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Introduction
As reflected in multiple society guidelines1, ventricular rate control 

has been the bedrock therapy for patients with atrial fibrillation 
(AF) and heart failure. Several landmark trials have shown that rate 
control is equivalent in efficacy, if not better, to rhythm control2.
However, there is a cohort of patients who present with controlled 
ventricular rate (CVR) and new-onset cardiomyopathy (CM). We 

were interested in investigating whether there are any differences 
in demographics, clinical presentation, electrocardiographic (EKG) 
characteristics, real-world treatment patterns, and outcomes between 
patients who present with new-onset CM and AF with CVR 
(defined as ≤100 beats per minute, CVR-CM) or rapid ventricular 
rate (>100 beats per minute, RVR-CM).

Methods
This study was approved by the Aurora Institutional Review Board.

Study Population and Data Collection
Patients with CM, defined as a left ventricular ejection fraction 

≤40%, were identified from electronic medical records (EPIC, Verona, 
WI) in the Aurora Health Care system from January 1, 2012 to 

www.jafib-ep.com Volume 15 Issue 6 | Nov 2022

Abstract
Background: There is deficient literature comparing patients with atrial fibrillation (AF) who present with rapid ventricular rate (RVR) versus 

controlled ventricular rate (CVR) associated with new-onset heart failure. 

Purpose: This study aimed to evaluate patients with new-onset cardiomyopathy (CM) and a concomitant or preceding history of AF and 
compare patients with CVR (≤100 bpm) to those with RVR (>100 bpm).

Methods: Patients with newly diagnosed CM, defined as a left ventricular ejection fraction ≤40%, were identified from our healthcare 
database and divided into two groups: those with a ventricular rate ≤100 bpm (CVR-CM, n=79) and those with a ventricular rate >100 bpm 
(RVR-CM, n=117). 

Results: In the CVR-CM group, 48.1% of patients presented with atypical and vague complaints compared to 25.6% (p=0.0012) in the 
RVR-CM group. CVR-CM patients rarely complained of typical symptoms of palpitations (5.1%). The incidence of low voltage on surface 
electrocardiography (EKG; 50.6% vs 31%, p=0.0213) and QRS widening (31.7% vs 15.4%, p=0.007) was greaterin the CVR-CM group. History 
of coronary artery disease (41.8% vs 28.2%, p=0.048), history of percutaneous coronary intervention (27.9% vs. 12%, p=0.049), and male 
sex (70.9%) were more common in the CVR-CM group. Mortality was worse in patients with CVR-CM (38% vs 29%, p=0.048), but those who 
underwent rhythm control either by cardioversion or ablation had a much better prognosis. 

Conclusion: There are significant differences in clinical presentation, EKG characteristics, history of coronary artery disease, and outcomes 
between patients who present with new-onset CM and CVR and new-onset CM and RVR. 
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September 30, 2016. Both inpatients and outpatients were included. 
Patients with any previous evidence of CM based on office notes 
and/or cardiac imaging were excluded. Patients with a pre-existing 
or concomitant diagnosis of AF were identified. Their presenting 
ventricular rate in AF was collected based on either the 12-lead surface 
EKG or rhythm strip that was obtained closest to their diagnosis 
of CM. Patients with a pre-existing cardiovascular implantable 
electronic device were excluded, as were patients with a history of 
any other dysrhythmia, including frequent premature ventricular 
contractions. Additional exclusion criteria were unreadable or poor-
quality echocardiography, mortality during inpatient admission, and 
presence of congenital heart disease (Figure 1).

Although a rate <110 bpm is generally considered acceptable 
for lenient rate control, we used a cut-off of 100 bpm because we 
evaluated ventricular rate by EKG, which is a snapshot of ventricular 
rate at rest and therefore has somewhat limited accuracy in predicting 
ambulatory rates. To decrease the likelihood that patients who had 
rapid rates at baseline would be erroneously classified in the category 
of controlled ventricular rate, we made the rate cut-off slightly more 
stringent.

