
 Ceyhan Turkkan,1  Damirbek Osmanov,2  Ersin Yildirim,3  Kazim Serhan Ozcan,1 

 Servet Altay,4  Hakan Hasdemir,5  Ahmet Taha Alper,1  Nazmiye Ozbilgin,1 

 Izzet Celal Erdinler,6  Kadir Gurkan1

1Department of Cardiology, Health Science University Dr. Siyami Ersek Training and Research Hospital, Istanbul, Turkey
2Department of Cardiology, Bicard Clinic, Bishkek, Kyrgyzstan
3Department of Cardiology, Umraniye Training and Research Hospital, Istanbul, Turkey
4Department of Cardiology, Trakaya University Faculty of Medicine, Edirne, Turkey
5Department of Cardiology, Istanbul Atakent Memorial Hospital, Istanbul, Turkey
6Department of Cardiology, Istanbul Atasehir Memorial Hospital, Istanbul, Turkey

ABSTRACT
OBJECTIVE: Bradyarrhythmia is one of the complications that may develop after cardiac surgery. Only a few studies have 
previously dealt with this concern, and in our study, we investigated the factors affecting the development of atrioventricular 
block or sinus node dysfunction and the requirement of permanent pacemaker following cardiac surgery.

METHODS: A total of 62 patients who developed the atrioventricular (AV) block or sinus node dysfunction and required 
a permanent pacemaker following cardiac surgery were included in the study. Among these, 31 patients were evaluated 
prospectively, and the information regarding 31 patients was evaluated retrospectively based on hospital records. Demo-
graphic, clinical, and surgical information was recorded. Patients were grouped according to the types of procedures, in-
cluding the coronary artery bypass graft, valve surgery, congenital heart disease, and combinations of these. Patients were 
evaluated by standard 12-lead electrocardiogram and transthoracic echocardiography preoperatively. The postoperative de-
velopment of bradyarrhythmia and requirement of permanent pacemaker were evaluated.

RESULTS: The mean age of patients with preoperative conduction abnormality and wide QRS was statistically significantly 
higher than those without these disorders. The odds ratio for preoperative conduction abnormality risk in patients over 70 
years of age was found as 4.429 (95% confidence interval, 1.40–13.93). There was no gender-related statistically significant 
difference in terms of left ventricular ejection fraction, left ventricular dilatation, interventricular septum thickness, the time 
interval from operation to the development of AV block, concomitant diseases, and complication rates.

CONCLUSION: Preoperative conduction abnormality and wide QRS in patients over 70 years of age was determined as a 
risk factor.
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Bradyarrhythmia development and permanent 
pacemaker implantation after cardiac surgery

Orıgınal Article   CARDIOLOGY

Several rhythm abnormalities may occur following 
cardiac surgery. Although the most common ar-

rhythmia is atrial fibrillation, ventricular arrhythmias 

and conduction abnormalities may also be observed. 
Reported incidence of sustained ventricular arrhyth-
mias after cardiac surgery ranges from 0.41% to 1.4% 
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[1]. Persistent postoperative ventricular arrhythmias 
require aggressive treatment, and if the cause is not re-
versible, then the patient often needs an implantable car-
dioverter defibrillator (ICD). Advances in implantable 
electronic devices in the last 5 decades have been life 
saving for many patients. There is a slow but constant 
increase in pacemaker implantation rates, especially in 
developed countries with aging populations due to in-
creasing life expectancy [2]. Temporary or permanent 
pacing may also be required in bradyarrhythmias. It has 
been reported that permanent pacing may be necessary 
in 0.8%–3.4% of the patients following coronary artery 
bypass graft (CABG) surgery for sinus node dysfunc-
tion or atrioventricular (AV) conduction abnormalities 
[1]. Permanent pacing may be required in 2%–4% of 
the patients after the valve surgery due to bradycardia 
associated with a complete or high-degree AV block. 
This rate may increase up to 20% in procedures asso-
ciated with calcified aortic stenosis or tricuspid valve 
replacement (TVR) [1]. The sinus node dysfunction is 
relatively common following orthotopic heart transplan-
tation, and permanent pacemaker implantation may be 
necessary in about 20% of the patients [1].

