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Introduction: Some pacemaker implanted patients have an atherosclerotic disease
which promotes conduction system ischemia and conduction disturbances. The aim of
this study was to determine prevalence of coronary artery disease (CAD) and its risk
factors in patients undergoing permanent pacemaker implantation (PPL).

Methods: This prospective, single-center hospital based study examined patients older
than 40 years who required PPI. Presence of atherosclerotic risk factors and CAD was
examined.

Results: Of 258 patients undergoing PPI, CAD was present in 50 (19.37 %) patients.
CAD was more common among middle age and elderly patients (P = 0.03). Patients
older than or equal 76.5 years had specificity of 78.8% for an association with CAD.
Multivariate analysis showed that age (odds ratio: 1.042; 95% confidence interval:
1.009-1.075; P = 0.01) and diabetes (odds ratio: 3.437; 95% confidence interval:
1.618-7.303; P = 0.001) had a statistically significant association with CAD. Of 169
patients with involvement of the atrioventricular (AV) node, 28 (16.6 %) had associated
left anterior descending artery (LAD) involvement with P = 0.01, suggesting an
association between LAD disease and chronic degenerative changes in the AV node.
Conclusion: CAD was present in 19.4% of patients undergoing PPI. Age and diabetes
had a strong association with CAD. LAD stenosis was significantly more prevalent in
AV nodal/ infra-hisian disease compared with sinus nodal disease.

INTRODUCTION

Symptomatic bradyarrhythmias occur in older patients
who have multiple coronary risk factors and often
present with angina-like symptoms [1]. Bradycardiais a
common clinical phenomenon and can be defined as
heart rate below 60 bpm. It may also be associated with
various rhythmic disorders such as sinus nodal disease
(SND) and atrioventricular (AV) blocks [2]. Patients
with regular or occasional conduction disturbance who
experience symptoms such as fatigue, presyncope or
syncope require permanent pacemaker implantation

(PPI) [3]. Many studies have shown that conduction
disturbances may be associated with acute conditions
such as myocardial infarction (MI), electrolytic
imbalance, certain drugs, myocardial disease, cardiac
injury and chronic conditions such as degenerative
diseases,  cardiomyopathies, hypertension  and
congenital heart disease (CHD) [3]. Some pacemaker
implanted patients also have a dormant atherosclerotic
disease which promotes conduction system ischemia

and produces conduction disturbances [3]. This study
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was performed to assess the prevalence of CAD and its
risk factors in patients undergoing permanent
pacemaker implantation.

MATERIALS AND METHODS

Study Design & Patient Population

This prospective, single-center hospital based study was
conducted at a tertiary-care center in India between
2011 and 2015. Consecutive patients older than 40
years requiring PPI were enrolled. Patients who
presented with symptomatic sick sinus syndrome (SSS)
or conduction disorders and fulfilled
ACCF/AHA/HRS criteria for PPI [4], were considered
for enrollment. Exclusion criteria were as follows; (a)
acute coronary syndrome (ACS); (b) myocarditis; (c)
infective endocarditis; (d) sepsis; (e) connective tissue
disorders; (f) infiltrative disorders; (g) muscle
dystrophies or systemic malignancies; (h) CHD,
valvular heart disease and cardiomyopathy; (i) end-
stage renal disease or electrolytic disturbances; (j)
patients taking drugs such as digoxin, beta-blockers,
calcium channel blockers or anti-arrhythmic agents; (k)
patients with allergies to contrast agents; and (1)
patients who did not consent for the study.

An informed consent was obtained from each patient.
The study was conducted in compliance with the
Declaration of Helsinki. The study protocol was
approved by the Institutional Ethics Committee.

Data Collection

A detailed history of presenting symptoms, past history
of similar complaints, family history of CAD or
conduction disorders, presence of atherosclerotic risk
factors and drug intake were collected from all patients.
Complete physical examination and cardiovascular
examinations were performed. Investigations such as
electrocardiogram (ECG), complete blood count,
kidney and liver function tests, lipid profile, fasting
blood sugar, thyroid profile along with serum
electrolytes were obtained. Echocardiography was
performed in all cases to rule out structural heart disease
or cardiomyopathies as well as to document left
ventricular function.

