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Background: Permanent pacemaker implantation (PPI) is widely used for the treatment of chronic
arrhythmia. The aim of the present study was to investigate the incidence of postoperative complications and
the risk factors in patients with PPL.

Methods: The clinical data of 124 patients who underwent PPI in our hospital from January 2014
to January 2018 were collected and analyzed retrospectively. Data on sex, age, status of disease, and
related complications of all patients were recorded, and differences were compared. The factors affecting
postoperative complications in patients with PPI were analyzed.

Results: The incidence of postoperative complications in 124 patients with PPI was 8.06% (10/124),
including 4 cases with capsular hematoma (3.23%), 2 cases with capsular rupture (1.61%), 3 cases with
capsular infection (2.42%) and 1 case with venous thrombosis (0.81%). Unconditional single-factor logistic
regression model showed that the incidence of postoperative complications in patients with PPI was
significantly greater with older age, high body mass index (BMI), smoking history, poor nutritional status,
and decreased platelet counts (P<0.05). Results of the unconditional multivariate logistic regression analysis
showed that older age, high BMI, smoking history, poor nutritional status, and decreased platelet counts
were all independent risk factors of postoperative complications in patients with PPI (P<0.05).
Conclusions: The incidence of postoperative complications in patients with PPI was low, and the
complications were mainly related to capsular bag. Factors, such as older age, high BMI, smoking history,
poor nutritional status, and decreased platelet counts, were independent risk factors resulting in postoperative

complications in patients with PPI.
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Introduction

With the development of the economy and improvements
in living standards, the aging structure of China is gradually
increasing. However, this brings an increase in age-related
diseases, such as diabetes, hypertension, and coronary heart
disease. Among these diseases, coronary heart disease is
most common, which is also called coronary atherosclerotic
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disease. The current treatments of coronary heart disease
include drug therapy, interventional therapy and surgical
treatment (1). Drugs on antiplatelet, anticoagulant and
lipid regulating therapy are the key to the prevention and
treatment of coronary heart disease. However, the effects
of antiplatelet drugs in the population are very diverse, and
some patients cannot achieve sufficient degree of platelet
inhibition effect after taking antiplatelet drugs, called aspirin
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or clopidogrel resistance (2). Therefore, the development
of new antiplatelet drugs has been the focus of research, and
ISAR-REACT 3 is one of the most interesting aspects of
anticoagulant therapy for coronary heart disease. ESC and
AHA/ACC/SCAI guidelines continue to regard surgical
bypass grafting as standard treatment for left main disease (3).
Interventional therapy is only the alternative treatment of
high-risk patients who are not suitable for surgical bypass
transplantation. Moreover, an increasing number of clinical
trials (4,5) have shown that stenting in the treatment of
unprotected left main disease is comparable to surgical
bypass transplantation in the near term. Coronary heart
disease can have many manifestations, chronic arrhythmia is
one of the common types (6). At present, there are various
clinical therapies for chronic arrhythmias. The implantation
of permanent cardiac pacemakers has been widely used in
clinical practice because of its good treatment efficacy for
severe bradyarrhythmias, partial tachyarrhythmias, and
other cardiac disorders (7). With the increasing number
of patients with chronic arrhythmias, the application of
permanent pacemaker implantation (PPI) has gradually
increased in recent years (8). In has been reported that
there are about 3.25 million patients implanted with
permanent pacemaker in China. However, with the increase
of treatments, research has found that PPI is an invasive
procedure that may make patients at risk of complications at
the same time of improving the survival rate of patients (9).
It has been proposed in relevant studies (10) that there will
be capsular complications after PPI, but there has been
no further in-depth study on why and how to effectively
avoid such complications. Therefore, how to reduce the
occurrence of pacemaker complications and improve
the efficacy of pacemaker has attracted more and more
attention from clinicians. In the present study, we discuss
the incidence of postoperative complications of patients
with permanent cardiac pacemaker implantation, and
analyze the related risk factors of these complications,
which might provide further guidance for preventing PPI
postoperative complications and improving the prognosis
of patients. We present the following article in accordance
with the STROBE reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-2913).

Methods
Patients

A total of 124 patients who underwent permanent cardiac
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pacemaker implantation in our hospital from January
2014 to January 2018 were selected for participation in
the present study. The patients included 74 males and 54
females, aged 30-86 years (mean: 64.28+5.08 years).

The inclusion criteria were as follows: (I) patients
>20 years; (II) patients who met the criteria of chronic
arrhythmia according to the 1998 American College of
Cardiology/American Heart Association (ACC/AHA) and
the 2002 Chinese Medical Association’s electrophysiology,
and the PPI standard in the implantable device guide of
the annual meeting (11). The exclusion criteria were as
follows: (I) patients with PPI contraindications; (II) patients
who cannot finish the operation; (III) patients have other
heart diseases besides chronic arrhythmia; (IV) patients
with malignant tumors; (V) patients with primary mental
disorders; and (VI) patients with incomplete or inaccurate
clinical data. This study was approved by Affiliated
Hospital of Zunyi Medical University (No. [2016]2-103).
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). Individual consent for this
retrospective analysis was waived.

