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Cardiology

Unusual clinical course

Advanced atrial remodeling, often associated with atrial fibrosis, may be accompanied by severe atrial electri-
cal dysfunction and a range of electrocardiographic and arrhythmic manifestations. Data on the clinical fea-
tures of this process are limited.

We report 3 patients with end-stage atrial myopathy and longstanding persistent or permanent atrial fibril-
lation (AF). One patient with extensive biatrial scar developed recurrent low-amplitude atrial tachycardias af-
ter AF ablation. Two patients demonstrated progression from AF to atrial standstill with junctional rhythms. In
both patients, serial ECGs showed loss of fibrillatory activity, and device interrogation demonstrated absent
atrial sensing and capture. One patient underwent pacemaker implantation without atrial lead placement, due
to the absence of atrial sensing or capture on electrophysiology mapping. Important coexisting substrates for
atrial remodeling included hypertrophic cardiomyopathy, mitral valve disease, and prior cardiac surgeries.
Patients with longstanding persistent or permanent AF may demonstrate distinct findings suggestive of ad-
vanced atrial myopathy, including loss of fibrillatory waves on ECG, low-amplitude atrial tachycardias, atri-
al standstill, junctional rhythms, absent atrial sensing or capture on device interrogation, and extensive atrial
scarring on electrophysiology mapping. Recognition of these clinical manifestations may provide insight into
advanced atrial remodeling and potentially inform AF ablation and atrial pacing strategies. Further studies are
needed to better define the mechanisms, prevalence, and clinical significance of these findings.
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Introduction

Atrial myopathy is defined as a complex of structural, architec-
tural, contractile, or electrophysiological changes affecting the
atria that can produce clinically relevant manifestations [1,2].
Atrial myopathy predisposes to atrial fibrillation (AF), while
AF may further accelerate the development and progression
of atrial myopathy [3].

Multiple electrocardiographic findings, together with imaging,
histological, and biological markers, have been incorporated
into proposed classification systems for atrial myopathy [4].
Some of the electrocardiographic features incorporated into
these frameworks include prolonged P wave duration, low P
wave voltage, abnormal P wave axis, increased P wave ter-
minal force in V1, and low-amplitude fibrillatory waves [4].
Although these electrocardiogram (ECG) findings aid in stag-
ing this condition, the electrocardiographic and clinical man-
ifestations of end-stage atrial myopathy in patients with AF
remain poorly characterized and may be underrecognized in
routine clinical practice.

In this 3-patient case series (Table 1), we use the term end-
stage atrial myopathy to describe atrial electrical and struc-
tural remodeling characterized by absent or markedly dimin-
ished atrial electrical activity on ECG, absent atrial sensing or
capture on device interrogation, and an extensive low-voltage
atrial substrate on electroanatomic mapping.

Case Reports

Patient 1

A 45-year-old man with longstanding persistent AF and pri-
or embolic strokes was referred to our electrophysiology (EP)
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clinic for further evaluation. He had been treated with rate
control, anticoagulation, and multiple prior electrical cardio-
versions at outside institutions. Baseline ECG showed AF with
fibrillary waves (Figure 1).

At presentation, the patient reported palpitations and exertion-
al dyspnea. Given persistent symptoms despite medical ther-
apy, AF ablation was pursued after shared decision-making.

During the procedure, electroanatomic mapping demonstrat-
ed AF with intermittently organized atrial activity and exten-
sive scar involving both atria. All 4 pulmonary veins showed
electrical conduction and were successfully isolated with cryo-
thermal ablation. Despite durable pulmonary vein isolation,
the patient remained in AF. Subsequent mapping identified
focal and micro-reentrant atrial tachycardias (ATs) involving
the mitral isthmus and anterior septum, which were targeted
with radiofrequency ablation. Sinus rhythm was restored af-
ter cardioversion and amiodarone administration.

After the procedure, the patient developed recurrent ATs.
Subsequently, sinus arrest and clinically significant bradyar-
rhythmia were observed, prompting permanent pacemaker im-
plantation (PPM). However, the contribution of amiodarone to
the bradyarrhythmia cannot be excluded. Device interrogation
confirmed the presence of ATs, and follow-up ECGs continue
to show low-amplitude ATs (Figure 2).

This case illustrates advanced atrial remodeling manifesting
as recurrent low-amplitude ATs after ablation in the setting
of extensive atrial scar.

Patient 2

A 42-year-old man with hypertrophic cardiomyopathy (HCM),
mitral valve disease status after mechanical valve replacement

Table 1. Summary of clinical characteristics of patients included in the case series.