Statistical Methods
All categorical and continuous variables were described using 

appropriate descriptive statistics. For example, all categorical 
variables—such as sex, race, tobacco and alcohol use, hypertension, 
history of percutaneous coronary intervention (PCI), hyperlipidemia, 
coronary artery disease (CAD), diabetes mellitus, history of drug 
abuse, outpatient diagnoses (congestive heart failure and others), 
mortality, categories of EKG characteristics, and real-world 
treatment received—were described as frequencies and percentages; 
whenever appropriate, chi-square and/or Fisher’s exact test were used 
to compare the CVR-CM and RVR-CM groups. All continuous 
variables—such as age, body mass index, left ventricular ejection 
fraction on diagnosis, and follow-up in years—were described as 
mean±standard deviation; the mean values of these variables for the 
CVR-CM and RVR-CM groups were compared using t test for 

independent samples. For all statistical tests, an alpha of 0.05 was 
used, and all statistical analysis was done using SAS version 9.4 (SAS 
Institute, Cary, NC).

Results
Absence of Typical Symptoms Common in Patients with 
CVR-CM

In the CVR-CM group, 48.1% of patients presented with atypical 
symptoms, including falls, tiredness, or “just not feeling right,” or were 
diagnosed incidentally while being evaluated for some other medical 
problem (Figure 2). Initial presentation with symptoms of acute 
or sub-acute congestive heart failure, such as shortness of breath, 
orthopnea, weight gain, and leg swelling, was more common in the 
RVR-CM group than the CVR-CM group (74.4% vs 51.9%, Table 
1). Almost half the patients in the CVR-CM group were diagnosed 
as an outpatient (43%, Figure 2), whereas more than two-thirds of 
the patients in the RVR-CM group (69.2%) presented acutely to the 
hospital.

Palpitations, considered a defining symptom of AF, were an 
uncommon presenting symptom in both groups but were virtually 
absent in the CVR-CM group: only 4 (5.1%) patients in the CVR-
CM group complained of palpitations compared to 19 (16.2%) in the 
RVR-CM group (Table 1).

Differences by Sex
Males constituted a majority in both groups but were more likely 

to present with CVR: 70.9% of patients in the CVR-CM group were 
male compared to 58.1% of patients in the RVR-CM group (Table 

Figure 1: Study design.

Table 1: Demographic and clinical characteristics.

Characteristics CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P-value

Age, y 73.7 ± 11.2 73.4 ± 12.7 0.86

BMI, kg/m2 31.9 ± 8.9 31.2 ± 7.8 0.58

Male sex 56 (70.9) 68 (58.1) 0.07

Tobacco/alcohol use 45 (57.0) 74 (63.2) 0.38

Hypertension 55 (69.6) 83 (70.9) 0.84

Diabetes mellitus 27 (34.2) 32 (27.3) 0.31

Hyperlipidemia 44 (55.7) 71 (60.7) 0.49

Coronary artery disease 33 (41.8) 33 (28.2) 0.05

History of PCI 22 (27.9) 14 (12.0) 0.005

History of drug abuse 2 (2.6) 2 (1.7) 0.69

Presenting symptoms

  Congestive heart failure 41 (51.9) 87 (74.4)
0.001

  Others/unknown 38 (48.1) 30 (25.6)

Outpatient diagnosis 34 (43.0) 36 (30.8) 0.08

Palpitations on presentation 4 (5.1) 19 (16.2) 0.02

LVEF on diagnosis 31.9 ± 6.8 27.9 ± 7.8 0.0002

Follow-up, y 1.9 ± 1.3 2.2 ± 1.4 -

Mortality 30 (38.0) 29 (24.8) 0.05

Data presented as mean±standard deviation or n (%).
BMI, body mass index; CM, cardiomyopathy; CVR, controlled ventricular rate; LVEF, left ventricular 
ejection fraction; PCI, percutaneous coronary intervention; RVR, rapid ventricular rate.
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1), though this did not reach statistical significance (p=0.069).

