm) 41 � 8 (20e63) 40 � 7 (20e62) 46 � 7 (31e60) 46 � 8 (34e63) <0.001
Surgical myectomy 57 42 9 6 0.23
RFA/Maze 22 — 8 14
End stage (EF <50%) 16 10 1 5 0.05†

Coronary artery disease 22 18 2 2 1.0†

Time: from CMR to AF onset (range; mean) — n/a 2.6 � 2.1 yrs (1 wke7 yrs) n/a —

Heart transplant 6 2 2 2 0.02†

Embolic stroke 5 2 1 2 0.06†

Noncardiac death 9 5 2 2 0.12†

HC death 18 16 1 1 0.82†

Heart failure 3 3 0 0
Sudden death event 14 12z 1x 1x

Operative 1 1 0 0

Echo ¼ echocardiography; EF ¼ ejection fraction; ICD ¼ implantable cardioverter-defibrillator; LVOT¼ left ventricular outflow tract; n/a ¼ not applicable;
RFA ¼ radio frequency ablation.
* No patient had myectomy, RFA, or Maze surgical procedure before CMR and study entry.
† Fisher’s exact test used to assess statistical significance.
z Includes 3 sudden deaths, 3 out-of-hospital cardiac arrest survivors, and 6 appropriate ICD interventions.
x Appropriate ICD intervention.

Cardiomyopathy/Left Atrium and AF in HC 1395
temporal resolution, 45 ms; and breath hold duration, 14 to 17
heartbeats at end expiration. Timingof volumemeasurement in
the scan was precisely determined by visual assessment of the
maximal andminimal volumes in the temporal image sequence
corresponding to the cardiac cycle.

CMR image analysis was performed on a commercial
imaging workstation (Vitrea; Vital Images, Minnetonka,
Minnesota). LA volume was calculated using a biplane area-
length method previously described and indexed for
BSA.12e15 Endocardial borders of the LA were traced
manually in vertical and horizontal long-axis planes. Inter-
observer variability for this method has been shown to have
favorable agreement for measurement of LA chamber vol-
umes and LA ejection fraction (LAEF).15

Maximum LA volume (LA end-diastolic volume
[LAEDV]) was measured at the end of ventricular systole, and
minimum LA volume was measured at the end of atrial systole
(LA end-systolic volume [LAESV]).13e17 LA appendage and
pulmonary veins were excluded from LA volume measure-
ments.LAstrokevolumewas calculated asLAEDV�LAESV
and LAEF as LA stroke volume/LAEDV. All volumes were
indexed to BSA. The LA transverse diameter was measured in
horizontal long-axis images from the level of themitral annulus
(point of leaflet coaptation) to posterior margin of the LA.

A short-axis stack was obtained parallel to the atrioven-
tricular groove covering the entire left ventricle (LV). LV
volumes (LV end-systolic and end-diastolic volumes) were
measured using automated endocardial and epicardial
border recognition tracing of successive short-axis slices at
end-diastole and end-systole. Contour tracing was validated
by reviewing cine images with contours attached and
manually correcting if judged necessary by the operator. In
normal control patients, CMR-derived LA and LV volumes
were consistent with those of Maceira et al.17 Interobserver
variability for measuring chamber volumes with CMR has
been shown to be low.15,18

Late gadolinium enhancement (LGE) imageswere acquired
10 to 15minutes after intravenous administration of 0.2 mmol/
kg gadolinium diethylene triamine pentaacetic acid (DTPA)
(Magnevist; Schering, Berlin, Germany) using a breath-held,
segmented, inversion-recovery sequence acquired in the same
orientations as cine images. Mean signal intensity of normal
myocardium was calculated, and the threshold �6 SD
exceeding the mean was used to define LGE.19
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Figure 1. LAEF in patients with HC with (n ¼ 90) or without AF (n ¼ 337) and in normal controls (n ¼ 244). Controls had significantly higher LAEF than all
HC groups, with or without AF (p <0.001); AF groups had significantly lower LAEF than HC without AF (p <0.001); and AF groups, before and after CMR,
did not differ significantly (p ¼ 1.0).

