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Predictors of complications and mortality
among patients undergoing pacemaker
implantation in resource-limited settings:

a 10-year retrospective follow-up study
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Abstract

Introduction Pacemakers (PMs) are used to treat patients with severe bradycardia symptoms. They do, however,
pose several complications. Even with these risks, there are only a few studies assessing PM implantation outcomes
in resource-limited settings like Ethiopia and other sub-Saharan countries in general. Therefore, this study aims

to assess the mid-term outcome of PM implantation in patients who have undergone PM implantation in the Cardiac
Center of Ethiopia by identifying the rate and predictors of complications and death.

Methodology This retrospective study was conducted at the Cardiac Center of Ethiopia from October 2023 to Janu-
ary 2024 on patients who had PM implantation from September 2012 to August 2023 to assess the midterm outcome
of the patients. Complication rate and all-cause mortality rate were the outcomes of our study. Multivariable logistic
regression was used to identify factors associated with complications and death. To analyze survival times, a Kaplan—
Meier analysis was performed.

Results This retrospective follow-up study included 182 patients who underwent PM implantation between Sep-
tember 2012 and August 2023 and were at least 18 years old. The patients' median follow-up duration was 72 months
(Interquartile range (IQR): 36-96 months). At the end of the study, 26.4% of patients experienced complications. The
three most frequent complications were lead dislodgement, which affected 6.6% of patients, PM-induced tachycar-
dia, which affected 5.5% of patients, and early battery depletion, which affected 5.5% of patients. Older age (Adjusted
Odds Ratio (AOR) 1.1, 95% CI 1.04-1.1, p value < 0.001), being female (AOR 4.5, 95%Cl 2-9.9, p value < 0.001), having dual
chamber PM (AOR 2.95, 95%Cl 1.14-7.6, p value= 0.006) were predictors of complications. Thirty-one (17%) patients
died during the follow-up period. The survival rates of our patients at 3, 5,and 10 years were 94.4%, 92.1%, and 65.5%
respectively with a median survival time of 11 years. Patients with a higher Charlson comorbidity index before PM
implantation (AOR 1.2,95% Cl 1.1-1.8, p=0.04), presence of complications (AOR 3.5, 95% Cl 1.2-10.6, p<0.03), and New
York Heart Association (NYHA) class Il or IV (AOR 3.3, 95% Cl 1.05-10.1, p=0.04) were associated with mortality.

Conclusion Many complications were experienced by patients who had PMs implanted, and several factors affected
their prognosis. Thus, it is essential to identify predictors of both complications and mortality to prioritize and address
the manageable factors associated with both mortality and complications.
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Introduction
Pacemakers, which are small electronic devices

implanted under the clavicle in the chest to sense and
stimulate the heart’s electrical activity, are used to treat
patients with severe symptoms of bradycardia [1-3]. It
has been available as a treatment option for patients with
clinically significant bradyarrhythmia since its introduc-
tion in 1958 [4]. The most common indications for its
implantation are Sinoatrial(SA) node dysfunction and
high-grade Atrioventricular(AV) block [4, 5].

Even though regional differences in pacemaker implan-
tation rates exist, the global pacemaker implantation rate
is rising due to an aging population [6, 7]. The increased
rate of implantation is because of its main benefits, which
include improved quality of life and prolonged life expec-
tancy [2, 7]. It has moreover proven a significant techno-
logical breakthrough, adding to its advantages [4].

But whether it is performed by an expert or inexperi-
enced operator, there are complications associated with it,
just like with any other invasive procedure [2, 8, 9]. Device
malfunction and hardware implantation can lead to com-
plications [6]. The estimated range of the complication
rate is between 1 and 6%, with variations across studies [8].
Pneumothorax, hemorrhage/pocket bleeding, infection,
pacemaker syndrome, superior vena cava syndrome, lead
failure, and death are some of the complications that occur
immediately after the procedure or later [8—13].

In sub-Saharan Africa, cardiac pacing is a relatively
new concept with limited application [14]. Therefore,
there is, however, a dearth of information regarding the
mid-term outcomes (in terms of complication and mor-
tality rate) of pacemaker implantation in adult patients
in Ethiopia and throughout Africa. For example, there is
only one study about complications related to pacemak-
ers in Ethiopia [15]. The purpose of this study is to evalu-
ate the mid-term outcomes for pacemaker implantations
in adult patients treated at the Cardiac Center of Ethiopia
by determining the rate of complications and mortality as
well as the factors associated with them.