Data collection and operation methods

The clinical data of all patients were retrospectively
analyzed. For the PPI preparation, all patients underwent
subclavian vein puncture using accepted implantation
methods; pacemaker lead wires were then implanted and
the pacemaker was implanted with a single incision on the
puncture side. The implanted pacemakers were single-
chamber pacemakers and dual-chamber pacemakers. All
patients underwent electrocardiogram monitoring during
the perioperative period. The parameters of the electrode
lead were tested during the operation. After operation,
the puncture site was compressed by sandbags for
6-8 h, and the patients were instructed to rest in the supine
position for 24-48 h. Antibiotics were used for 3 days to
prevent infection. The stitches were generally removed on
postoperative day 7.

Clinical data

Clinical data, such as sex, age, disease status, and incidence
of related postoperative complications, were recorded for all
patients, and the differences were compared to analyze the
relevant risk factors affecting the incidence of complications
following PPI.
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Statistical analysis

All data were analyzed by SPSS version 18.0. Normally
distributed data were presented as mean = standard
deviation. Count data were presented as the adoption
rate and composition ratio, and analyzed by y’-test.
Unconditional univariate and multivariate logistic
regression models were used to analyze the related risk
factors affecting the postoperative complications of
patients with PPI. P<0.05 was considered to be statistically
significant.

Results
Postoperative complications of patients with PPI

Based on the clinical data, the complication rate of the 124
patients with PPI was 8.06% (10/124), including 4 cases
(3.23%) with cystic hematoma, 2 cases with cyst rupture
(1.61%), 3 cases with capsular infection (2.42%), and 1 case
with venous thrombosis (0.81%).

Single-factor analysis of postoperative complications in
patients with PPI

Unconditional univariate logistic regression model analysis
showed that the incidence of postoperative complications of
PPI significantly increased in patients who were older and
had high body mass index (BMI), a history of smoking, poor
nutritional status, and reduced platelet counts than those
who were younger, with a normal BMI, no smoking history,
good nutritional status, and normal platelet counts (P<0.05)
(Table 1).

Multifactor analysis of postoperative complications in
patients with PPI

Based on the unconditional multivariate logistic regression
model analysis, older age, high BMI, smoking history,
poor nutritional status, and low platelet counts were
all independent risk factors that led to postoperative
complications in patients with PPI (P<0.05) (1able 2).

Discussion

The permanent artificial cardiac pacemaker performs
artificial cardiac pacing through implantation of long-
term endocardial electrodes and pulse generators, which
is the most effective treatment for irreversible dysfunction
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of cardiac pacing or conduction. However, because this
treatment is still an invasive treatment, the incidence of
complications cannot be prevented. According to previous
clinical data, related complications, such as capsular bag and
blood vessel problems, are common in patients undergoing
PPI. If these complications are not treated in a timely
manner, the treatment efficacy and prognosis of PPI in
patients might be affected, along with the progression of
the disease. Therefore, PPI complications have become a
focus of research among cardiovascular physicians (12,13).
Relevant data have previously shown that the postoperative
complication rate of patients with PPI is approximately
8.2-17.4%. The results of the present study showed that
the postoperative complication rate of the enrolled 124
patients with PPI was 8.06% (10/124), which was similar to
the findings a previously published study (14).

The data of the present study showed that patients
with PPI who were older, and had a high BMI, a history
of smoking, poor nutritional status, and reduced platelet
counts had significantly greater postoperative complications
than those who were younger, with no smoking history,
normal BMI, good nutritional status, and normal platelet
counts. Previous clinical studies have reported that
incomplete intraoperative hemostasis, hemorrhage of small
arteries in the sac cavity, improper size of the capsular
bag, and multiple punctures can all increase the risk of
postoperative cystic hematoma. on the other hand, the
use of anticoagulant drugs and older age can both lead
to an increased risk of cystic hematoma among patients.
Studies have shown that excessive use of heparin and the
combined use of heparin with aspirin can result in a greater
incidence of cystic blood lipids (15), indicating that the
discontinuation of anticoagulant drugs before surgery has
important clinical significance for patients. The findings
of the present study also showed that the incidence of
complications was significantly greater in patients who were
older or who used anticoagulant drugs, which is similar to
previous reports. Therefore, among the patients treated
with permanent cardiac pacemaker implantation, the
patients receiving anticoagulant therapy must stop using
anticoagulant drugs for at least 3 d before the pacemaker
implantation surgery and lasting until 7-10 d after the
operation, so that the prothrombin time and hemostasis
time of the patients can reach normal. One previously
published study demonstrated that that poor nutritional
status and more times of operation could further lead to the
incidence of capsular rupture in patients, suggesting that
they both are risk factors for this complication (16), and this
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Table 1 Single-factor analysis of postoperative complications in patients with permanent pacemaker implantation