Figure 2. LAEDV in patients with HC with (n ¼ 90) or without history of AF (n ¼ 337) and in normal controls (n ¼ 244). Controls had significantly lower
LAEDV than all HC groups, with or without AF (p <0.001); AF groups had significantly greater LAEDV than HC without AF (p <0.001); and AF groups,
before and after CMR, did not differ significantly (p ¼ 1.0).
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Seventy-three patients were screened with laboratory-
specific methods for identification of mutations in the pro-
tein-coding exons and intron-exon boundaries sequencing
the 8 myofilament genes that most commonly cause HC.
DNA variants were judged to be pathogenic based on
standard criteria.20

Study entry was defined as the time of the patient’s first
CMR study. Descriptive statistics are displayed as means
and SDs for continuous variables and proportions for cat-
egorical variables. When continuous variables had skewed
distributions, as determined by Shapiro-Wilk normality
test, data were transformed to achieve normality. Contin-
uous variables were assessed for statistical significance
using the 1-way analysis of variance or Student t test;
chi-square or Fisher’s exact tests were used for categorical
variables.
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Table 2
Clinical and cardiovascular magnetic resonance (CMR) findings in 427 patients with hypertrophic cardiomyopathy (HC) by subgroup and controls

Characteristic Controls
(n ¼ 244)

HC Without AF
(n ¼ 337)

HC: AF After CMR
(n ¼ 41)

HC: AF Before CMR
(n ¼ 49)

p Value*

Age at CMR (yrs) 42 � 18 41 � 18 50 � 14 57 � 13 0.003
Men %, (n) 62 (151) 72 (241) 66 (27) 71 (35) 0.16
BSA (m2) 2.0 � 0.3 2.0 � 0.3 2.1 � 0.3 2.0 � 0.2 0.30
LAEF (%) 55 � 9 46 � 12 36 � 10 36 � 17 <0.001
LAEDV (ml) 81 � 24 107 � 37 146 � 48 152 � 70 <0.001†

LAEDVindexed (ml/m2) 40 � 11 54 � 20 72 � 28 76 � 39 <0.001†

LAESV (ml) 37 � 15 59 � 29 95 � 38 105 � 72 <0.001†

LAESVindexed (ml/m2) 19 � 7 30 � 16 47 � 22 52 � 39 <0.001†

LA SV (ml) 43 � 13 48 � 17 51 � 18 47 � 18 0.33
LA SVindexed (ml/m2) 22 � 6 24 � 8 25 � 9 23 � 10 0.52
LVEDV (ml) 153 � 38 153 � 41 160 � 49 166 � 35 0.38†

LVEDVindexed (ml/m2) 76 � 16 77 � 19 78 � 26 82 � 17 0.83†

LVESV (ml) 51 � 20 41 � 19 37 � 17 48 � 23 0.066†

LVESVindexed (ml/m2) 26 � 9 21 � 10 18 � 9 24 � 11 0.022†

LV SV (ml) 102 � 24 112 � 31 123 � 37 118 � 26 0.046†

LV SVindexed (ml/m2) 51 � 10 56 � 14 60 � 19 58 � 12 0.11†

LV mass (g) 120 � 33 191 � 80 210 � 73 189 � 56 0.20
LV LGE present %, (n) — 146 (43) 24 (59) 25 (51) 0.064
LV LGE (%), median (25the75th percentile) — 5.2 (2.5e10.4); n ¼ 142 2.7 (1.6e6.9); n ¼ 22 6.7 (3.3e18.2); n ¼ 22 0.047z

NYHA functional class
Class I/II % (n) — 91 (308) 85 (35) 90 (44) 0.21
Class III/IV % (n) — 9 (29) 15 (6) 10 (5)

LVOT gradient �30 mm Hg, rest (echo) % (n) 20 (66) 27 (11) 24 (12) 0.28

g ¼ grams; LVOT ¼ left ventricular outflow tract; NYHA ¼ New York Heart Association; SV ¼ stroke volume.
* p Value compares HC without AF (n ¼ 337) with HC and AF after CMR (n ¼ 41).
† t Test performed on transformed variables due to non-normal distribution.
z Wilcoxon rank-sum test used to assess significance.

