
The diagnosis of atrial tachyarrhythmias-induced cardiomy-
opathy (CMP) can be challenging. It relies on ruling out 

other causes for heart failure, absence of left ventricular (LV) 
hypertrophy, relatively normal LV dimensions (LV end-diastolic 
dimension < 5.5 cm), recovery of LV function following rate 
control, and rapid decline in LV ejection fraction (EF) following 
a recurrence of tachycardia [1].

Atrial fibrillation (AFIB) can compromise LV systolic function 
through poor ventricular rate control (usually sustained ventricular 
rates above 120 beats per minute), irregularity of ventricular re-
sponse, and loss of atrial systolic activity. Loss of atrioventricular 
(AV) synchrony is associated with impaired diastolic filling, re-
duced stroke volume, and elevated diastolic atrial pressure, which 
can result in approximately 20% reduction in cardiac output [2]. In 
addition to the hemodynamic abnormalities associated with AFIB, 
the persistence of the arrhythmia can lead to myocardial dysfunc-
tion [3], similar to other arrhythmic causes of cardiomyopathy [4].

In 1995, Xiong et al. [5] demonstrated how the loss of A wave 
and change in venous flow patterns and transvalvular inflow ve-
locity followed by ventricular systolic dysfunction returns to nor-
mal following cardioversion (CV). Generally, right ventricular 
function recovered before the left ventricle. A recent interesting 
study demonstrated that the long-term improvement in EF follow-
ing AFIB cardioversion is 50% associated with the reversal of the 
hemodynamic abnormalities associated with AFIB (as appreciated 
by the relative improvement in LV function immediately post-car-
dioversion) and 50% with the gradual recovery from tachycardia 
related cardiomyopathy (as appreciated by the additional improve-
ment in EF noted 4-6 weeks after CV) [6]. A unique aspect of 
AFIB-related cardiomyopathy is that the irregularity of the R–R 
interval associated with AFIB may itself predispose patients to 
cardiomyopathy and heart failure, apart from the effects of rapid 
heart rates [3]. The importance of other factors beyond ventricular 
rate alone was also noted in focal atrial tachycardia, where a study 
noted that younger males, with slower tachycardias, and incessant 
tachycardias were more prone to reduce their LV function [4].



For patients who develop heart failure with reduced ejection 
fraction (HFrEF) as a result of AFIB with a rapid ventricular 
response, a rhythm control strategy is preferred according to 
the European Society of Cardiology (ESC) 2020 Guidelines for 
the Management of AFIB (Class I) [5]. This recommendation is 
based on a few small cohorts and trials showing improved LV 
function after the restoration of SR [7-11].

In the current study, we identified potential clinical and 
echocardiographic factors associated with improvement in LV 
systolic function following CV in patients with reduced EF that 
is mostly secondary due to AFIB or atrial flutter (AFL). Infor-
mation regarding this group of AFIB-related cardiomyopathy 
patients is lacking. A similar question has been studied before 
inpatients with supraventricular tachycardia (SVT) and dilated 
cardiomyopathy. In that study, the multivariable analysis found 
a lower LV end-diastolic dimension to be a significant predictor 
of LV recovery [12]. 

This retrospective study was conducted at the Rambam Medical 
Health Care Campus in Haifa, Israel. Rambam is a 1000-bed 

academic hospital serving over 2 million residents in northern 
Israel with 80,000–90,000 hospitalizations annually. 

A total of 9158 transesophageal echocardiography (TEE) ex-
ams were performed between 1 April 2009 and 30 June 2019 at 
Rambam, of which1488 were performed while the patient was 
in AFIB or AFL. Among them, 610 of the patients underwent 
examinations to rule out left atrial appendage thrombus before 
CV or catheter ablation procedure. Of 610 patients, 86 fulfilled 
all the inclusion criteria and none of the exclusion criteria. See 
Figure 1 for the entire excluded population. Some patients ful-
filled more than one exclusion criteria.