Although sustained ventricular arrhythmias do not 
occur very commonly, they are associated with a poor 
short- and long-term prognosis. The hospital mortality 
rate may reach 50% in these patients [1]. It is essential 
to define the risk factors to prevent these highly mortal 
arrhythmias or for early intervention.

Not many studies have been previously conducted 
regarding factors determining the development of AV 
block or sinus node dysfunction and the necessity of per-
manent pacemaker following cardiac surgery. We aimed 
to investigate the risk factors affecting the development 
of conduction abnormalities or sinus node dysfunction 
and requirement of permanent pacemaker following car-
diac surgery in this study.

MATERIALS AND METHODS

In our hospital, a tertiary cardiac center, 62 patients de-
veloping AV block or sinus node dysfunction and re-
quiring permanent pacemaker following cardiac surgery 
were included in the study. A total of 31 patients oper-
ated between January 2008 and July 2009 were evaluated 
prospectively, and information regarding 31 patients op-
erated before January 2008 was evaluated retrospectively 
based on hospital records. Demographic, clinical, and 
surgical information was recorded.

Informed consent was obtained from each patient, 
and the study protocol conforms to the ethical guide-
lines of the 1975 Declaration of Helsinki, as reflected 
in an a priori approval by the local ethics committee of 
Dr. Siyami Ersek Cardiovascular and Thoracic Surgery 
Training and Research Hospital.

Patients were grouped according to the types of 
procedures, including CABG, valve surgery, congenital 
heart disease, and combinations of these. Patients were 
preoperatively evaluated for the types of conduction 
abnormality and QRS duration by standard 12-lead 
electrocardiogram (ECG). Preoperative transthoracic 
echocardiography was performed using the GE Vivid 3 
and 7 devices and 2.5–3.5 MHz transducers. The stan-
dard parasternal short and long axis, as well as apical 4- 
and 2-chamber views, were obtained. The left ventricle 
(LV) end-systolic and end-diastolic diameters, interven-
tricular septum (IVS) thickness, and the presence of di-
astolic dysfunction were assessed. The measurement of 
systolic function was presented as the ejection fraction 
(EF) calculated by biplane Simpson method. Patients 
were followed-up for the development of bradyarrhyth-
mia requirement of permanent pacemaker.

The Number Cruncher Statistical System 2007 soft-
ware (NCSS, Kaysville, Utah) and Power Analysis and 
Sample Size 2008 software (PASS, Kaysville, Utah) 
were used for the statistical analysis. In addition to de-
scriptive statistical methods (mean, standard deviation), 
Student’s t-test was used to compare quantitative pa-
rameters with normal distribution between the groups. 
A chi-squared test was used to compare qualitative non-
parametric variables. The statistical significance level was 
set at p<0.05.

RESULTS

The mean age of 62 patients was 58.69±17.97 years, 
and 64.5% were male. Nineteen patients (30.6%) were 
≥70 years old. Preoperative conduction abnormality was 
present in 38.7% of the patients (n=24). General charac-
teristics of the patients are presented in Table 1.

As far as concomitant diseases are concerned, 17.7% 
of the patients (n=11) had diabetes mellitus, 53.2% 
(n=33) had hypertension, 6.5% (n=4) had chronic renal 
failure, 43.5% (n=27) had coronary artery disease, and 
3.2% (n=2) had cerebrovascular event. Preoperative ex-
isting conduction abnormalities are shown in Table 2.

Preoperative QRS duration of the patients ranged 
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from 0.08 to 0.17 seconds (sec), with a mean value of 
0.14±0.15 sec. While wide QRS (≥0.12 sec) was noted 
in 29% of the patients (n=18), QRS duration was <0.12 
sec in 71% (n=44).

While 87.1% of the patients (n=54) did not use heart-
rate-limiting medications preoperatively, 12.9% (n=8) 
did. Among 8 patients using these drugs, 5 were using 
beta blockers (3 metoprolol, 1 carvedilol, and 1 propra-
nolol); 1 was using calcium channel blocker (diltiazem); 
and 2 were using beta blocker (metoprolol)+digoxin 
combination. Surgical interventions performed in the 
patients are summarized in Table 3.

The mean time interval from the operation to the 
development of the block was 59.38±62.84 (0–324) 
months. Complete block was noted in 69.4% of the pa-
tients (n=43) postoperatively. Block developed perioper-
atively (during the operation or within postoperative 7 
days) in 27.4% (n=17) and postoperatively (after post-
operative 7 days) in 72.6% (n=45). Postoperative ECG 
findings are summarized in Table 4.