Increased Incidence of Structural Heart Disease with CVR
History of CAD and PCI were more common in patients with 

CVR-CM (41.8% vs 28.2% for CAD, 27.9% vs 12% for PCI[Table 
1]). However, it is interesting to note that despite having a higher 
incidence of CAD and previous PCI, patients with CVR were less 
likely to undergo ischemic evaluation with a coronary angiogram 
than patients with RVR (33.8% vs 47.3%, Table 2). When coronary 
angiography was performed, the incidence of acute stenosis requiring 
intervention was higher in the CVR-CM group than the RVR-CM 
group (38.5% vs 15%, p=0.02, Table 2).

Differences on Surface EKG
There were marked differences on surface EKG in patients who 

presented with CVR-CM vs RVR-CM. The incidence of QRS 
widening, as evidenced by either a left or right bundle branch block, 
was much higher in patients who presented with CVR-CM than 
those who had RVR-CM (31.7% vs 15.4%, p=0.007, Table 3). 
Utilizing the Sokolow-Lyon criteria, more than half the patients 
in the CVR-CM group had low voltage on surface EKG compared 
to less than a third in the RVR-CM group (50.6% vs 31%, p=0.02, 
Table 3).

Rhythm Control Strategy
A minority of patients in the CVR-CM cohort underwent 

a rhythm control strategy utilizing a cardioversion or ablation 
procedure. Older patients and those with a history of CAD were 
less likely to undergo a rhythm control strategy. The patients who 
underwent these interventions had a much better prognosis, though 
there were significant baseline differences between the two groups 
(Table 4).

Prognosis 
The prognosis was poor in both groups but worse in the CVR-

CM group, with 38% mortality at a mean follow-up of 1.86 years; 
there was a significantly lower incidence of death, 24.8% (p=0.048), 
in the RVR-CM group despite a slightly longer follow-up of 2.17 
years (Table 1, Figure 2). The patients in the CVR-CM group who 
underwent a rhythm control strategy with cardioversion or ablation 
had a mortality rate of 14.3% compared to 48.3% in those who did 
not undergo these procedures (Table 4). 

Discussion

Presentation with More Atypical, Vague Symptoms
Almost half the patients (48.1%) in the CVR-CM group presented 

with atypical and vague complaints such as tiredness, falls, or “just not 
feeling right.” It is increasingly being recognized that heart failure 
may present with heterogenous symptoms3. A significant percentage 
of patients in the CVR-CM group (43%) were initially diagnosed in 
the outpatient setting (Figure 2) rather than presenting acutely to the 
hospital. Possible reasons for this observation are:

1) The pace of myocardial damage might have slowed down in 
AF with CVR, giving the body’s homeostatic mechanisms time to 
compensate for the evolving structural and physiological changes.

2) Patients who present with CVR are less likely to raise a “red 
flag” when their vital signs are recorded by health care providers, 
especially in the primary care office where routine EKGs are not 
often performed.

Figure 2: Prototypical characteristics of patients with controlled 
ventricular rate-cardiomyopathy (CVR-CM).

Table 2: Electrocardiographic characteristics. 

Characteristic CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P value

Bundle branch block

  None 54 (68.3) 99 (84.6) 0.01

  Either left or right 25 (31.7) 18 (15.4)

Low voltage 40 (50.6) 36 (31.0) 0.02

Data presented as n (%).
CM, cardiomyopathy; CVR, controlled ventricular rate; RVR, rapid ventricular rate.
Sokolow-Lyon criteria used to calculate voltage. Voltage complete by measuring largest S-wave in 
V1 lead and adding to the largest R wave in lead V5 or V6. 

Table 3: Real-world treatment patterns. 