Patients undergoing CV for AFIB or AFL with evidence for 
reduced LV systolic function during AFIB, baseline documen-
tation preserved LV function (LVEF over 50%) in SR in the pre-
vious year before index admission without evidence of other 
potential causes for LV deterioration until AFIB admission, and 
subsequent LV function improvement following successful CV 
and return to SR up to one year following cardioversion. LVEF 
return to baseline was defined as a return to LVEF above 50%. 

•  Normal LV systolic function per echocardiography during 
AFIB or AFL

•  Heart failure secondary to other etiologies, such as valvular 
heart disease

• Lack of follow-up echocardiographic examination in SR
•  Failed CV, failure to perform TEE, or decision not to per-

form CV due to clinical contraindication or due to the treat-
ing physician decision

• Baseline LV dysfunction during SR
The following data were retrieved from the electronic med-

ical records of the patients: Demographics, co-morbidities, lab-
oratory findings at admission during AF: plasma creatinine and 
eGFR (which was calculated using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation), hemoglo-
bin, and medications.

The data were retrieved from transthoracic echocardiography 
(TTE) results in SR before the index event, TEE reports during 
AFIB or AFL before CV, and from TTE reports in SR in the 
follow-up period. Follow-up TTE was performed the following 
year after CV. From the initial report during AFIB or AFL the 
following data was collected: left and right ventricular systolic 
function, valvular abnormalities, and left atrial size. From the fol-
low-up TTE, LV systolic function was retrieved. Due to differ-
ences in measurement techniques between exams (TEE vs. TTE), 
semi-quantitative parameters were used. Therefore, chamber 



function, size, and enlargement are depicted in classes divided 
into normal, mild, moderate, and severe and according to guide-
lines. Normal LV function was defined as LVEF of 50% or above.

Baseline characteristics were summarized using descriptive 
statistics. Categorical variables were compared using Pearson's 
chi-square test or Fisher’s exact test, while continuous variables 
were compared using the -test or the Mann-Whitney U test, as 
appropriate. Variables found significant on univariate analysis 
(  < 0.05) were entered into a multivariate backward stepwise 
logistic regression analysis. Variables not contributing to the 
model’s predictive ability or with too many missing values were 
excluded from the final model. < 0.05 was considered to be 
statistically significant. Statistical analyses were performed us-
ing IBM Statistical Package for the Social Sciences statistics 
software, version 23 (SPSS, IBM Corp, Armonk, NY, USA).

The study was approved by the Institutional Review Board at 
Rambam Health Care Campus. The need for written informed 
consent was waived due to the retrospective nature of the study.

Eighty-six patients were included in the final analysis as shown 
in Figure 1. All had AFIB or AFL and evidence of reduced LV 
systolic function that improved following return to SR. Thus, 
they were defined as presenting with LV function deterioration 
related to AFIB or AFL. For 55 patients (64%) there was doc-
umentation by follow-up TTE that ventricular function recov-
ered to baseline, while the rest displayed only partial recovery 
of their LV function. Comparing these two groups, we found no 
difference in baseline demographics and risk factors except for 
the history of IHD that was more prevalent among those who 
did not return to baseline EF [Table 1].

The proportion of patients with AFIB (relative to AFL) was 
similar between the two groups, as was the percentage of pa-
tients treated with catheter ablation. Patients who did not re-
turn their LV function completely to baseline values were more 
likely to be treated with beta-blockers, RAAS inhibitors, and 
rhythm control, although the difference did not lead to statistical 
significance. 

Importantly, patients who did not return their EF to baseline 
had worse LV function during AFIB or AFL compared to the 
group of patients with full recovery of their LV function [Table 
2]. Patients from the former group were also more likely to have 
enlarged LV and slower ventricular response during TEE but 
with no other significant differences in left atrial (LA) size or 
valvular disease [Table 2]. 

As shown in Table 2, when comparing the follow-up TTE in 
SR, follow-up echo was conducted in a similar follow-up time with 

no difference in LV and LA size. Regarding filling pressures, LAD 
size and E/E’ were higher but with no statistical significance and 
E/A was higher for patients who did not return LVEF to baseline. 