An epicardial pacemaker was implanted in 6.5% 
(n=4), endocardial pacemaker was implanted in 88.7% 
(n=55), and no pacemaker was implanted in 4.8% (n=3) 
of patients. Among pacemakers implanted in 59 pa-
tients, 10.2% (n=6) were single-chamber rate-responsive 
pacemakers (the VVIR type), and 89.8% (n=53) were 
dual-chamber rate-responsive pacemakers (the DDDR 
type). Distribution of patient characteristics according to 
preoperatively existing conduction abnormalities is pre-
sented in Table 5.

The mean age of patients with preoperative conduc-
tion abnormality was significantly higher than those 

without. While conduction abnormality was present in 
63.2% of the patients ≥70 years of age, it was present in 
only 27.9% of those younger than 70 years of age. The 
odds ratio for preoperative conduction abnormality 
risk in patients over 70 years of age was found as 4.429 

Table 1. General characteristics of the patients

  Mean±SD n %

Age (years) 58.69±17.97
 <70  43 69.4
 ≥70  19 30.6
Gender 
 Female  22 35.5
 Male  40 64.5
Hospital length of stay (days) 13.12±8.88
Preoperative conduction abnormality  24 38.7

SD: Standard deviation.

Table 3. Surgical interventions

  n %

CABG 21 33.9
Valve surgery 25 40.3
CABG + valve surgery 2 3.2
Congenital heart disease 9 14.5
Redo CABG 2 3.2
Redo valve surgery 1 1.6
Congenital heart disease + valve surgery 2 3.2

CABG: Coronary artery bypass grafting.

Table 2. Preoperative existing conduction abnormalities

  n %

LBBB 5 20.8
RBBB 5 20.8
Incomplete LBBB 3 12.5
Incomplete RBBB 1 4.2
Bifascicular 5 20.8
Trifascicular 3 12.5
2nd degree AV block 2 8.4

LBBB: Left bundle branch block; RBBB: Right bundle branch block; AV: Atrio-
ventricular.

Table 4. Postoperative electrocardiographic findings

  n %

2nd degree Type 1 2 3.2
2nd degree Type 2 2 3.2
Complete block 43 69.4
2:1 block 7 11.3
High degree 3 4.8
Sinus node dysfunction 5 8.1
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(95% confidence interval, 1.40–13.93). Distribution 
of concomitant diseases and complications according 
to preoperative conduction abnormality status is pre-
sented in Table 6.

The coronary artery disease rate in patients with pre-
operative conduction abnormality was significantly high. 
There was no significant difference between patients 
with or without preoperative conduction abnormalities 
in terms of concomitant disease and complication rates.

DISCUSSION

The exact mechanism of bradyarrhythmias occurring 
after cardiac surgery is not fully understood. Approxi-
mately 0.8% to 4% of patients undergoing cardiac surgery 
require permanent pacemaker due to bradyarrhythmias 
that develop after the procedure. The pacemaker require-
ment was noted in 0.8% of the patients (25/2948) af-
ter CABG, 3.3% (30/923) after valve surgery, and 2.4% 
(11/450) for congenital heart disease surgery [3–8].

   Preoperative conduction abnormality   p

  Yes (n=24)  No (n=38)

  n % n %

Age (years) 67.20±13.78  53.31±18.38  0.002
 <70 12 27.9 31 72.1
 ≥70 12 63.2 7 36.8 0.009
Pacemaker implant  
 Epicardial 0 0 4 10.5 0.025
 Endocardial 24 100 31 81.5
 No implant  0 0 3 8
Pacemaker type  
 DDDR 21 87.5 32 84.2 0.195
 VVIR 3 12.5 3 7.9
 No implant 0 0 3 7.9
Gender   
 Female 7 31.8 15 68.2 0.409
 Male 17 42.5 23 57.5
Block development  
 Periop 6 35.3 11 64.7 0.734
 Postop 18 40.0 27 60.0
QRS duration  
 <0.12 sec 6 13.6 38 86.4 0.001
 ≥0.12 sec 18 100.0 0 0.0
EF  
 <50% 7 38.9 11 61.1 0.985
 ≥50% 17 38.6 27 61.4
LV dilatation  
 No 15 42.9 20 57.1 0.445
 Yes 9 33.3 18 66.7
Thick IVS  
 No 11 29.7 26 70.3 0.077
 Yes 13 52.0 12 48.0

EF: Ejection fraction; IVS: interventricular septum; LV: left ventricle; The results are presented as mean±standard deviation or number (%).