Characteristic CVR-CM group 
(n = 79)

RVR-CM group 
(n = 117)

P value

Cardiac catheterization 26 (32.9) 53 (45.3) 0.08

Percutaneous coronary 
intervention

10 (12.7) 8 (6.8) 0.17

PCI for diagnostic catheterization 10 (38.5) 8 (15.1) 0.02

DCCV 21 (26.6) 43 (36.7) 0.14

Catheter ablation 3 (3.8) 14 (12.0) 0.05

Cardiology consult 72 (91.1) 106 (90.6) 0.90

Electrophysiology consult 31 (39.2) 58 (49.6) 0.15

Data presented as n (%).
CM, cardiomyopathy; CVR, controlled ventricular rate; DCCV, direct current cardioversion; PCI, 
percutaneous coronary intervention; RVR, rapid ventricular rate.
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3) Pacing-induced AF has been shown to damage the SA node4; it 
is possible that AF is causal in damaging the AV node as well. AF has 
been shown to cause concealed conduction in the AV node5 without 
transmitting those impulses to the ventricle. Recurrent episodes of 
paroxysmal or persistent AF with rapid conduction to the AV node 
may have caused damage to the AV node over time and led to a 
slower ventricular rate. 

4) Animal models of tachycardia-induced CM have shown 
that recovery from supraventricular tachycardia is marked by an 
increase in the amount of collagen in the heart with a distortion of 
myocardial microarchitecture6,7. There is no robust animal model for 
AF-induced CM8. However, it can be hypothesized that in CVR-
CM there is a repetitive cycle of myocardial injury and healing, 
with intermittent tachycardia, irregular R-R intervals, resultant 
neurohormonal activation, or unknown mechanisms causing injury 
while the CVR assists in the process of myocardial repair. Successive 
cycles of injury and repair can lead to progressively larger amounts 
of extracellular matrix (ECM) being deposited in the myocardium 
(Figures 4 and 5). This can be considered akin to a layered phenotype 
of atherosclerosis, in which repetitive subclinical plaque rupture, 
thrombosis, and spontaneous thrombolysis with recanalization of 
the artery leads to “layers” of atherosclerotic plaques with fibrosis9,10. 
The deposition of ECM with AF in a “layered” phenotype with 
CVR-CM may cause sinoatrial node dysfunction (which has been 
demonstrated in pacing-induced AF animal models)4, intra-atrial 
conduction delay, and AV nodal as well as Infra-Hisian pathology.
Based on animal models of recovery in tachycardia-induced CM, 
the underlying pathophysiology of CVR-CM may be a collagenous 
infiltrative CM as the CVR may provide some opportunity for 
“recovery.”  Whether that is the case or not, CVR-CM does seem to 
share several clinical features with the prototypical infiltrative CM, 
amyloid CM, as we will discuss in our paper. Studies have shown that 
infiltrative myocardial diseases like amyloid CM can cause damage 
to the conduction system by involving the His-Purkinje system11, 
which can significantly decrease the achievable peak ventricular rate; 
a similar process may be occurring in the CVR-CM cohort. 

3) With vague symptoms like tiredness and fatigue, which on first 
blush appear to be non-cardiac, the diagnosis of AF, and even heart 
failure, can be missed, especially in an older population.

Why is Ventricular Rate Controlled Despite Patients Being 
in AF? (Figure 3)

There are several conceivable mechanisms for ventricular rate being 
slow in patients with CVR-CM:

1) Damage to the conduction system may have occurred prior to 
the development of AF owing to a variety of reasons, e.g., CAD or 
aging, causing a slow ventricular rate with AF.

2) Utilization of AV nodal blockers for CAD, AF, or other 
comorbidities may have led to the ventricular rates being slow in AF. 

Figure 3: Possible mechanisms for controlled ventricular rate in 
atrial fibrillation.

Figure 4:
Proposed pathophysiological mechanism for development 
of typical characteristics of controlled ventricular rate-
cardiomyopathy (CVR-CM). ECM, extracellular matrix.

Table 4: CVR-CM group characteristics by rhythm control intervention.