Table 3 shows the independent factors associated with LV 
function recovery following CV using multivariant analysis. 
Notice that younger patients, a history of IHD, larger LV size, 
and more significant deterioration of EF during AFIB or AFL 
were less likely to recover their EF to the previous normal base-
line after returning to SR. 

During the study period, we examined 86 patients treated for 
AFIB or AFL with electrical CV or catheter ablation. All pa-
tients had improvement of LV function (as assessed by EF) and 
thus were included in the analysis. Of this cohort of patients, on-
ly 55 patients (64%) had completely restored their LV function 
to baseline (normal value) as was registered before the episode 
of atrial tachyarrhythmia. 



Patients with worse LV function and larger LV size during AFIB 
or AFL were less likely to return to baseline LV function. Similarly, 
the multivariant analysis revealed that younger patients with slow-
er ventricular response during AFIB, a history of IHD, larger LV 
size, and more significant deterioration of EF during AFIB or AFL 
were less likely to recover their EF to baseline values.

Information regarding predictors for improvement of LVEF 
in AFIB or AFL-related cardiomyopathy is lacking. A small 
cohort of patients with heart failure presumed to be related to 
AFIB showed that left atrial enlargement is more prevalent 
in patients who do not improve their EF following CV [13]. 

In our study, the group that did not improve LVEF to normal 
had only a relative increase in LA size (36% vs. 26%, 
during TEE and in follow-up TTE (26.5 mm2 vs. 25.5 mm2, 

but without statistical significance, and E/A, which was signifi-
cantly higher. 

Zimmermann et al. [6] followed 73 patients after electrical 
CV showing the LVEF improvement is partially immediate after 
CV and continues for 4 to 6 weeks. The improvement is charac-
terized by LVEF and stroke volume improvement.

The improvement in LV function following the restoration 



of SR in patients with AFIB and reduced EF was demonstrated 
in several studies [11,14,15]. In the PABACHF trial, an ablation 
strategy was superior to a pace and ablate strategy with signifi-
cantly more patients improving their EF (76% vs. 25%) [11]. In 
the CAMERA-MRI study, which included only patients with per-
sistent AFIB and idiopathic CMP, 58% of patients had normal-
ization of EF after AFIB ablation, compared with 9% of patients 
receiving pharmacological rate control alone [14]. Similarly, the 
CAMTAF trial showed a total of 9% improvement in mean EF af-
ter ablation after 6 months. Patients who returned to normal LVEF 
were less likely to have a history of IHD [15], a similar finding that 
we found in our study. However, the AMICA trial showed limited 
ablation benefit in patients with seriously advanced HF [16].

The remodeling process during AFIB-related HF affects both 
the left atrium and ventricle [17-19]. As a result the ventricular 
remodeling and dilatation is a significant independent predictor 
of mortality in patients with AFIB, especially those managed 
with rhythm control and portends higher cardiovascular mor-
bidity in patients with AFIB and HF [17,18]. It is also in line 
with our study results showing that LV enlargement is associat-
ed independently with incomplete resolution of LVEF after CV. 

A previous study demonstrated that there is a ventricular re-
modeling process that may signify that these patients have been 
suffering from atrial arrhythmia for a long period before the diag-
nosis of AFIB or AFL and dilated CMP with reduced LVEF [19]. 
Probably the longer the duration of AFIB that is causing LV en-
largement and systolic dysfunction, the possibility of subsequent 
recovery of LV function is scanty after the restoration of SR. 