Table 3
Variables associated with atrial fibrillation in multivariate analysis

Effect Coefficient (SE) Odds Ratio (95% CI) p Value

Intercept �2.728 (1.123) — 0.015
Age* 0.021 (0.011) 1.046 (0.998e1.098) 0.058
LAEF (%) �0.051 (0.016) 0.950 (0.920e0.981) 0.002
LAEDV† 0.014 (0.004) 1.062 (1.026e1.104) 0.001

CI ¼ confidence interval; LAEDV ¼ left atrial end-diastolic volume;
LAEF ¼ left atrial ejection fraction; SE ¼ standard error.
* Odds ratio calculated per each 10-year increment in age.
† Odds ratio calculated per each 10 (unit) increment in LAEDV.
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Univariate analyses were performed to assess associa-
tions between individual predictors and clinical outcomes.
Independent predictors of AF risk were assessed using
multivariate logistic regression including the following
variables: age, percent LAEF, LAEDV, LV volume, and LV
ejection fraction. Only those variables with p <0.05 for
univariate associations were entered into stepwise multi-
variate logistic regression models. In this model, variables
with p <0.1 were retained. Only patients with complete data
on all covariates were included in the multivariate analysis.
Probabilities for the development of AF were then derived
from variables retained in the final model.

Receiver operating characteristic (ROC) curves were
generated from logistic regression models. Sensitivity,
specificity, positive and negative predictive values, and
accuracy thresholds were calculated. Areas under the curve
were generated to determine the optimal variables for
identification of risk for AF. Cut points for age, LAEF, and
LV end-diastolic volume were chosen based on Youden’s
index.21 Analyses were performed with Stata, version 11.2
(StataCorp LP, College Station, Texas).
Results

The 427 study patients were 44 � 18 years of age at the
time of CMR study; 303 (71%) were men (Table 1). At
study entry, most patients were asymptomatic in New York
Heart Association class I (295; 69%); 91 were mildly
symptomatic in class II, and 41 were severely symptomatic
in classes III and IV. LV outflow obstruction (gradient
�30 mm Hg) was present in 89 patients (21%). Percent LV
ejection fraction by CMR was 74 � 8%, with 286 patients
(67%) <50%. Follow-up period was 3.4 � 2.1 years.

Of the 90 patients who experienced AF (77 paroxysmal
and 13 chronic and/or permanent), age was 54 � 13 years
and 28 (31%) were �60 years (range 18 to 84). LV outflow
obstruction (�30 mm Hg) was present at rest in 23 patients
(26%); 1 patient (1%) had heart failure progression with
systolic dysfunction (ejection fraction <50%).

Percent LAEF was significantly lower in 41 patients with
HC and AF after CMR (36 � 10%) than 337 patients with
HC without AF (46 � 12%) or 244 normal controls (55 �
9%, p <0.001) but similar to 49 patients with HC and AF
before CMR (36 � 17%, p ¼ 0.97; Figures 1 and 2 and
Table 2).



Table 4
Threshold values for age, left atrial end-diastolic volume (LAEDV), and left
atrial ejection fraction (LAEF) in relation to atrial fibrillation occurrence in
hypertrophic cardiomyopathy

Variable Age (%) LAEDV (%) LAEF (%)

Cut point* �40 yrs �118 ml <38
AUC 0.641 0.738 0.754
Sensitivity 83 71 59
Specificity 55 65 80
PPV 15 20 26
NPV 95 95 94
Accuracy 48 65 77

AUC ¼ area under the curve; NPV ¼ negative predictive value; PPV ¼
positive predictive value.
* For probability that AF will occur.

Figure 3. ROC curves discriminating susceptibility to AF individually by
percent LAEF, LAEDV, and age assembled from 41 prospectively studied
patients with HC and 337 patients with HC without AF. AUC is not signif-
icantly different in the 3 groups (p ¼ 0.12). AUC ¼ area under the curve.