Characteristics No intervention
n = 58

DCCV + ablation
n = 21

P-value

Sex

  Female 20 (34.5) 3 (14.3)
0.08

  Male 38 (65.5) 18 (85.7)

Age, years 76.4 ± 10.7 66.2 ± 9.4 0.0002

Hypertension 43 (74.1) 12 (57.1) 0.15

Diabetes mellitus 23 (39.7) 4 (19.0) 0.09

Coronary artery disease 30 (51.7) 3 (14.3) 0.003

Hyperlipidemia 36 (62.1) 8 (38.1) 0.06

Mortality 28 (48.3) 3 (14.3) 0.006

Data presented as n (%) or mean±standard deviation. 
CM, cardiomyopathy; CVR, controlled ventricular rate; DCCV, direct current cardioversion.
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3) Chemosensitive nerve endings can be affected by changes in 
ionic concentrations in the myocardium14. Irregular R-R intervals 
have been shown to cause profound changes in ionic transport and 
release in the myocardium at a cellular level16. It is possible that these 
chemical changes at the local level either cause injury to the afferent 
nerve fibers or blunt the perception of symptoms.

As the dog which did not bark in the famous Sherlock Holmes 
story “Silver Blaze” was a key to solving the mystery, the absence 
of palpitations in the obvious presence of AF may help us unlock 
some of the underlying pathophysiological mechanisms responsible 
for development of CM with AF. More studies are needed to explore 
this curious phenomenon.

Predominance of Male Sex
A majority of patients (70.9%) in the CVR-CM group were male 

(Figure 2). If this is proved to be true by larger studies, the follow-up 
question would be: Why are males at increased risk? There are some 
clues about this from the epidemiology of AF:

1) Asymptomatic presentation of AF has been shown to be more 
common in males in numerous studies12,13. With asymptomatic 
presentation, the likelihood of missing the diagnosis of AF increases, 
giving it more time to go undetected and cause myocardial damage.

2) Males generally develop AF about a decade before females17; 
this, coupled with a higher likelihood of asymptomatic presentation, 
potentially gives AF more time to cause progressive yet subclinical 
myocardial damage.

3) AF itself may cause injury to the conduction system, which 
could slow down the ventricular rate and progression of disease.

Absence of Palpitations as a Symptom 
Palpitations, which have been considered a hallmark symptom of 

AF, were virtually absent as a presenting complaint in patients with 
CVR-CM. A substantial percentage of patients, especially men, have 
been shown to have an asymptomatic presentation12. Furthermore, 
asymptomatic AF has been shown to be associated with more 
comorbidities and worse outcomes12,13. The intriguing question 
is: Why would an arrhythmia like AF not cause palpitations? We 
hypothesize three different mechanisms that may contribute to this 
phenomenon (Figures 4 and 5): 

1) As mentioned above, with AF and CVR there may be repetitive 
cycles of injury and healing occurring sequentially or synergistically, 
causing progressively larger amounts of ECM to be laid down in the 
myocardium and disrupting the myocardial microarchitecture. This 
disruption can cause injury to the afferent small sensory nerve fibers 
that arise from septations between the myocardial muscle fibers and 
are responsible for visceral perception14. The injury to these fibers may 
cause a type of autonomic neuropathy, somewhat similar to a diabetic 
neuropathy15, which may blunt the perception of palpitations.

2) The absence of palpitations can be considered to be the 
equivalent of silent myocardial ischemia, in which there is objective 
evidence of myocardial ischemia but no perception of chest pain. 
Similarly, in CVR-CM the overwhelming majority of patients could 
be said to have “silent AF,” in which they don’t have any perception 
of palpitations. Rosen et al. have shown that cerebral blood flow 
patterns are altered in certain areas for patients with silent ischemia14.
It is conceivable that similar alterations in cerebral blood flow occur 
in CVR-CM patients who do not perceive palpitations, either due 
to comorbidities like CAD or aging or to the cardiac remodeling 
associated with increased ECM.