Table 5. Distribution of patient characteristics according to preoperatively existing conduction abnormalities
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Risk factors that have been reported in large-scale 
studies to be associated with the requirement of perma-
nent pacemaker implantation following cardiac surgery 
include preexisting conduction disturbances, undergoing 
AVR, age, diuretic use, and cardiopulmonary bypass du-
ration [9, 10]. The presence of preoperative rhythm and 
conduction abnormalities is a significant risk factor for 
the development of persistent block after the operation. 
Intra or infra-His bundle conduction abnormality has 
been found by electrophysiological evaluation in approx-
imately 30% of patients with calcified aortic stenosis [8, 
11, 12]. In a series of 120 patients who required postop-
erative permanent pacemaker implantation, it was also 
found that there were preoperatively existing rhythm and 
conduction abnormalities on ECG in 104 (87%) patients 
[3]. The number of patients with preoperative ECG 
rhythm and conduction abnormalities was 24 (38.7%) in 
our study.

Merin et al. [9] evaluated data regarding 4999 pa-
tients undergoing cardiac surgery between 1993 and 
2005 and found that 71% of the patients were men and 
the mean age was 64±12 years. The CABG was per-
formed in 4071 patients (81%), AVR in 675 (14%), 
and mitral valve replacement (MVR) in 968 (18%). 
Permanent pacemaker implantation following surgery 
was required in 1.4% of the patients (n=72). Pacemaker 
indication was a complete AV block in 81.9% of these 
patients (n=59). On multivariate analysis, predictors for 
pacemaker requirement were found as the left bundle 
branch block (LBBB) and AVR. Raza et al. [10] evalu-
ated 6268 patients undergoing cardiac surgery between 
1987 and 2010 and reported that 141 patients (2.2%) re-

quired permanent pacemaker implantation, which were 
due to the AV block in 55% and bradycardia in 45%. Age, 
diuretic use, cardiopulmonary bypass time, and valve 
surgery were found as independent predictors of perma-
nent pacemaker requirement. Dawkins et al. [13] eval-
uated potential risk factors associated with the require-
ment of permanent pacemaker implantation following 
isolated AVR in 342 patients. They found that preoper-
ative conduction system abnormality was present in 26% 
of the patients. They noted postoperative pacemaker re-
quirement in 29 patients (8.5%). The presence of preop-
erative conduction system abnormality was found as an 
independent predictor of permanent pacemaker require-
ment. Limongelli et al. [14] also evaluated risk factors 
for the requirement of permanent pacemaker implan-
tation following AVR, and multivariate logistic regres-
sion analysis revealed that patients with previous aortic 
regurgitation, myocardial infarction, pulmonary hyper-
tension, and postoperative electrolyte imbalance were at 
an increased risk for advanced AV block. Haworth et al. 
[15] also investigated potential predictors of permanent 
pacing following transcatheter aortic valve implantation 
and found the QRS morphology and increased annulus 
size as partial predictors. However, age, the baseline PR 
interval, and gender were not noted as predictors. Schurr 
et al. [16] reported that permanent pacemaker implan-
tation was required in 6.6% of the 3534 patients under-
going AVR and stated that age was not an independent 
predictor, but that concomitant severe mitral valve insuf-
ficiency, CABG, subaortic stenosis, or re-do operations 
were independent predictors. In a multi-center study, 
arrhythmias were investigated in 556 adult patients who 
have undergone corrective surgery during childhood for 

   Preoperative conduction abnormality   p

  Yes (n=24)  No (n=38)

  n % n %

DM  3 12.5 8 21.1 0.391
HT  15 62.5 18 47.4 0.245
CRF 2 8.3 2 5.3 0.637
CAD 15 62.5 12 31.6 0.017
Complication 5 20.8 7 18.4 0.815

CAD: Coronary artery disease; CRF: Chronic renal failure; DM: Diabetes mellitus; HT: Hypertension.