Coronary Angiography

Coronary angiography (CAG) was performed in all
patients by the standard Judkins technique. The
angiograms were assessed by two independent
cardiologists. CAD was defined as 50% diameter
stenosis [visual estimation as well as quantitative
coronary analysis (QCA) of lesion diameter, comparing
it with the adjacent normal segment] in at least one
major coronary artery [left anterior descending (LAD),
left circumflex (LCX) or right coronary artery (RCA)].
CAD was considered as single vessel disease (SVD),
double vessel disease (DVD) or triple vessel disease
(TVD) according to the number of major arteries or
their branches with obstructive (> 50 % diameter
stenosis ) atherosclerotic involvement.
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Statistical Analysis

All continuous variables were expressed as mean value +
standard deviation and categorical variables were
expressed as frequency and percentages. Comparisons
were performed for two groups, patients with
pacemaker in those with CAD or without CAD. Group
comparisons were performed by Student t-test for
continuous variables. Chi-square test or Fisher exact test
was used for categorical variables. Odds ratio and 95%
confidence interval of individual CAD risk factors were
calculated. A p-value of < 0.05 was considered
statistically ~ significant. ~ Statistical ~analysis was
performed by Statistical Package for Social Sciences
(IBM SPSS; Chicago, IL, USA) program, version 20.

RESULTS

CAD Prevalence and Prognosis

During the study period, 258 patients underwent PPIL.
Of them, 137 (53.1%) were males and 121 (46.9%)
females. 62.0% of patients (160 of 258 patients) had
complete heart block, 25.2% (6S of 258 patients) had
sick sinus syndrome (SSS), 9.3% (24 of 258 patients)
had symptomatic sinus bradycardia and 3.5% (9 of 258
patients) had AV/infrahisian block. Overall prevalence
of CAD in patients who underwent PPI was 19.37% (50
of 258 patients), as 10.46% (27 of 258 patients), 6.20%
(16 of 258 patients) and 2.71% (7 of 258 patients)
patients exhibited single vessel disease, double vessel
disease and triple vessel disease, respectively. LAD, RCA
and LCX obstruction was observed in 12.0%, 11.2% and
7.7% patients, respectively. In total, 1.55% of patients
underwent bypass surgery and 4.26% patients had past
history of CAD.

Univariate Analysis of CAD Risk Factors

The univariate analysis of demographic characteristics
in presence of CAD is detailed in Table 1. Mean age of
patients without CAD was 62.1 *+ 14.64 years and in
those with CAD was 69.2 £ 9.14 (P = 0.001). Among 50
patients who had CAD, 52.5% were smokers (P =
0.008), 50.0% had diabetes (P < 0.0001), 64.0% had
hypertension (P =  0.004), 32.0%  had
hypercholesterolemia (P = 0.05), 36.0% had alcohol
addiction (P =0.5) and 8.0% had CKD (P =0.7). Age of
> 76.5 years had sensitivity of 12.1% and specificity of
78.8% for detection of CAD as depicted in Figure 1 with
Receiver operating characteristic (ROC) curve.

Multivariate Analysis of CAD Risk Factors
Multivariate analysis of age, gender, diabetes, smoking,
hypertension and hypercholesterolemia was performed.
The analysis showed that age (odds ratio: 1.042; 95%
confidence interval: 1.009-1.075; P = 0.01) and
diabetes (odds ratio: 3.437; 95% confidence interval:
1.618-7.303; P = 0.001) had a statistically significant
association with CAD. The multivariate analysis of the
demographic characteristics in presence of CAD is
shown in Table 2.
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Table 1. Univariate Analysis of Age, Gender, Smoking, Diabetes, Hypertension, Alcohol Intake and Chronic Kidney Disease with the Presence of
Coronary Artery Disease

Coronary Artery Disease P Value
Absent (N =208) Present (N = 50)

Age (years) 62.10 + 14.635 69.20 £9.138 0.001
Age 0.03

< 4§ years 25 (12.0) 0 (0)

45-60 years 64 (31.3) 8 (16)

> 60 years 118 (56.7) 42 (84)
Gender 0.02

Male 103 (49.5) 34 (68.0)

Female 105 (50.5) 16 (32.0)
Smoking 65 (31.3) 26 (52.0) 0.008
Diabetes 41(19.7) 25 (50.0) 0.0001
Hypertension 85 (40.9) 32 (64.0) 0.004
Hypercholesterolemia 39(18.8) 16 (32.0) 0.05
Alcohol Intake 64 (30.8) 18 (36.0) 0.5
CKD 14 (6.7) 4(8.0) 0.7

