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Early Versus Late Catheter Ablation of 
Atrial Fibrillation and Risk of Permanent 
Pacemaker Implantation in Patients With 
Underlying Sinus Node Dysfunction
Muhammad Umer Butt , MD, MS; Nazli Okumus, MD; Ahmad Jabri, MD; Charles Thomas, BA;  
Yasir Tarabichi , MD; Saima Karim , DO

BACKGROUND: Atrial fibrillation (AF) is associated with anatomical and electrical remodeling. Some patients with AF have con-
comitant sick sinus syndrome and may need permanent pacemaker (PPM) implantation. Association between catheter abla-
tion of AF timing and need for PPM in sick sinus syndrome has not been assessed.

METHODS AND RESULTS: We used pooled electronic health data to perform retrospective cross-sectional analysis of 66,  595 
patients with AF and sick sinus syndrome to assess the need of PPM implantation temporally, with AF performed divided into 
earlier within 5 years (group 1), 5 to 10 years (group 2), or beyond 10 years (group 3) of diagnosis. PPM implantation was lowest 
among those who had catheter ablation within 5 years of sick sinus syndrome diagnosis: group 1 versus group 2 (18.15% ver-
sus 27.21%) and group 1 versus group 3 (18.15% versus 27.22%). Interestingly, there was no difference in risk of PPM between 
group 2 and group 3 (27.21% versus 27.22%; odds ratio [OR], 1.00 [95% CI, 0.85–1.20]).

CONCLUSIONS: Even after controlling known risk factors that increase the need for pacemaker implantation, timing of AF abla-
tion was the strongest predictor for need for PPM. Patients adjusted OR of PPM was lower if patients had catheter ablation 
within 5 years of diagnosis compared with later than 5 years (adjusted OR, 0.64 [95% CI, 0.59–0.70]).
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Sinus node dysfunction (SND) in conjunction with 
atrial fibrillation, also referred to as sick sinus 
syndrome, is the inability of sinoatrial node to in-

crementally modulate heart rate enough to meet the 
physiologic need of an individual. The progression of 
SND can lead to cardiac rhythm disorders that vacil-
late from complete sinoatrial node arrest with an es-
cape rhythm to various atrial tachyarrhythmias.1 Atrial 
arrhythmia, with atrial fibrillation (AF) being the most 
common one, is present in 40% to 70% of patients 
at the time of diagnosis of SND.2 The combination of 

tachyarrhythmias and bradyarrhythmias constitutes 
what is also known as “sick sinus syndrome” or “tachy-
brady syndrome.”

AF causes overdrive suppression, which, along with 
anatomical and electrical remodeling, can predispose 
individuals to SND.3 Electrical remodeling is thought 
to be attributable to proarrhythmic changes with de-
crease in the atrial effective refractory period as well as 
changes in sinoatrial conduction time.4 In persistent AF, 
there is also a loss of sinoatrial node cell function, loss 
of atrial muscle mass, and increase in atrial volume. It 
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is well known that duration of AF is an important factor 
in increasing the persistence of AF.

Bradycardia-mediated heterogeneity of refracto-
riness in SND can play a role in AF attributable to 
atrial premature depolarizations causing protracted 
pause that may allow for nonsinus focus or multiple 
foci to take over. Reentry may also occur because 
of shorter action potential duration of nonsinus foci.5

Although some patients benefit from permanent 
pacemaker (PPM) implantation in SND, early catheter 
ablation (CA) of AF as a tool to temper the progres-
sion of SND has not been studied. Elimination of AF 
may prevent conversion pauses in AF; and with further 

decrease in the need for medications for rate or rhythm 
control, sinus node recovery may occur.

The benefit of the CA in the prevention of progres-
sion of SND has been consistent in paroxysmal and 
persistent AF.6 However, the correlation of the duration 
of presence of AF before ablation in reverse remod-
eling or prevention of progression of SND is not well 
known. Therefore, we used pooled electronic health 
data to evaluate the difference in rate of PPM implan-
tation if CA was done earlier (within 5  years) or later 
(≥10 years) after AF diagnosis in patients with SND. We 
were also interested in how other known risk factors 
for SND played a role in progression to pacemaker im-
plantation in this study.