Table 5
Probability of developing atrial fibrillation over the follow-up period*

Variable LAEDV <118 ml LAEDV �118 ml

Age <40 yrs
LAEF (%) <38 6.4 16.8
LAEF (%) �38 1.6 4.6

Age �40 yrs
LAEF (%) <38 19.4 41.6
LAEF (%) �38 5.4 14.4

* Duration of follow-up, 3.4 � 2.1 years, for patients with HC either
without AF (n ¼ 337) or with AF developing after study entry (n ¼ 41).
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Absolute LAEDV was significantly greater in 41 patients
with HC and AF after CMR (146 � 48 ml) than 377 patients
with HC without AF (107 � 37 ml) or controls (81 � 24 ml,
p <0.001), but similar to 49 patients with HC and AF
before CMR (152 � 70 ml, p ¼ 1.0). Absolute LAESV was
significantly greater in 41 patients with HC and AF before
CMR (95 � 38 ml) than 377 HC patients without AF (59 �
29 ml) or controls (37 � 15 ml, p <0.001) but similar to 49
patients with HC and AF before CMR (105 � 72 ml, p ¼
1.0). When indexed to BSA, LAEDV and LAESV subgroup
relations did not differ from the absolute nonindexed values.

Univariate predictors of subsequent AF onset were deter-
mined to be LAEDV, LAESV, and percent LAEF (p <0.001
for each), age (p ¼ 0.003), and LV systolic volume (0.046).
Because percent LAEF is a linear combination of LAEDV
and LAESV, we excluded LAESV from the multivariate
model.

The model was limited to 377 patients with HC but
without AF and those 41 patients with AF occurring after
study entry (Table 3). By stepwise selection, 3 variables
associated with subsequent onset of AF were identified:
LAEF (p ¼ 0.002), LAEDV (p ¼ 0.001), and age (p ¼
0.058). The c-statistic from the multivariate model was
0.814, and Hosmer-Lemeshow test indicated good fit
(chi-square ¼ 10.96, p ¼ 0.20).

Using indexed LA volumes, results of the multivariate
analysis were similar to those when absolute values were
used. The same 3 independent variables were identified:
LAEF (p¼ 0.025), LAEDV (p<0.001), and age (p<0.001),
although indexed LVESV was also significant (p ¼ 0.006).
Areas under the ROC curves did not differ between the
2 models (absolute: 0.814 vs indexed: 0.817, p ¼ 0.84).

ROC curves were generated for those variables derived
from the multivariate model (Table 4 and Figure 3). Cut
points denoting greatest likelihood of AF occurrence were
LAEF <38%, LAEDV �118 ml, and age �40 years. Each
of these 3 variables showed similar areas under the curve
(0.754 vs 0.738 vs 0.641, respectively, p ¼ 0.76).

Assessment of probability for developing AF over the
follow-up period of 3.4 � 2.1 years was based on data in
337 patients with HC but without AF and 41 patients with
AF only after study entry, using the logistic regression
model in Table 5. Highest probability for AF (41.6%) was in
patients �40 years with low LAEF <38% and large LA
volume �118 ml, or 19.4% with low LAEF <38% and
more normal LA volume <118 ml. The least likely com-
bination of variables for future development of AF was in
patients <40 years with normal LAEF and LAEDV (i.e.,
1.6%).

Using the cut points derived from the ROC analysis, 34
of the 41 patients with AF (83%) had either increased
LAEDV �118 ml (29; 71%), reduced LAEF <38% (25;
61%), or both (20; 49%). Conversely, LAEDV and LAEF
were both normal, and age was <40 years in only 1 patient
(2%). After adjusting for age and LAEDV, every 1%
decrease in LAEF was associated with 5% increase in odds
of developing AF. After adjusting for LAEF and age, every
10% increase in LAEDV was associated with 6% increase in
odds of developing AF.

Moderate-to-severe mitral regurgitation was significantly
more common in patients with AF (36 of 90; 40%) than in
those without AF (63 of 337; 19%; p<0.001). Other clinical
variables unassociated with AF were LV outflow obstruc-
tion at rest (p ¼ 0.22), maximum LV wall thickness (p ¼
0.95), LV ejection fraction (p ¼ 0.45), New York Heart
Association functional class (p ¼ 0.3), and LGE (p ¼ 0.06).

The prevalence of LGE or its extent (as percent of LV
mass) did not differ between patients with AF and patients
without AF: 49 of 90 (54%) had LGE compared with 146 of
337 (43%) without AF (p ¼ 0.06). Percent LGE was 4.6
with AF and 5.2 without AF (p ¼ 0.56).

http://www.ajconline.org
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Of the 427 patients, 73 (17%) underwent HC genetic
testing.20 Sarcomere mutations were identified in 43,
including MYH7 (n ¼ 18), MYBPC3 (n ¼ 12), TPM1 (n ¼
5), TNNT2 (n ¼ 4), TNN13 (n ¼ 1), and 3 with double
mutations (1 each with MYBPC3 and ACTC1, MYBPC3 and
TNN13, and TNN13 and CAV3). There was no difference in
the prevalence of sarcomere mutations in patients with AF
(10 of 90, 11%) versus patients without AF (34 of 337, 10%,
p ¼ 0.78).