Patient 1

Age, years 45

Electroanatomic mapping

Method for detecting atrial remodeling

Patient 2 Patient 3
42 69
""""""" male  Female
""""""" HCM, 5SS, valvular ~ HCM
disease
""""""" Stage3c  stagesc

Atrial standstill
Junctional rhythm

ECG, CIED interrogation ECG, CIED interrogation

Abbreviations: AF, atrial fibrillation; CIED, cardiac implantable electronic device; ECG, electrocardiogram; SSS, sick sinus syndrome;

HCM, hypertrophic cardiomyopathy; HTN, hypertension.
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Fibrillatory waves
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Figure 1. Baseline ECG from patient 1 demonstrating atrial fibrillation with fibrillatory waves in lead V1. The arrow indicates fibrillatory
waves.

Low-amplitude AT
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Figure 2. Follow-up ECG from patient 1 demonstrating atrial tachycardia (AT) following prior atrial fibrillation. The arrow indicates low-
amplitude AT.
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Figure 3. Baseline ECG from patient 2 demonstrating atrial fibrillation with fibrillatory waves in lead V1. The arrow indicates fibrillatory
waves.
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Figure 4. Follow-up ECG from patient 2 with ventricular-paced rhythm and absence of visible atrial activity. Atrial pacing spikes are
present without clear evidence of atrial capture. Device interrogation demonstrated absent atrial sensing or capture.

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]




SerpaF. et al:
Manifestations of end-stage atrial myopathy in patients with AF
© Am J Case Rep, 2026; 27: €953661

1 aVR ‘ | vi

]

;\' M~ /-/‘ e I\‘r/) o~

V3

—— T ————

Vi

|

.|

o e

Junctional rhytm

-~—~—..<\-——~'-\_~~__._v/”’\_ AL et e e o S et 4"---\_.__.,,4 =3 ‘/\/‘\_\’____Ji,_/\/\

s e

oot 7 v el i"“‘""“'"“‘-‘ v”“"""*--—'“‘r\/“"—' o A1) BN b e e
| | ViR i VAN ] !
:\'\/"’\"’\Jr\/'/\\,\\/}y\/\/’\' "’"va-—-—’"/ "._/,/./\A.’\,‘z'\/\,..-vq//\\*\

~—— .-wr/\/\.A_dr,\/vfoi,/v\.\.-..)r/\A_“;?__\/\,—dJFfv\v_ﬂ'm =2

]

u] |

.A/\_\

S| s R ——

1 t =

L

..4',_,,\/--——‘~

Figure 5. ECG from patient 3 demonstrating junctional rhythm without discernible atrial activity. At the time of permanent pacemaker
implantation, no atrial sensing or capture could be demonstrated despite assessment of multiple atrial sites.

and MAZE procedure, sick sinus syndrome with a dual-chamber
PPM, and longstanding persistent AF established care in our EP
clinic. Baseline ECG showed AF with fibrillary waves (Figure 3).

Approximately 1 year after initial assessment, he reported pro-
gressive dyspnea on exertion and chest pain. Transthoracic
echocardiography demonstrated a decline in left ventricular
ejection fraction (LVEF) from 51% to 30%-35%.

Device interrogation revealed a high ventricular pacing bur-
den. To minimize the potential contribution of right ventricu-
lar pacing to left ventricular dysfunction, the device was repro-
grammed to VVI 50. Subsequent follow-up showed symptom
improvement, a reduced ventricular pacing burden, and par-
tial recovery of LVEF. Several years later, the patient’s LVEF
declined again to 35% or lower; therefore, an upgrade to a
cardiac resynchronization therapy defibrillator was pursued.
Follow-up interrogation showed 99% biventricular pacing and
improved activity tolerance.

Serial ECGs demonstrated progression from longstanding AF
to atrial standstill (Figure 4), likely multifactorial, in the set-
ting of longstanding AF, other comorbidities, and cardiac his-
tory. The ECG showed periods of atrial pacing with apparent
non-capture, and device interrogation revealed poor atrial
sensing consistent with atrial electrical failure. AF ablation
options were discussed, but the patient elected to continue
medical management.

This work is licensed under Creative Commons Attribution-
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This case illustrates progression from longstanding AF to atri-
al electrical failure in a patient with multiple structural sub-
strates for severe atrial remodeling.

Patient 3

A 69-year-old woman with apical HCM and longstanding per-
sistent AF established care at our EP clinic. She had been treat-
ed with rate control and anticoagulation.

She presented with symptomatic bradycardia, reporting heart
rates in the 40s beats per minute. ECG showed a junctional
rhythm without apparent atrial activity (Figure 5). An event
monitor demonstrated baseline AF with 7 episodes of sus-
tained premature ventricular contractions and a peak heart
rate of 110 beats per minute, without critical events. She con-
tinued to report symptomatic bradycardia at follow-up visits.