METHODS
Study Setting
Requests to access the data set from qualified re-
searchers trained in human subject confidentiality pro-
tocols may be sent to Case Western Reserve University 
at skarim@metrohealth.org.

This was a retrospective cross-sectional analysis 
using Explorys (IBM Watson Health, Cleveland, OH), 
which is a large electronic health record–based pooled 
deidentified database. This technology platform uses 
a health data gateway server behind the firewall of 
participating health care organizations spread over 
50 states in the United States. The server collects 
data from a variety of health information systems (eg, 
electronic health records, billing systems, and lab-
oratory test systems). The data are then deidentified 
and passed into the Explorys data grid, which is a 
private cloud-based data storage, and are standard-
ized and normalized. This allows researchers rela-
tively easy access to the data, in compliance with the 
Health Insurance Portability and Accountability Act 
and Health Information Technology for Economic and 
Clinical Health Act.7,8 The data are accessed through 
a secured web-based interface. The use of Explorys 
has been validated in multiple fields.9 The Explorys 
platform uses the Systematized Nomenclature for 
Medicine–Clinical Terms (SNOMED-CT) for medical di-
agnoses and procedures. For diagnoses, International 
Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10-CM), codes are mapped into the 
SNOMED-CT hierarchy.10,11 Institutional review board 
approval was obtained for the study. Cohorts can fur-
ther be refined demographically, and comorbid dis-
eases can be extracted.

Patient Selection
Adult subjects (aged between 18 and 90 years) with 
active electronic health records since 1999 were 

CLINICAL PERSPECTIVE

What Is New?
•	 The combination of atrial fibrillation (AF) and 

sinus node dysfunction often creates a clinical 
dilemma for optimal treatment. AF can be as-
sociated with symptoms, high heart rates, or 
presence of cardiomyopathy, but both rate- and 
rhythm-controlling agents can often worsen 
sinus node dysfunction in these patients.

What Are the Clinical Implications?
•	 This study has novel data on the timing of cath-

eter ablation of AF and its bearing on the need 
for a pacemaker. Pacemaker implantation can 
be the treatment of choice depending on the 
clinical presentation of the patient. However, 
the findings of this study support earlier cath-
eter ablation being instrumental in decreasing 
the need for pacemaker in the patients who 
have both AF and sinus node dysfunction inde-
pendent of other risk factors, such as coronary 
artery disease, congestive heart failure, bundle-
branch block, and hypertension.

•	 Our findings also show that female patients 
tended to get AF ablation less frequently (es-
pecially within 5 years), and had higher need for 
pacemaker implantation.

Nonstandard Abbreviations and Acronyms

BBB	 bundle-branch block
CA	 catheter ablation
PPM	 permanent pacemaker
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identified using the search tool in Explorys. Patients 
with AF were identified by the following SNOMED-CT 
diagnosis, “Atrial Fibrillation,” that was inclusive of all 
types of AF (paroxysmal, persistent, longstanding 
persistent, and permanent AF). As SND can have a 
variable presentation, “sinus node dysfunction,” along 
with any subdiagnosis present, such as “tachy-brady 
syndrome,” “chronotropic incompetence,” and “symp-
tomatic sinus bradycardia,” were included. The third 
inclusion term was “ablation operation for arrhythmia,” 
which was the designation for AF ablation. Forms for 
non-AF ablation and those with diagnoses of arrhyth-
mias other than AF were excluded. The temporal cut-
off for AF ablation for this project was within 5 years, 
6 to 10 years, or after 10 years after the diagnosis of 
SND. This defined our initial cohort. Patients who had 
a pacemaker for the ‘“atrioventricular block’” or pa-
tients who had “atrioventricular nodal ablation for AF” 
were excluded. Patients who had >1 AF ablation within 
5 and 10 years of diagnosis were excluded from the 
analysis.

In our initial cohort using the SNOMED-CT term 
“Implantation of Cardiac Pacemaker,” we identified 
patients who had PPM implanted between 1999 and 
2020 who met the other criteria mentioned above. 
Patients with pacemaker implantation before AF abla-
tion were excluded.