Discussion

AF is a common disease pathway for patients with HC,
fourfold more common than in the general population,
which can importantly impact clinical course by promoting
severe hemodynamic compromise, progressive heart failure
disability, risk for embolic stroke, hospital admissions, and
lost productivity,1e7 AF is not, however, systematically
linked to sudden death risk in asymptomatic or mildly
symptomatic HCM patients.1,4e7

Previous retrospective and observational echocardiographic
studies in HC cohorts suggested the likelihood of AF occur-
rence (or its complications) is associated with greater LA
transverse dimension, volume, or fractional shortening, but in
relatively small groups of patients.8,10,11,22,23 Given the
increasing penetration of CMR into cardiovascular and HC
practice, we have taken this opportunity to use contemporary,
high-resolution, 3-dimensional tomographic reconstruction
imaging to study LA functional and volumetric measures and
more reliably define novel markers.

CMR has already demonstrated substantial value for pa-
tients with HC 24,25 in identifying unusual patterns of LV
hypertrophy,24 apical aneurysms,25 myocardial fibrosis as
LGE (for sudden death risk stratification),26 and papillary
muscle structure for pre-myectomy assessment,24 in addition
to mitral valve abnormalities responsible for outflow
obstruction.27

Indeed, in the present study, we have expanded the
application of CMR to HC and identified potentially useful
predictive measures for susceptibility to the onset of clini-
cally overt AF. Such information can easily be translated
into the clinical arena, with substantial value for counseling
patients regarding their natural history and clinical course,
and thereby potentially impacting the timing of treatment
options.

Using our prospective subset without a history of AF
preceding study entry, LA contractility (expressed as LAEF
�38%) and LA volume (expressed as LAEDV �118 ml)
proved to be independent predictors (and cut points) for
future clinical AF events. These were generally consistent
with observations in other conditions primarily using
echocardiography.28e30 Patient age (�40 years) was also
linked to the likelihood of AF occurrence. Notably, in the
present study, the calculated cut points for AF susceptibility,
in patients either with or without this arrhythmia previously,
are very similar.

It was not our intention to design a study comparing
CMR and echocardiographic assessments of LA chamber
volume and function in HC, given the increasing penetrance
of CMR into clinical HC practice and our expectation that
such contemporary imaging is the most accurate method for
making the quantitative measurements that constitute the
present data. Nevertheless, the biplane area-length method
used in the present CMR analysis incorporates similar
geometric assumptions used by 2-dimensional echocardi-
ography for assessing LA volumes. Consequently, the
principle reported here for susceptibility to AF could also be
applied (with echocardiography) to those patients with HC
having contraindications to CMR.

Also, the present study was not designed to systemati-
cally include asymptomatic episodes of AF detectable only
by ambulatory monitoring, and therefore, unavoidably we
did not assess overall AF burden. Finally, a number of other
variables previously linked in part to the development of AF
have not been interrogated here, for example, obesity, sys-
temic hypertension, sleep-disordered breathing, or diastolic
dysfunction. In contrast to previous investigators,22 we
found no consistent or clinically relevant relation between
the prevalence or extent of LGE and the occurrence of AF
and therefore could not support the hypothesis that LV
scarring is an important determinant of AF in HC.

Our findings that offer predictive information concerning
future occurrence of AF are highly relevant in clinical terms,
given the high frequency of this arrhythmia within the HC
clinical profile and its potential for adverse consequences.
Recognition of functional and structural LA remodeling in
these patients allows identification of those at risk before the
onset of AF, permits clinicians to be vigilant, and provides
the opportunity to anticipate timely and targeted treatment
options, as well as long-term management strategies
including prophylactic anticoagulation for stroke preven-
tion. These observations also add to the growing importance
attributed to CMR for assessing the diverse HC spectrum
and support greater application of serial imaging in the
comprehensive evaluation of these patients.
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