Methods

Study area and period

This study was conducted at the Cardiac Center of Ethio-
pia in Addis Ababa, Ethiopia, between October 2023 and
January 2024, on patients who had undergone pacemaker
implantation between September 2012 to August 2023.
Pacemaker implantations were carried out by both local
interventional cardiologists and a medical mission cam-
paign from abroad. The center has three ECG machines
and two Medtronic pacemaker programming machines
available for use in patients to monitor their condition.
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Study design
A retrospective, hospital-based follow-up study.

Eligibility criteria

This study included all patients over 18 years old who
received a permanent pacemaker at the Cardiac Center of
Ethiopia. Patients under the age of 18, those who under-
went temporary pacemaker implantation, those with
Cardiac Resynchronization Therapy (CRT), those with
Intracardiac Cardioverter Defibrillator (ICD) devices,
and those with incomplete charts or medical records
were excluded.

Study variables
The dependent variables were the
complication/s or mortality of any cause.
Independent variables include age, sex, nutritional
status of the patient, comorbidity presence, Charlson
comorbidity index, category of symptoms leading to
implantation, New York Heart Association (NYHA) class
of heart failure, pulmonary hypertension grade, pres-
ence of valve lesion, Tricuspid Annular Plane Systolic
Excursion(TAPSE), Ejection Fraction(EF), Left Ventricu-
lar End Diastolic Diameter (LVEDd), index arrhythmia,
type of pacemaker, venous access, mode of pacemaker
lead fixation, pacemaker brand, and initial programmed
values of the pacemaker.

presence of

Outcomes of the study

The presence of any of the complications (Lead dislodge-
ment, Early battery failure, Pacemaker induced tachycar-
dia, Pocket site infection and hematoma, Pleural Effusion,
Sepsis, Pericardial Effusion, Infective Endocarditis, Sub-
cutaneous Emphysema and Moderate Tricuspid regurgi-
tation due to looped wire) and Mortality of any cause.

Operative techniques and procedures

In most cases, the left infraclavicular fossa in the
antepectoral plane was the preferred pocket to implant
the generator using a local anesthetic of 1% lidocaine.
However, if there was a pocket site infection, the right
side was utilized. The left subclavian vein, left axillary
vein, right subclavian vein, or left cephalic vein were
chosen for lead insertion. According to our protocol,
all patients received prophylactic antibiotics, either
IV ceftriaxone or IV cefazolin, one hour before sur-
gery. Pacemaker lead fixation was performed either
passively or actively. Anticoagulant medication was
discontinued in our patients the night before the pro-
cedure. Most patients were discharged from the hospi-
tal the day after surgery.
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The following terms and operational definitions are used
The Charlson Comorbidity Index was calculated by
adding the patient’s assigned weights for any comorbid
conditions; if there are no comorbid conditions, a value
of 0 is assigned. Underweight (<18.5 kg/m2), normal
(18.5-24.9 kg/m2), overweight (>25 kg/m2), and obese
(>30 kg/m2) were the BMI classifications used in this
study. The tricuspid regurgitation jet velocity and the
right atrial pressure, which is determined by the size and
collapsibility of the inferior vena cava, were used to cal-
culate the pulmonary artery systolic pressure using tran-
sthoracic echocardiography.

A battery that depletes before the lifespan recom-
mended by the manufacturer is referred to as an early
battery failure. Among the categories of symptoms, the
patient is placed in the Cheyne Stoke attack group if one
of their symptoms is syncope; if they have presyncope or
dizziness but no syncope, they are placed in the Cheyne
Stoke equivalent group; and if they do not have any of
these symptoms, they are placed in the other symptoms
group. If the patient has at least one complication, he/she
is labeled as having a complication. Complications classi-
fied as early are those that happen within a month follow-
ing the procedure and late complications are those after
a month.