Covariates
We collected cross-sectional information on patient 
demographics, such as age, sex, as well as other co-
morbidities known to be associated with SND, such as 
hypertension, coronary artery disease (CAD), bundle-
branch block (BBB), and congestive heart failure, by 
their respective SNOMED-CT terms. The primary out-
come of interest was the PPM implantation after AF ab-
lation within 5 years of diagnosis of AF and SND (group 
1), within 5 to 10 years of diagnosis (group 2), and after 
10 years of diagnosis (group 3). Secondary analysis of 
interest in our AF population included studying the cor-
relation of different traditional factors of SND in regard 
to need for pacemaker among the selected population.

Statistical Analysis
To assess the association between timing of CA after 
diagnosis of sick sinus syndrome and progression to 
need for PPM implantation, we divided the whole co-
hort of patients into those who received a pacemaker 
and those who did not receive a pacemaker.

The cumulative incidence of PPM implantation was 
calculated by dividing the number of patients with 
pacemaker implantation by the total number of pa-
tients in each risk group. Categorical variables were 
presented as numbers and percentages, and were 
compared using the Pearson χ2 test. Odds ratios (ORs) 

were presented with 95% CIs. We obtained variables 
for multiple logistic regression model via entry of all 
univariate baseline predictors of pacemaker implanta-
tion from simple logistic model with a value of P<0.2. 
We used backward selection method for multiple lo-
gistic model.

All statistical analysis was done using SAS version 
9.4 (SAS Institute, Cary, NC). Significance was defined 
as the 2-tailed value of P<0.05.

RESULTS
A total of 66 595 patients with AF and SND, who had 
ablation of AF and met the prespecified criteria, were 
included in the analysis. The cohort was divided into 3 
groups, as mentioned above: those with AF ablation 
within 5 years of diagnosis of AF and SND (group 1), 
those with AF ablation within 5 to 10 years of diagnosis 
(group 2), and those who had AF ablation after 10 years 
of diagnosis (group 3). Baseline characteristics were 
compared among patients who had PPM versus no 
PPM implantation (Table 1). Of the total cohort of AF, 
44% of patients had paroxysmal AF. Overall, 25% of all 
patients with AF had PPM during the duration of follow-
up. A total of 16% of the patients with paroxysmal AF 
had PPM implantation.

Using univariate analysis, patients were found to 
have higher risk of need for PPM if they were women 
(28.29% versus 15.11%; OR, 1.18 [95% CI, 1.14–1.22]), 
aged >65  years (28.16% versus 19.44%; OR, 1.63 
[95% CI, 1.55–1.71]), or had hypertension (28.10% 
versus 17.14%; OR, 1.89 [95% CI, 1.79–2.00]). Need 
of PPM was higher if patients had preexisting cardiac 
conditions as BBB (32.12% versus 25.69%; OR, 1.37 
[95% CI, 1.31–1.43]), CAD (29.25% versus 23.23%; OR, 
1.37 [95% CI, 1.32–1.42]), or congestive heart failure 
(31.31% versus 25.83%; OR, 1.31 [95% CI, 1.23–1.37]). 
Patients who had CA within 5 years of diagnosis of AF 
and SND had a much lower need for PPM compared 
with patients who had CA within 5 to 10 years of di-
agnosis or after 10  years of diagnosis: group 1 ver-
sus group 2 (18.15% versus 27.21%; OR, 0.59 [95% CI, 
0.50–0.71]) and group 1 versus group 3 (18.15% ver-
sus 27.22%; OR, 0.59 [95% CI, 0.55–0.64]) (Table 1). 
Interestingly, there was no difference in risk of PPM 
among those who had AF ablation within 5 to 10 years 
compared with those who had it after 10  years (as 
shown in Figure  1): group 2 versus group 3 (27.21% 
versus 27.22%; OR, 1.00 [95% CI, 0.85–1.20]).