 

Figure 5:

(A) Kaplan-Meier estimates of CVR-CM (blue line) vs. RVR-CM (dotted red line) patients who received no rhythm control with direct 
current cardioversion/ablation. (B) Kaplan-Meier estimates of CVR-CM patients who received no rhythm control interventions to those 
who received rhythm control interventions with direct current cardioversion/ablation procedure.
CVR-CM, controlled ventricular rate (≤100 bpm) with atrial fibrillation, new-onset cardiomyopathy group; RVR-CM, rapid ventricular 
rate (>100 bpm) with atrial fibrillation, new-onset cardiomyopathy group.
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strategy with either a cardioversion or ablation procedure: 18 of 
them were cardioverted to sinus rhythm and only 3 underwent an 
ablation procedure. The mortality rate for patients who did undergo 
these procedures was much lower (14.28% vs 46.55%) than for 
those who did not undergo these procedures. There were significant 
confounding factors, including age and history of CAD, for patients 
who were not referred for rhythm control, making causal inferences 
inappropriate. It would be interesting to assess, though, whether 
referring older patients or those with a history of CAD for rhythm 
control interventions reflects a systemic bias. This should be explored 
in larger population-based studies. 

Previous studies have shown improvement in left ventricular 
ejection fraction after restoration of normal rhythm despite the 
presence of CVR in AF25,26. The improvement in cardiac function 
after restoration of normal rhythm may be due to improved atrial 
transport or restoration of regular ventricular rhythm. An irregular 
rhythm has been shown to cause several adverse effects, including 
abnormal calcium handling16, and possibly to cause sympathetic 
activation to stimulate the neurohormonal cascade to cause or 
worsen heart failure8. There is improvement in left ventricular 
ejection fraction in patients with premature ventricular contractions 
after suppression of the premature ventricular contractions27, which 
suggests that irregularity of ventricular rhythm itself may predispose 
to CM without tachycardia. Further studies are required to explore 
this extremely important question as to whether a rhythm control 
strategy, especially utilizing an ablation strategy, could be beneficial 
for patients with CVR and AF who develop new-onset CM. 

Missed Diagnosis, Role of Screening Telemetry
The United States Preventive Services Task Force states that the 

evidence for EKG screening is “insufficient” for patients who are at 
intermediate or high risk for cardiovascular events28. The presence of 
atypical, vague, insidious symptoms in an older individual, absence 
of palpitations, and a relatively normal heart rate will increase the 
likelihood of a missed diagnosis. Telecardiology support has been 
shown to increase the rate of AF diagnosis 7-fold in patients older 
than 70 years. The number needed to diagnose previously undiagnosed 
AF (number needed to treat) was 9 in patients 65-75 years of age and 
5 in patients older than 75 years of age29. A recent study showed that 
a commercially available smart watch had a diagnostic yield of about 
34% for diagnosis of undiagnosed AF in the community30. Future 
studies are needed to determine if an annual EKG performed at the 
physician’s office or community screening with a smart watch provide 
an effective population-based strategy for diagnosing these patients.

Limitations
This is a retrospective study and so the usual limitations of such a study, 
including missing or incomplete data and selection bias, among others, 
apply. The number of patients in the CVR-CM cohort is relatively low, 
which limits its statistical power. Data on specific medication usage 
were not collected because medication use, which was dynamic in these 
groups, was managed by cardiologists and primary care physicians 
according to guideline-directed medical therapy. Ventricular rates to 
determine the CVR and RVR cohorts were taken at a discrete time-
point. As is well known, the ventricular rates in AF are variable and 

Differences in EKG Characteristics: (Figures 4 and 5)
Low voltage: Low voltage was a characteristic feature in patients 

with CVR-CM. As discussed above, this disease phenotype appears 
to share certain characteristics with amyloid CM, which also has 
low voltage on surface EKG as a characteristic feature18. Studies 
have shown that low voltage in cardiac amyloidosis is likely due to 
the infiltrative myocardial process that decreases the generation of 
voltage by cardiomyocytes and possibly attenuates the expression of 
that voltage on surface EKG due to the presence of large amounts of 
extracellular protein deposition and myocardial edema19. The fact that 
CVR-CM has a high incidence of low voltage on surface EKG might 
indicate that there are similar pathophysiologic processes occurring 
in this cohort. In cardiac amyloidosis, a Lyon-Sokolow index of ≤1.5 
mV was independently predictive of the combined outcome of time 
to hospitalization, heart transplantation, or death20. Similarly, the 
prognosis in CVR-CM was grim, with 38% of the patients deceased 
at a mean follow-up of 1.8 years. 

