
STATE-OF-THE-ART PAPER

Left Atrial Reverse Remodeling
Mechanisms, Evaluation, and Clinical Significance

Liza Thomas, MBBS, PHD,a Walter P. Abhayaratna, MBBS, PHDb

JACC: CARDIOVASCULAR IMAGING CME

CME Editor: Ragavendra R. Baliga, MD.

This article has been selected as this issue’s CME activity, available online

at http://www.acc.org/jacc-journals-cme by selecting the CME tab on the

top navigation bar.

Accreditation and Designation Statement

The American College of Cardiology Foundation (ACCF) is accredited by

the Accreditation Council for Continuing Medical Education (ACCME) to

provide continuing medical education for physicians.

The ACCF designates this Journal-based CME activity for a maximum of

1 AMA PRA Category 1 Credit(s) �. Physicians should only claim credit

commensurate with the extent of their participation in the activity.

Method of Participation and Receipt of CME Certificate

To obtain credit for this CME activity, you must:

1. Be an ACC member or JACC: Cardiovascular Imaging subscriber.

2. Carefully read the CME-designated article available online and in this

issue of the journal.

3. Answer the post-test questions. At least 2 out of the 3 questions

provided must be answered correctly to obtain CME credit.

4. Complete a brief evaluation.

5. Claim your CME credit and receive your certificate electronically by

following the instructions given at the conclusion of the activity.

CME Objective for This Article: After reading this article the reader

should be able to: 1) evaluate LA remodeling and reverse remod-

eling of the left atrium using structural (volume) and functional

metrics in the context of clinical scenarios; 2) compare the various

noninvasive imaging modalities—echocardiography, cardiac CT and

MR—in the evaluation of left atrial remodeling; and 3) understand

the potential for cardiac imaging to evaluate atrial fibrosis.

CME Editor Disclosure: JACC: Cardiovascular Imaging CME Editor

Ragavendra R. Baliga, MD, has reported that he has no relationships

to disclose.

Author Disclosure: Both authors have reported that they have no

relationships relevant to the contents of this paper to disclose.

Medium of Participation: Print (article only); online (article and quiz).

CME Term of Approval

Issue Date: January 2017

Expiration Date: December 31, 2017

From the aWestmead Hospital, Westmead Clinical School at University of Sydney and South West Sydney Clinical School at

University of NSW, Sydney, Australia; and the bCanberra Hospital, College of Medicine, Biology and Environment, Australian

National University, Canberra, Australia. Both authors have reported that they have no relationships relevant to the contents

of this paper to disclose.

Manuscript received August 3, 2016; revised manuscript received October 31, 2016, accepted November 3, 2016.

J A C C : C A R D I O V A S C U L A R I M A G I N G V O L . 1 0 , N O . 1 , 2 0 1 7

ª 2 0 1 7 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N

P U B L I S H E D B Y E L S E V I E R

I S S N 1 9 3 6 - 8 7 8 X / $ 3 6 . 0 0

h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 6 . 1 1 . 0 0 3

http://www.acc.org/jacc-journals-cme
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcmg.2016.11.003&domain=pdf
http://dx.doi.org/10.1016/j.jcmg.2016.11.003


Left Atrial Reverse Remodeling

Mechanisms, Evaluation, and Clinical Significance

Liza Thomas, MBBS, PHD,a Walter P. Abhayaratna, MBBS, PHDb

ABSTRACT

The left atrium is considered a biomarker for adverse cardiovascular outcomes, particularly in patients with left

ventricular diastolic dysfunction and atrial fibrillation in whom left atrial (LA) enlargement is of prognostic importance.

LA enlargement with a consequent decrease in LA function represents maladaptive structural and functional

“remodeling” that in turn promotes electrical remodeling and a milieu conducive for incident atrial fibrillation. Medical

and nonmedical interventions may arrest this pathophysiologic process to the extent that subsequent reverse remodeling

results in a reduction in LA size and improvement in LA function. This review examines cellular and basic mechanisms

involved in LA remodeling, evaluates the noninvasive techniques that can assess these changes, and examines potential

mechanisms that may initiate reverse remodeling. (J Am Coll Cardiol Img 2017;10:65–77) © 2017 by the American

College of Cardiology Foundation.

E valuation of the left atrium as a cardiovascular
biomarker (Central Illustration) has become
increasingly important, particularly in 2 com-

mon clinical scenarios; namely, left ventricular (LV)
diastolic dysfunction (1) and atrial fibrillation (AF) (2),
both associated with left atrial (LA) enlargement. LV
diastolic dysfunction is acknowledged to be the pre-
dominant pathophysiological mechanism in patients
with heart failure with preserved ejection fraction
and in hypertrophic and infiltrative cardiomyopathies.
AF is the most common clinical arrhythmia, with evi-
dence from the Framingham study to suggest there is
a lifetime risk of 25% for the development of AF in indi-
viduals >40 years of age (3). Additionally, chronic car-
diovascular conditions including systemic
hypertension, ischemic heart disease, and heart failure
cause LA enlargement and increase the risk of devel-
oping AF (4). Mitral valve disease, although less com-
mon, causes LA remodeling from pressure or volume
overload (5). Timely intervention for patients with
these conditions may arrest and perhaps reverse LA
remodeling with a consequent reduction in LA size
with improved function. This review examines cellular
and basicmechanisms that are involved in LA remodel-
ing, evaluates the noninvasive techniques that can
assess these changes, and examines potential mecha-
nisms that may initiate reverse remodeling.

LA REMODELING:

ETIOLOGY AND MECHANISMS

Atrial remodeling is a time-dependent response of
cardiac myocytes to varying “stressors” including

electrical, mechanical, and metabolic stressors (6).
Remodeling is a complex process that is poorly un-
derstood, but it is defined as a persistent change in LA
size or function (2,7). In a broad clinical context, atrial
remodeling is largely due to the development of rapid
atrial tachyarrhythmias or consequent to alteration in
atrial structure secondary to pressure or volume
overload. Pressure and/or volume overload may result
from a variety of causes including cardiomyopathies
with consequent diastolic dysfunction, heart failure,
or valvular heart disease. The magnitude of LA struc-
tural or functional alteration varies and is dependent
on the type, severity, and duration of exposure to the
varying external stressors. Additionally, some com-
ponents of the LA alterations are reversible (adaptive)
whereas others are permanent (maladaptive).

The process of atrial remodeling has been attributed
to a variety of pathophysiologic processes (8). Inter-
estingly, it appears that LA remodeling results in
metabolic changes with a shift in energy source to fetal
glycolysis via beta oxidation of fatty acids (9) with a
consequent reduction in energy production. At a
neurohormonal level, increases in atrial and brain
natriuretic peptides (10,11), angiotensin II (Ang II) (12),
transforming growth factor beta (13), and aldosterone
(14) have been described. Additionally, Ang II, aldo-
sterone, transforming growth factor beta, and platelet-
derived growth factor (15) all promote atrial fibrosis.
Systemic inflammation, mediated by C-reactive pro-
tein, interleukins, and cytokines may additionally
contribute to the remodeling process (16,17).

Acute atrial remodeling that occurs within 1 week
of exposure to stressors is often reversible (18,19).
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