A multivariable binary logistic regression model was 
built using variables from univariate models for adjust-
ment (Table 2). Results showed even after controlling 
known risk factors of PPM implantation, patients’ ad-
justed OR (aOR) of PPM was lower if patients had CA 
within 5 years of AF compared with later than 5 years 
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or if they never had CA (aOR, 0.64 [95% CI, 0.59–
0.70]). In adjusted model, risk of pacemaker implanta-
tion showed similar trend as univariate model if patients 
were aged >65 years (aOR, 1.50 [95% CI, 1.42–1.57]), 
were women (aOR, 1.20 [95% CI, 1.16–1.25]), or had 
hypertension (aOR, 1.61 [95% CI, 1.52–1.71]), BBB 
(aOR, 1.30 [95% CI, 1.24–1.37]), CAD (aOR, 1.22 [95% 
CI, 1.18–1.27]), or congestive heart failure (aOR, 1.17 
[95% CI, 1.12–1.23]), as seen in Figure 2.

DISCUSSION
Electronic health record is becoming an increasingly 
important real-time data source for clinical research. 
This study demonstrates the potential use of certain 
informatics tools to perform large-scale retrospective 
studies to address a specific question in a large dei-
dentified patient base.

There is no study to date assessing the timing of 
AF ablation in relationship to need for pacemaker 
implantation (serving as a surrogate marker for pro-
gressive sinoatrial node dysfunction). We chose the 
groups empirically on the basis of timing of AF abla-
tion within 5 years, 5 to 10 years, and >10 years of di-
agnosis of AF and SND. It appears that 5 years is the 

optimum cutoff in this population to mitigate the need 
for pacemaker implantation. After 5 years of diagnosis 
of AF and SND, AF ablation can lead to decreased 
burden of AF, but there is less likely to be sinoatrial 
node recovery, leading to higher need for pacemaker 
implantation.

AF causes metabolic and membrane conduction 
abnormalities initially by decreasing the atrial effec-
tive refractory period and shortening the reentrant 
circuit wavelength by decreasing the atrial effective 
refractory period.12 In animal models, rapid pacing 
prolongs sinoatrial conduction time and corrects 
sinus nodal recovery time.13 These changes may be 
reversible as it has been demonstrated that both par-
oxysmal and persistent atrial flutter exhibited an im-
provement in the sinus node recovery time 3 weeks 
after CA of atrial arrhythmia.14 Compared with par-
oxysmal AF, long-standing persistent AF leads to hi-
bernating myocardium, anatomical remodeling with 
irreversible scarring fibrosis, and fatty infiltrate be-
cause of altered channel gene expression.15,16 It also 
leads to atrial stretch and direct damage to sinoatrial 
node via increased metabolic demand.17 In our study, 
we used cumulative duration of AF since diagnosis to 
provide a temporal focus. The duration of AF since 

Table 1.  Comparison of Characteristics Based on the Need for Pacemaker Implantation of Patients With AF Who 
Underwent AF Ablation Within 5, 5 to 10, or After 10 Years of Diagnosis of Sick Sinus Syndrome

Characteristics Total cohort

Permanent pacemaker 
implanted
(n=18 250)

No permanent pacemaker 
implanted
(n=50 345) P value

Sex

Men 36 355 (53.00) 9130 (25.11) 27 225 (74.89) <0.001

Women 32 240 (47.00) 9120 (28.29) 23 120 (71.71)

Age, y

≥65 56 350 (82.15) 15 870 (28.16) 40 480 (71.84) <0.001

<65 12 245 (17.85) 2380 (19.44) 9865 (80.56)

AF ablation time

Within 5 y (group 1) 4655 (6.79) 845 (18.15) 3810 (81.85)

Within 5–10 y (group 2) 735 (1.07) 200 (27.21) 535 (72.79)

After 10 y or no (group 3) 63 205 (92.14) 17 205 (27.22) 46 000 (72.78) <0.001

Hypertension

Yes 59 260 (86.39) 16 650 (28.10) 42 610 (71.90) <0.001

No 9335 (13.61) 1600 (17.14) 7735 (82.86)

Bundle-branch block

Yes 9775 (14.25) 3140 (32.12) 6635 (67.88) <0.001

No 58 820 (85.75) 15 110 (25.69) 43 710 (74.31)