Data in table are presented as No. (%) or Mean + SD
CKD: chronic kidney disease

Table 2. Multivariate Analysis of Diabetes, Smoking, Hypertension, Hypercholesterolemia, Gender and Age with the Presence of Coronary Artery
Disease by Logistic Regression

Odds ratio 95% Confidence Interval P Value
Lower Upper
Diabetes 3.437 1.618 7.303 0.001
Smoking 1.964 785 4916 0.1
Hypertension 1.656 0.799 3.431 0.1
Hypercholesterolemia 1.115 0.487 2.554 0.7
Female 0.712 0.276 1.837 0.4
Age 1.042 1.009 1.07§ 0.01

Table 3. Univariate Analysis of Indication of Pacemaker with Involvement of Individual Coronary Arteries.

Sinus nodal disease, (n = 89) AV Nodal/Infra-Hisian Disease, (n = 169) P Value
Normal coronaries 80 (89.9) 128 (75.7) 0.004
Abnormal coronaries 9 (10.1) 41 (24.3)
LAD 3(34) 28 (16.6) 0.01
RCA 7(7.8) 22 (13.0) 02
LCX 5(5.6) 15 (8.9) 0.4

Data in table are presented as No. (%)
LAD: Left anterior descending coronary artery; RCA: right coronary artery; LCX: left circumflex coronary artery; AV: atrioventricular

Indication of Pacemaker with Involvement of
Individual Coronary Arteries el
Indications were grouped into those affecting sinus
node like SSS along with sinus bradycardia and those
affecting AV node like varying degrees of AV
nodal/complete heart block or infra-hisian blocks and
with involvement with individual arteries. Among 258
patients, 89 patients (34.5 %) had involvement of sinus
node whereas 169 patients (65.5 %) had involvement of
AV node. Of those 89 patients with involvement of sinus
node, 65 patients (73 %) had SSS and 24 (27 %) had
symptomatic bradycardia. In 169 patients with
involvement of AV node, 160 patients (95 %) had
complete heart blockand 9 (5 %) had varying degrees of
AV nodal blocks/infra-hisian blocks. Among 89 patients
with sinus node disease, 3 (3.4 %) had LAD lesions, 7 0.0 : - -
(7.8 %) had RCA lesions and 5 (5.6 %) had LCX lesions. 00 02 0.4 06 08 10
Among 169 patients with AV node disease, 28 (16.6 %) 1 - Specificity

had LAD lesions, 22 (13‘0 %) RCA lesions and 15 (8‘9 Figure 1. Receiver operating characteristic (ROC) curve to identify

0.8

Sensitivity
o
1

%) LCX lesions. The univariate analysis of indication of
pacemaker with involvement of individual coronary
artery is described in Table 3.

the best cut-off value of vitamin D in predicting the presence of
coronary artery disease. In patients undergoing permanent pacemaker
implantation, patients with age > 76.5 years had sensitivity of 12.1%
and specificity of 78.8 % in detection of a coronary artery disease
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DISCUSSION

Our study found overall prevalence of CAD in patients
older than 40 years who underwent PPI as 19.4%
(50/258 patients). Very limited data was obtained on
prevalence of CAD and CAD risk factors amongst
patients undergoing a permanent pacemaker. Our study
showed that CHB or 3rd degree AV block (62%) and
SSS (25.2%) were the two main indications for
implantation of a pacemaker.

Prevalence of CAD in chronic conduction disturbance
has been reported as 15-70% depending on patient
characteristics, diagnostic modality and criteria used to
define CAD [1, 5-7]. In a necropsy series of 100 patients
with chronic heart block, Davies [S] reported that only
15% of patients had CAD of sufficient severity to
account for heart block. During 1960 CAD prevalence
rates were based on autopsy reports and insurance
statistics. According to these studies, prevalence rates
varied between 0.49-0.63% [8].

Hseuh et al. [1] performed selective CAG on 113
patients with symptomatic bradyarrhythmia and found
incident CAD in 20% of these patients. Brueck et al. [6]
in an angiographic study of 507 patients requiring
pacemaker implantation and at least one atherosclerotic
risk factor, found a remarkable 71% incidence of CAD.
Alai et al. [2] revealed an overall 45% incidence of CAD
and 29% incidence of significant CAD in these patients.
Our study revealed a prevalence rate of 19.4% of CAD
in patients who underwent PPI during 2011-2015.