Data collection tool and procedure

A structured questionnaire was used for data collection.
The tool was created after a careful review of the litera-
ture. From the body of research, a list of ICD-10-AM
diagnosis codes representative of pacemaker implan-
tation-related complications was created [16—18]. The
data used in this study were obtained from a review of
the patient’s medical records and phone contact of fam-
ily members of the patient for death confirmation. About
death, the endpoint was established as the death of any
cause because it was difficult to ascertain the exact cause
of death for most patients based on the data obtained.
Administration and data collection were supervised by
experienced health professionals. A two-day training was
organized for supervisors and data collectors. The train-
ing focused heavily on research objectives, instrument
content, data collection method, ethical aspects, and data
collection tasks.

Data quality control

The focus was on well-designed data collection tools to
ensure data quality. To ensure validity and consistency,
the instrument was pretested on 5% of the sample out-
side the study area. The principal investigator led and
supervised the entire data collection process.
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Data processing and analysis

The data was manually examined to ensure its accuracy.
The data was coded and then exported to SPSS for Win-
dows, version 25 (SPSS, Chicago, IL, USA) for analysis
after being cleaned up with the Epi-data tool, version
4.4.2.1. Using the Shapiro—Wilk test, the normality of
continuous variables was checked out. The normality test
results were used to inform the decision, and the relevant
descriptive statistics for continuous variables were then
run. Categorical variables were described using absolute
frequency and percentages. Tables and graphs were used
to present the data. We computed crude and adjusted
odds ratios to examine the relationship between predic-
tors and the outcome variable (mortality or complica-
tions related to pacemakers). To control for confounders,
variables with a statistically significant association with
the outcome variable at P-value <0.20 in the univariable
logistic regression analysis were considered candidates
for the multivariable logistic regression. If a variable had
a p-value of less than 0.05 at a 95% confidence interval,
we identified it as a potential independent predictor of
pacemaker-related complications or death. The 3-year,
5-year, 10-year, and median survival time of patients
were estimated using the Kaplan—Meier estimator.

Results

Sociodemographic and clinical characteristics

of the patients

The clinical and sociodemographic features of car-
diac patients who had pacemaker implantation at the
Cardiac Center of Ethiopia are illustrated in Table 1
and Figs. 1, 2, 3 and 4. The median age of the patients
was 65 years old, with a M: F ratio of 1.1. 63.2% of the
patients were underweight or of normal weight. More
than 3/4th (75.8%) of the patients had comorbidi-
ties, of which 55 (30.2%) had one, 46 (25.3%) had two,
19 (10.4%) had three, and 4 (2.2%) had four, respec-
tively. The most common comorbidity was hyperten-
sion (62.1%), which was followed by diabetes mellitus
(47.8%). The median comorbidity index was 2, with
56% of patients experiencing only one symptom, 17.7%
experiencing two symptoms, 5.5% experiencing three
symptoms, and 16.5% experiencing four symptoms. At
presentation, syncope was the most common symptom
(67, or 36.8%), followed by easy fatigability (23.1%), and
dyspnea (22%). Cheyne stoke equivalents (presyncope
or dizziness) accounted for 39% of the primary symp-
toms reported by patients at the time of presentation.
75.3% of patients had symptoms classified as NYHA
class 1 or 2. Moderate to severe pulmonary hyperten-
sion was present in just 24.7% of patients, or nearly
1/4th. 53.3% of the patients had valve lesions, more
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Table 1 Presents the sociodemographic and clinical
characteristics of patients who underwent pacemaker
implantation at the Cardiac Center of Ethiopia from 2012 to 2023

Table 1 (continued)
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Patients characteristics

Frequency(percentage)

Initial ventricular threshold in volts, median

0.65(0.5-0.9)

Patients characteristics

Frequency(percentage)

Age in years, median (IQR)

65(58.8-72.3)

Sex
Male 95(52.2)
Female 87(47.8)

Nutritional status based on BMI measured in kg/mza, n (%)

Underweight or normal 115(63.2)
Overweight or obese 67(36.8)
Comorbidity/ies yes, n (%) 138(75.8)

Charlson comorbidity index, median (IQR) 2(1-3)

Category of symptoms leading to implantation, n (%)

Cheyne stokes attack(syncope) 67(36.8)

Cheyne stokes equivalents (presyncope 71(39)
or dizziness)

Other symptoms 44(24.2)
NYHA class of HF, n (%)

1or2 137(75.3)

3or4 45(24.7)
Pulmonary hypertension grade, n (%)

No or mild 142(78)