Table 6. Distribution of concomitant diseases and complications according to preoperative conduction abnormality status
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Fallot tetralogy. Among these, 102 patients (18.3%) had 
implanted cardiac rhythm devices, with pacemakers in 
44 (7.9%) and ICDs in 58 (10.4%). Primary pacemaker 
indications were found as sinus node dysfunction in 8 
patients (18.2%), AV block in 29 (65.9%), and tachycar-
dia/bradycardia syndromes in 7 (15.9%). Moreover, the 
QRS width was ≥180 msec in 10 patients (37.0%), left 
ventricular EF was <35% in 4 (14.8%), and moderate or 
severe systolic right ventricular dysfunction was present 
in 14 (51.9%) as primary prevention indications [17]. 
In a Japanese multi-center study conducted in a similar 
group of patients, the prevalence of severe arrhythmias 
was found to be lower compared to those reported in 
Western countries, and better results may have been as-
sociated with the fact that QRS duration was <120 msec 
postoperatively in most of the patients (60%) [18].

Direct surgical damage to the AV node or bundle 
of His may explain the postoperative conduction ab-
normalities. Rarely, the sinus node may be traumatized 
during the cannulation procedure for cardiopulmonary 
bypass. Moreover, the sinus node or its vascularization 
may also be damaged during the Mustard and Senning 
procedures that are performed in transposition cases. 
Pathological changes include reversible elements such as 
edema. Repair of membranous ventricular septal defects 
(VSD) and atrial septal defects, as well as placement of 
mitral ring or prosthetic valves, may lead to edema of 
tissues surrounding the AV node and result in transient 
blocks [19, 20].

An advanced age [8, 21] and female gender [21] have 
previously been associated with postoperative develop-
ment of permanent conduction block and permanent 
pacemaker implantation. The mean age was 58.69 years 
in our patient group and the advanced age was found to 
be the most significant risk factor. There were 22 women 
(35.5%) in our study group, and gender was not found to 
be a significant risk factor.

We found that the permanent pacemaker require-
ment was most common following valve surgery (40.3%) 
in the adult population, and MVR (19.4%) was the most 
frequently associated procedure. According to previous 
literature, permanent pacemaker requirement was most 
common following the AVR (17.3%) and MVR plus 
TVR (17%) procedures [3]. Among congenital heart 
disease operations, the VSD repair (54.5%) has been 
reported as the procedure that is most frequently asso-
ciated with permanent pacemaker requirement [8, 21].

Complete AV block was found to be the most fre-

quent indication (69.4%) for permanent pacemaker im-
plantation following surgery in our patients. In the series 
by Goldman et al. [8], the mean time interval between 
surgery and late development of block or sinus node dys-
function were reported as 4.7 years, which was similar to 
our finding of 5 years.

As endocardial placement of the electrode and 
DDDR mode are the currently recommended settings 
for permanent pacemakers, we preferred endocardial 
placement in 88.7% of our patients and DDDR mode 
in 85.5%.

As far as the timing of permanent pacemaker im-
plantation after cardiac surgery is concerned, various 
opinions exist. Hancock [19] has recommended that 
permanent pacemaker be implanted if persistent high 
degree AV block is detected within 3 days after the sur-
gical procedure, whereas Zakhia Doueihi et al. [7] have 
recommended that a permanent pacemaker be placed 
on the 10th day of postoperative heart block detection. 
In the recent American College of Cardiology/American 
Heart Association/North American Society of Pacing 
and Electrophysiology (ACC/AHA/NASPE) 2002 
guideline, it has been concluded that AV blocks that de-
velop following cardiac surgery have a variable course, 
and the decision of permanent pacemaker implantation 
is left to the physician [22]. It has also been mentioned 
in the guideline that permanent pacemaker is indicated 
in adults with AV blocks who are not expected to im-
prove and in children and adolescents if the 2nd or 3rd de-
gree AV block continues for 7 days or if the AV block is 
not expected to improve. In the present study, the mean 
postoperative hospital length of stay was 13 days in pa-
tients requiring permanent pacemaker. We believe that it 
would be better to reduce this period a bit more.

In conclusion, we found that the presence of preoper-
ative conduction abnormality and wide QRS in elderly 
patients were significant risk factors for the development 
of block following cardiac surgery. Further large-scale 
studies are needed to elucidate the exact mechanism of 
postoperative bradyarrhythmias.
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