Our study also showed that males (68.0%) were more
affected than females (32.0%) and the elderly group (>
60 years) was more prone to CAD. Our study also
showed that coronary angiography in patients older or
equal 76.5 years had sensitivity of 12.1% and specificity
of 78.8% in detection of a CAD. Hseuh et al. [1] in a
study included 113 patients of whom 68 (60.2%) were
males and 45 (39.8%) females. In another study,
prevalence of CAD was 6.5 times higher in males than
females [8].

Transient AV block is a common complication of acute
MI [especially inferior wall myocardial infarction
(IWMI)]. Chronic CAD is one of the causes of AV block
although it is a much less common cause than idiopathic
fibrosis of the conduction system [9]. Ginks et al. [10]
showed that among 30 patients who were enrolled for
PPI without any symptoms of CAD, CAG revealed
CAD in 13 of the patients (43%).

Bassan etal. [11] in a prospective study showed that 11
of 51 (21.6%) patients who survived an IWMI had some
degree of AV block and 90% of patients with AV block
had simultaneous obstruction of RCA and LAD.
Patients with IWMI and LAD artery obstruction had a
six fold higher risk for AV block if the LAD had 75% or
more stenosis before the second septal perforator. The
presence of heart block had a sensitivity, specificity and
predictive value of 31%, 95%, and 91% for the presence
of LAD obstruction, respectively. However, these

53

findings of Bassan et al. are contradicted by
Thrombolysis in Acute Myocardial Infarction (TAMI)
[12] and Thrombolysis in Myocardial Infarction
(TIMI) [13] populations. Many studies have proven
that the LAD is the most common coronary artery
involved by atherosclerosis, especially type V
atherosclerosis and in myocardial infarction [14-16].
Our study showed that 12.0%, 11.2% and 7.7% of
patients had significant LAD, RCA and LCX
obstruction, respectively.

In our study, LAD stenosis was associated with the
presence of AV nodal/infra-hisian disease when
compared to sinus nodal disease (SND) as shown in
Table 3. RCA and LCX were not statistically associated
with either SND or the AV nodal/infra-hisian disease. In
acute MI especially IWMI, RCA stenosis is associated
with AV nodal/infra-hisian dysfunction in the form of
varying degrees of AV block. The patients with ACS
requiring pacemaker were excluded in our study group
and all had presumed chronic degenerative etiology.
Thus, we can conclude that compared to patient with
sinus nodal disease, LAD lesion was more prevalent in
AV nodal disease patients.

Mortality in patients with SND is determined by nature
and progression of associated cardiac or systemic
disease, control of tachyarrhythmia and risk of
thromboembolic complications. In a study of 148
patients who received pacemaker for SND, the survival
rate at 1, 5 and 10 years were 84%, 57% and 27%,
respectively which showed decreased life expectancy
[9].

The SND trial which included 2010 elderly patients
showed that most deaths were due to non-cardiac causes
[9]. Patients who present with acute MI and
intraventricular conduction defects with the exception
of having left anterior hemi-block have an unfavorable
prognosis and a higher incidence of sudden cardiac
death. It is associated with extensive myocardial
necrosis, malignant arrhythmias and pump failure [9].
It has been indicated that coronary revascularization
(both percutaneous coronary intervention and bypass
grafting) has little if any, role in reversing the conduction
defect in case of chronic degenerative conduction
blocks. Therefore, we proceeded with pacemaker
insertion in these patients and they were re-vascularized
later. Appropriate management of CAD with
pharmacological or interventional therapy is also more
likely to improve the long-term outlook of these
patients.

Limitations

Though we included 258 patients for pacemaker
insertion, none of them were subjected to
electrophysiological (EP) study to identify the exact
location of conduction block. This was mainly because
in routine practice as per ACC/AHA guidelines, we
usually offer pacemaker depending on clinical
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presentation and very rarely perform EP studies to prove
the need for pacemaker insertion.

CONCLUSION

CAD was present in 19.4% of patients undergoing
pacemaker implantation signifying a strong association
between conduction blocks and CAD. LAD stenosis is
significantly associated with AV nodal/infra-hisian
disease. Age and diabetes have a strong association with
the presence of CAD implying the fact that people older
than 70 years and with diabetes should be screened for
CAD.
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