Risk factor With complications (n=10)  No. of complications (n=114) yP-test P value

Age, n (%) 5.636 0.018
>60 years (n=82) 10 (12.20) 72 (87.80)
<60 years (n=42) 0(0.00) 42 (100.00)

BMI, n (%) 5.455 0.020
=30 kg/m’ (n=72) 8(11.11) 64 (88.89)
<30 kg/m’ (n=52) 2 (3.85) 50 (96.15)

Smoking history, n (%) 4.762 0.029
Yes (n=98) 9(9.18) 89 (90.82)
No (n=26) 1(3.85) 25 (96.15)

Times of operation, n (%) 0.286 0.620
1 (n=108) 8(7.41) 100 (92.59)
>2 (n=16) 2 (12.50) 14 (87.50)

Length of operation, n (%) 0.041 0.840
>2 h (n=16) 3(18.75) 13 (81.25)
<2 h (n=108) 7 (6.48) 101 (93.52)

Anticoagulant use, n (%) 1.358 0.244
Yes (n=26) 2 (7.69) 24 (92.31)
No (n=98) 8(8.16) 90 (91.83)

Pacemaker type, n (%) 2.442 0.118
Single chamber (n=28) 3(10.71) 25 (89.29)
Double chamber (n=96) 7 (7.29) 89 (92.71)

Nutritional status, n (%) 6.328 0.032
Normal (n=104) 1(0.96) 103 (99.04)
Poor (n=20) 9 (45.00) 11 (55.00)

Blood platelet counts, n (%) 7.862 0.016
Normal (n=108) 2(1.85) 106 (8.15)
Low (n=16) 8 (50.00) 8 (50.00)

BMI, body mass index.

conclusion is also confirmed by this study. The mechanism
underlying this phenomenon may be that, as nutritional
status decreases, resistance of patients to some diseases is
significantly reduced. Due to the shallow position of the
capsular bag under the skin, when nutritional status is poor,
or there are comorbidities, the blood supply of the skin may
be affected to a certain extent, leading to the poor prognosis
of the capsular bag. For elderly patients, the aging of the
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blood vessel wall is a concern, as blood rheology is subject
to change. In addition, elderly patients are more likely
to have hypercoagulability to varying degrees and to be
bedridden after the operation, which will lead to poor blood
circulation, and result in postoperative complications, such
as venous thrombosis. In a previously published study, it
was shown that the risk of venous thrombosis increases
with age (17,18), suggesting that for the elderly patients
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Table 2 Multifactor analysis of postoperative complications in patients with permanent pacemaker implantation

Risk factor Regression coefficient SEM Wald y*-test P value Hazard ratio (95% Cl)
Age (years) 0.530 0.208 4.242 0.039 1.70 (1.13-2.55)
BMI 0.624 0.228 4.419 0.036 1.87 (1.19-2.92)
Smoking history 0.621 0.302 4113 0.043 1.86 (1.03-3.36)
Nutritional status 0.568 0.256 4.402 0.036 1.76 (1.07-2.91)
Blood platelet counts 0.762 0.336 7.333 0.007 214 (1.11-4.14)

BMI, body mass index; Cl, confidence interval; SEM, standard error of mean.

who undergo PPI, blood flow should be closely monitored
and appropriate activities should be suggested to avoid
complications, such as venous thrombosis. The blood of
obese patients is relatively viscous. Excessive pressure in
the right heart reduces the blood flow, leading to blood
stasis and thrombosis. Age, obesity, smoking history,
diabetes mellitus, blood hypertension, hypertriglyceridemia,
and metabolic syndrome are all risk factors for PPI
complications. Smoking >15 cigarettes a day increases the
relative risk of venous thrombosis by 2.82-folds than that of
non-smokers (19). The increased oxidation of low-density
lipoprotein in patients who smoke leads to an increase of
blood viscosity and coagulability, and an increased risk of
thrombosis (20). The findings of this study also indicated
that older age, high BMI, smoking history, poor nutritional
status, and low platelet counts were independent risk factors
for postoperative complications in patients with PPI,
suggesting that for patients who are elderly, obese, have
a smoking history, poor nutrition status, or low platelet
PPI, patients should have regular monitoring, with drugs
administered to reduce the incidence of postoperative
complications and improve prognosis. Therefore, it is
recommended to take the following effective measures for
the patients treated with PPI: (I) stop using anticoagulant
and anti-platelet drugs for more than 10 d before pacemaker
implantation, and treat the patients with decreased platelet
count and abnormal coagulation indexes, and delay
pacemaker implantation if necessary; (II) Preoperative
evaluation of elderly patients and malnourished patients
should be strengthened; (III) Timely find and relieve the
complications to avoid aggravating the impact on the
prognosis of patients.

In summary, the incidence of postoperative complications
in patients undergoing PPI is low, and the major
complications are related to capsular bag. Factors, such
as older age, high BMI, smoking history, poor nutritional
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status, and low platelet counts are all independent risk
factors for postoperative complications in patients with PPI.
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