There is evidence that after CV there is a process of reverse 
remodeling, starting in the improvement of atrial and ventricular 
volumes [20,21] and hemodynamic improvement [6]. Despite 
this evidence, there may be a persistent impairment to the myo-
cardium both structurally and functionally [22], which may pre-
dispose patients for future LV function impairment regardless 
of recurrence of atrial tachyarrhythmia. In our study we found 
that patients who did not recover their LV function after CV or 
catheter ablation had worse LV function and larger LV dimen-
sions during the atrial arrhythmia in comparison to the group 
of patients with full recovery of their LV function, maybe as a 
marker of a longer period of arrhythmia and a more pronounced 

process of LV remodeling.
Should we treat AFIB-induced cardiomyopathy like HFrEF 

regardless of LV function recovery after CV? Is AFIB a marker 
of silent heart failure in patients with cardiomyopathy? If not, 
should we treat these patients as HFrEF for an undetermined 
time, even if EF is eventually improved? 

To emphasize the need to treat AFIB induced cardiomyopa-
thy with rhythm control strategy and especially with catheter ab-
lation, Prabhu et al. [23] demonstrated that after AFIB ablation 
and despite optimal heart failure treatment, patients treated with 
catheter ablation compared with those treated with rate control 
only, had improvement in LVEF, improvements in ventricular 
and atrial chamber dimensions and regression of LV fibrosis 
demonstrated by cardiac magnetic resonance imaging. 

Data regarding heart failure medications in the treatment 
of AFIB-related cardiomyopathy are largely based on post hoc 
analysis of existing heart failure trials, while randomized con-
trolled trials focusing on AFIB-related cardiomyopathy and 
heart failure are lacking [22]. Different medical approaches of 

-
ers did not affect mortality in HFrEF patients with AFIB, al-

reduced mortality [24]. Animal studies and clinical trials sug-
gest that angiotensin-converting enzyme inhibitors (ACEI) may 
attenuate atrial fibrosis and reduce AFIB burden suggesting a 
role in treatment, regardless of ventricular function [25].

In our study, most of the patients were treated with optimal 
HF medical treatment. As shown, the group that did not return 
to normal LVEF after CV had a high treatment percentage of 
standard heart failure medications as recommended by ESC 
guidelines but without statistical significance comparing with 
the other group. On one hand, the group of patients that did not 
show LV recovery after CV is likely to be considered typical 
heart failure patients as most of them presented with a history of 
IHD and probably ischemic cardiomyopathy, which was treated 
medically. On the other hand, the group that did return LVEF to 
baseline after CV was less likely to be medically treated for HF, 
and is probably true AFIB induced cardiomyopathy. That might 
also explain the higher ventricular response rates in that group.

The present study is retrospective in nature and focuses only 
on a small sample of patients. The echocardiographic exam 
was performed by five different physicians who may differ in 
their interpretation of the exams. This follow-up is also relevant 
to the follow-up echo exams. The LV function was estimated 
during AFIB or AFL using TEE, which is not the preferred mo-
dality for this specific evaluation compared to TTE. TTE was 
not available for most patients during AFIB and therefore was 
not presented in the results. Because the time of AFIB begin-
ning is difficult to determine only patients with documentation 
of LVEF according to TTE while in sinus rhythm were included.



Patients with worse LV function and larger LV during AFIB or 
AFL are less likely to return their baseline LV function follow-
ing the restoration of SR. On one hand, this finding might be 
related to under-diagnosed primary or ischemic cardiomyopa-
thy and on the other hand may suggest that the earlier you treat 
AFIB or AFL with reduced EF, the better. 

Neutralizing antibodies are a key defense against severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Many neutralizing antibodies target the region of the viral 
spike protein that is involved in binding to the human ACE2 
receptor, known as the receptor binding motif (RBM). This 
region of the protein is divergent between SARS-CoV-2 
variants, leading to failure of existing monoclonal antibody 
treatments and evasion of antibodies elicited by previous 
infection or vaccination. Park et al. described a monoclonal 

antibody that neutralizes a broad range of sarbecoviruses, 
including both the 2003 SARS-CoV and SARS-CoV-2. 
This antibody also binds in the RBM but targets residues 
that are more conserved because they are involved in 
ACE2 binding. The antibody protects against the SARS-
CoV-2 Beta variant, and none of the individual mutations 
in the Omicron variant affected antibody binding.