Coronary artery disease

Yes 38 460 (56.07) 11 250 (29.25) 27 210 (70.75) <0.001

No 30 135 (43.93) 7000 (23.23) 23 135 (76.77)

Congestive heart failure

Yes 9660 (14.08) 3025 (31.31) 6635 (68.69) <0.001

No 58 935 (85.92) 15 225 (25.83) 43 710 (74.17)

Data are given as number (percentage) of each group. AF indicates atrial fibrillation.
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the timing of diagnosis was taken into consideration 
rather than the historical classification of AF because 
duration may dictate the changes in atrial substrate 
with remodeling, as mentioned above. CA in patients 
with AF relatively early likely decreases the need for 
pacemakers by 2 modes: electrical reverse remod-
eling with the elimination of the sinoatrial node sup-
pression and the prolonged sinus pauses as well as 
reduction or elimination of the use of rate- or rhythm-
controlling medications that suppress the sinoatrial 
node function.

There were specific variables that had a correlation 
with higher implantation of pacemakers in patients with 
SND, such as age, sex, hypertension, CAD, heart fail-
ure, and conduction system issues at baseline.

Age is an independent risk factor for SND as it leads 
to progressive degeneration of cells, atrial dilation, and 
fibrosis of sinoatrial node over time. The risk of SND 
and thus pacemaker need increases with age expect-
edly, which is consistent with our findings. In various 
studies, the risk of SND in the general population has 
been the same in both sexes.18 Women historically 
have a disproportionately lower rate of PPM implan-
tation compared with men, attributed to differential 
access to health care.19 However, in the setting of AF 

overall, women were more likely to have a pacemaker 
implanted for SND than men.19 This may be attribut-
able to delay in CA in women compared with their male 
counterparts.

Figure 1.  Forest plot, showing unadjusted odds ratio (OR) of pacemaker implantation in different 
groups defined by timing of catheter ablation of atrial fibrillation (AF) within 5 years of diagnosis 
of AF and sinus node dysfunction (group 1), within 5 to 10 years of diagnosis (group 2), and after 
10 years of diagnosis (group 3).
The dots represent the OR, and the horizontal line represents the 95% CI. BBB indicates bundle-branch 
block; CAD, coronary artery disease; CHF, congestive heart failure; and HTN, hypertension.

Table 2.  Logistic Multivariable Analysis of Risk of 
Progression to Need for Pacemaker Implantation Among 
Patients Who Had a Diagnosis of AF and SND

Multivariable 
model

OR (95% CI) in 
overall study 
population

Age, y ≥65 vs <65 1.50 (1.43–1.57)

Sex Women vs men 1.20 (1.16–1.25)

Hypertension Presence vs absence 1.61 (1.52–1.71)

Congestive heart 
failure

Presence vs absence 1.17 (1.12–1.23)

Coronary artery 
disease

Presence vs absence 1.22 (1.18–1.27)

Bundle-branch 
block

Presence vs absence 1.30 (1.24–1.37)

Time of AF 
ablation

Within 5 y vs no ablation or 
>10 y after (group 1 vs 3)

0.64 (0.59–0.70)

Within 10 y vs no ablation or 
>10 y after (group 2 vs 3)

1.01 (0.86–1.19)

AF indicates atrial fibrillation; OR, odds ratio; and SND, sinus node 
dysfunction.
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Hypertension leads to atrial enlargement along 
with stretching and fibrosis. It also increases the 
risk for CAD and heart failure leading to SND.20,21 
Nondihydropyridine calcium channel blockers and β 
blockers used for the treatment of hypertension (and 
AF) increase the risk of SND.22

CAD may contribute to SND, as the sinoatrial node 
perfusion may be affected.23 SND can be seen acutely 
in inferior myocardial infarction because of ischemia of 
sinus node, and by stimulation of Bezold-Jarsich reflex.24 
In one study, patients with sick sinus syndrome who had a 
history of previous inferior wall myocardial infarction were 
more likely to have severe stenosis of sinoatrial nodal artery 
compared with controls without myocardial infarction.25

Heart failure leads to depressed intrinsic heart rate, 
prolonged corrected sinus node recovery time, and 
sinoatrial conduction time attributable to decreased 
diastolic depolarization rate.26 Impaired rhythmic spon-
taneous calcium release from the sarcoplasmic reticu-
lum plays a pivotal role in SND in heart failure.26,27 At the 
tissue level, sinoatrial node demonstrated exit block, 
intra-atrial conduction block, and severe fibrosis. Heart 
failure therapies or electrolyte abnormalities associ-
ated with diuretics can worsen preexisting sick sinus 
syndrome.