Given persistent symptoms, PPM implantation was pursued.
During the procedure, no atrial sensing or capture was de-
tected despite assessment of multiple atrial sites, consistent
with atrial standstill. The absence of atrial electrical activity
was further supported by the pre-procedural ECG, which dem-
onstrated junctional rhythm without discernible atrial activity.
Because no atrial sensing or capture was identified, an atrial
lead was not implanted. The patient subsequently underwent
PPM implantation, with a right ventricular lead positioned in
the left bundle branch area and programmed to VVIR mode.
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Figure 6. Spectrum of electrocardiographic and arrhythmic manifestations of end-stage atrial myopathy in patients with longstanding

or permanent atrial fibrillation.
This case illustrates atrial standstill recognized during PPM

implantation, with absent atrial sensing and capture preclud-
ing atrial lead placement.

Discussion

In this 3-patient case series, we describe electrocardiographic
and arrhythmic manifestations of advanced atrial remodeling
in patients with longstanding persistent or permanent AF. In
these patients, end-stage atrial myopathy was characterized
by atrial electrical dysfunction manifested by absent or mark-
edly diminished atrial electrical activity on ECG, absent atrial
sensing or capture on device interrogation, and extensive atri-
al scar on electroanatomic mapping. These patients developed
distinct arrhythmic manifestations, including recurrent ATs,
atrial standstill, and junctional rhythms (Figure 6). Recognition
of these presentations may help identify patients with severe
atrial remodeling in routine clinical practice.

Fibrosis represents one of the central pathophysiological
substrates of atrial myopathy [5]. Prior studies have demon-
strated associations between atrial fibrosis and AF burden,
as well as progressive changes in atrial structure and func-
tion across the spectrum of AF [5,6]. At the same time, atrial
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remodeling may result from multiple processes, including
cardiomyopathies, valvular heart disease, prior cardiac sur-
gery, and other structural abnormalities. In our series, ad-
vanced atrial remodeling likely arose from several factors,
including AF and other coexisting substrates. Nonetheless,
our goal was to highlight possible signs of end-stage atrial
myopathy in patients with AF to help identify them during
standard clinical evaluations.

Advanced atrial remodeling can be identified using imaging,
device interrogation, and electroanatomic mapping. In our se-
ries, objective evidence of severe atrial disease included ab-
sent or markedly diminished atrial electrical activity on ECG,
absent atrial sensing or capture on device interrogation, atrial
standstill, and extensive atrial scar on electroanatomic map-
ping. These findings may represent distinct manifestations of
advanced atrial electrical dysfunction, potentially aiding phy-
sicians in early detection. However, the clinical implications of
these observations warrant further investigation.

Atrial myopathy has been increasingly recognized as an impor-
tant risk factor for stroke [7], whereas atrial fibrosis has been
associated with poor outcomes and recurrence following AF
ablation [8]. Recognition of the arrhythmic manifestations pre-
sented here may provide additional insight into the severity
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of atrial disease and could inform management. In patient 1,
extensive atrial scar was associated with recurrent low-ampli-
tude ATs despite ablation. In patients 2 and 3, atrial standstill
and atrial electrical failure were associated with impaired atri-
al sensing and capture, findings that influenced device man-
agement. Recognition of these features may help identify pa-
tients with advanced atrial disease in whom extensive atrial
scar or absent atrial electrical activity could affect procedural
considerations, including AF ablation and atrial lead implan-
tation, respectively. Moreover, identification of atrial standstill
has important implications for pacing strategy, as implanta-
tion of an atrial lead is often unsuccessful due to the absence
of atrial electrical activity [9]. Given the small sample size and
heterogeneous nature of this series, the prognostic and ther-
apeutic implications of these associations remain uncertain
and require validation in larger studies.

Collectively, this case series illustrates the clinical manifesta-
tions associated with advanced atrial remodeling. These obser-
vations suggest that loss of fibrillatory activity on ECG, atrial
standstill, and progression from AF to low-amplitude ATs and
junctional rhythms may serve as markers of atrial remodeling
and severe electrical dysfunction in selected patients. Further
studies are needed to better define the mechanisms, preva-
lence, and clinical significance of these findings.

This case series is limited by its small sample size, heteroge-
neous patient population, and lack of comprehensive atrial
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substrate characterization across all patients. Accordingly,
these findings should be considered hypothesis-generating,
educational, and descriptive and should be interpreted in the
context of the clinical observations presented.

Conclusions

In this case series, patients with longstanding persistent or
permanent AF demonstrated findings suggestive of advanced
atrial myopathy, including loss of fibrillatory activity on ECG,
low-amplitude ATs, atrial standstill, and junctional rhythms
detected on device interrogation and EP mapping. These ar-
rhythmic manifestations may reflect underlying advanced atri-
al remodeling; however, further studies are needed to validate
these observations.
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