 
QRS widening: QRS widening is often present in cardiac 

amyloidosis; this has been postulated to be due to increased 
extracellular volume and myocardial edema21. Studies of EKGs in 
amyloidosis have shown about 30.3% of patients had QRS >120 
msec21. In our study, a very comparable percentage (31.7%) were found 
to have either a left or right bundle branch block. Diffuse fibrosis 
by cardiac magnetic resonance imaging has been demonstrated after 
recovery from tachycardia-induced CM22. That may be indicative 
of the accumulation of collagenous ECM, which is a hallmark 
characteristic of “recovery” in animal models of tachycardia-induced 
CM. The increased ECM could also have damaged the conduction 
system, causing slow ventricular rates, QRS widening, and low 
voltage on surface EKG (Figures 4 and 5).

Presence of Structural Disease/CAD
It is interesting that there were no significant differences in 

the traditional risk factors for CAD between the CVR-CM and 
RVR-CM groups. The two groups were well-matched for age, 
body mass index, incidence of hypertension, diabetes mellitus, and 
hyperlipidemia, and yet the incidence of both CAD and PCI were 
much higher in the CVR-CM group. Studies have shown that the 
presence of heart failure may be a better predictor for development of 
AF than the presence of CAD23. Obstructive CAD may cause heart 
failure, which in turn may cause neurohormonal and pressure-volume 
changes that lead to remodeling of the left atrium and subsequent 
AF24. CAD can also cause myocardial scarring and fibrosis. It is 
possible that the scar tissue in or around the conduction system was 
responsible for aggravation of conduction system disease, leading to 
CVR or QRS widening. AV nodal blocker usage, especially the use 
of beta blockers in the setting of a history of CAD, may also have led 
to CVR. 

Is AF-Induced CM Possible with CVR? 
Controlling the ventricular rate during AF has been a foundational 

therapeutic approach and is endorsed by multiple professional 
society guidelines. However, is it possible that CM could potentially 
develop or continue to worsen despite CVR? In our study, 21 out of 
79 (26.58%) patients with CVR-CM underwent a rhythm control 
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a single point of time may either under- or overestimate the baseline 
ventricular rate. The pejorative specific weight of each component 
(pathological mechanism, concomitant heart disease, and final 
treatment chosen) is difficult to determine even within this study. 
Nonetheless, there are significant differences between the two groups, 
which makes sense if seen in the context of what is already known from 
animal models of tachycardia-induced CM. Further studies to explore 
this fascinating topic would be very helpful.
 
Conclusions

It is not uncommon to see AF patients with CVR and new-onset 
CM. As a case in point, about 40% of patients with new-onset CM 
associated with AF in our cohort had CVR at presentation. To our 
knowledge, this is the first study to evaluate whether the CVR-CM 
group has any significant differences compared to patients who 
present with RVR. We found that patients with CVR-CM were 
predominantly male and had more pre-existing CAD, a greater 
likelihood of low voltage on surface EKG with a higher incidence 
of QRS widening, and a worse prognosis. The pathophysiological 
underpinnings for these differences are unknown, though as we have 
pointed out, there are some striking similarities to the prototypical 
infiltrative CM: cardiac amyloidosis. Animal studies of tachycardia-
induced CM, especially the deposition of collagen in the ECM during 
the “recovery” phase of supraventricular tachycardia, provide some 
tantalizing clues, though the lack of animal models for AF-induced 
CM, especially with CVR, is a significant gap in the literature.

The traditional recommendation of rate control would not be very 
helpful in this cohort for everyday clinical practice as these patients are 
already “rate controlled”. Rhythm control strategies, especially with 
an ablation procedure, have been shown to be effective therapeutic 
interventions in some observational case series. Further studies, 
both larger population-based and randomized controlled trials,can 
better evaluate the effectiveness of a rhythm control strategy utilizing 
ablation in this very challenging group of patients who otherwise 
have a grim prognosis.
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