BBB with right BBB or left BBB has a higher pro-
pensity for progression of high-grade heart block. We 
excluded patients who had a PPM implanted because 
of complete heart block to prevent any confounding. 
Primary conduction disease is generally considered to 
be a degenerative process and can involve the con-
ducting system diffusely, and patients with disease in 
the bundle branches can develop disease in the si-
noatrial node and atrium. Sinus node recovery time, 
atrial functional refractory periods, and sinoatrial con-
duction time have been significantly longer in patients 
with bifascicular blocks, trifascicular blocks, and BBBs 
compared with those with narrow QRS complex.28 It 
is reported that there is an association of atrioventric-
ular conduction disturbances in up to 67% of patients 
with SND.29 We did adjust for inherent increased risk 
factors of SND and thus pacemaker associated if BBB 
was present at baseline.

Despite adjustment of risk factors that are impli-
cated in the development of SND, as described above, 
earlier CA for AF remained the single most important 
modifiable predictor of pacemaker implantation in 
such patients. Earlier CA within 5 years of diagnosis of 
AF and SND reduced the risk of progression to need 
for pacemaker implantation significantly.

Figure 2.  Forest plot, showing adjusted odds ratio (OR) of pacemaker implantation in different 
risk groups.
Group numbers were designated by timing of atrial fibrillation (AF) ablation within 5 years of diagnosis of 
AF and sinus node dysfunction (group 1), within 5 to 10 years of diagnosis (group 2), and after 10 years of 
data collection (group 3). The dots represent the OR, and the horizontal line represents the 95% CI. BBB 
indicates bundle-branch block; CAD, coronary artery disease; CHF, congestive heart failure; and HTN, 
hypertension.
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Limitations
There are several limitations to this study. As the 
study is an observational one, the design precludes 
us from addressing causality. As Explorys provides a 
population-level deidentified data set, we could only 
perform analyses at the population level and did not 
have access to specific dates, such as diagnosis dates 
and device implantation dates. We could not establish 
temporal relationships between onset and duration of 
the traditional risk factors to the timing of pacemaker 
implantation. Although it is exceedingly rare, CA of 
atrial arrhythmias can potentially damage atrial tissue 
close to sinoatrial node or other parts of the conduction 
system, leading to need for pacemaker after ablation, 
but data of individual procedural-related complications 
were not available on an individual basis. As data were 
based on the cross-sectional prevalence of AF and 
SND, it was not established whether AF or SND was di-
agnosed first. This study relies on diagnoses based on 
SNOMED-CT codes, so it is not possible to verify the 
accuracy of diagnoses and thus it is prone to coding er-
rors. Therefore, there is an element of misclassification 
bias as SND is loosely used interchangeably with other 
terms. However, the large number of patients in this da-
tabase would account for small margins of deviations 
from traditional CA of AF, risk factors, and overall trends 
in follow-up. Studies looking at other clinical correla-
tions may not have underlying clinical informatics on-
tologies and so may not be amenable to this approach.

CONCLUSIONS
This study demonstrated a temporal association be-
tween ablation of AF and the progression to the need 
for a pacemaker implantation in patients with AF and 
SND. The risk of PPM implantation is significantly re-
duced if AF ablation is performed within 5  years of 
diagnosis compared with after 5 years after the diagno-
sis of AF and SND. Thus, earlier AF ablation can signifi-
cantly decrease the need for pacemaker implantation 
in those with SND, even after adjusting for traditional 
risk factors, such as age, sex, hypertension, heart fail-
ure conduction system abnormalities, and CAD. A pro-
spective study with close monitoring of patients with 
AF and SND after varied ablation times since diagnosis 
should be performed to confirm these findings.
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