Moderate or severe 40(22)
Presence of valve lesion yes, n (%) 97(53.3)
TAPSE in mm, median (IQR) 21(20-24)
EF, median (IQR) 63(60-68)
LVEDd, median (IQR) 39(35-41)
Diastolic dysfunction yes, n (%) 79(43.4)
Grade of diastolic dysfunction

One 145(79.7)

Two or three 37(20.3)
Index arrhythmia

Complete heart block 138(75.8)

2nd degree AV block 20(11.1)

Atrial fibrillation with slow ventricular 10(5.5)
response

Sinus node dysfunction 7(3.8)

Symptomatic sinus bradycardia 7(3.8)
Types of pacemaker, n (%)

Single chamber (VVI/VVIR) 56(30.8)

Dual chamber (DDD/DDDR) 126(69.2)
Venous access, n (%)

Subclavian 167(91.8)

Cephalic or axillary 15(8.2)
Mode of fixation, n (%)

Passive 20(11)

Active 162(89)
Brand of a pacemaker, n (%)

Medtronic 159(87.4)

St Jude 23(12.6)
Initial atrial threshold in volts, median (IQR) 0.63(0.5-0.8)

(IQR)
Initial atrial resistance in holms, median (IQR)  516(450-597)
Initial ventricular resistance in holms, median  655(554-798)

(IQR)

Initial P wave in millivolts, median (IQR) 2.5(1.5-3.2)
Initial R wave in millivolts, median (IQR) 41(2-9)
Initial atrial sensitivity in millivolts, median 0.5(0.5-2)
(IQR)

Initial ventricular sensitivity in millivolts, 2.8(2-2.8)
median (IQR)

Pulse width in milliseconds, n (%)

04 115(57.2)
0.5 86(42.8)
On medications yes, n (%) 136(74.7)
Follow-up duration in months, median (IQR)  72(36-96)

Complications yes, n (%) 48(26.4)

Death yes, n (%) 31(17)

Other symptoms include symptoms of heart failure (easy fatigability, dyspnea,
and body swelling) and symptoms like chest pain and palpitation

Abbreviations: NYHA New York Heart Association, HF Heart Failure, IQR
Interquartile range, TAPSE Tricuspid Annular Plane Systolic Excursion, EF Ejection
Fraction, LVEDd Left Ventricular End Diastolic diameter, AV Atrioventricular

Terms: VVIR mode stands for Ventricular pacing, Ventricular sensing, Inhibitory
response to a sensed event, and Rate modulation, DDDR mode stands for Dual
chamber pacing with Dual Sensing and Dual Response

2 BMI Categories (kg/m?): Underweight: < 18.5; Normal:18.5-24.9; Overweight:
29-29.9; Obese > 30

than half. 21 mm, 39 mm, and 63%, respectively, were
the median TAPSE, LVEDd, and EF. 43.4% had diastolic
dysfunction. For over three-quarters of the patients
(75.8%), a complete heart block was the reason for
pacemaker implantation. 69.2% of patients had a dual
chamber pacemaker (DDD/DDDR) implanted. 91.8
percent of patients had their pacemakers implanted via
the subclavian vein. Approximately 87.4% of patients
used a Medtronic brand, and 89% of patients under-
went active fixation during implantation. Initially,
the ventricular and atrial thresholds were set at 0.65
and 0.63 V, respectively. 74.7% of the patients were on
medication. One medication was taken by 47.2% of
the patients, two by 16.5%, three by 5.5%, and four by
5.5% of the patients. The most often prescribed medica-
tion for the patients (22%), was an ACE inhibitor. The
median duration of follow-up was 72 months (IQR,
36-96), (Range 2-144). Forty-Eight (26.4%) patients
developed complications; 34 patients (18.7%) had one
complication; 10 patients (5.5%) had two complica-
tions; 2 patients (1.6%) had three complications; and
4 patients (1.6%) had 4 complications. 6.6% of patients
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Fig. 1 Depicts the type of symptoms experienced by patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia
from 2012 to 2023. Note: A single patient may have more than one symptom

experienced lead dislodgement, which was the most
common complication. Early battery failure (5.5%)
and pacemaker-induced tachycardia (each occurred in
5.5% of patients) were the second most common pace-
maker-related complications. The early pacemaker-
related complications occurred in 18.9% of patients
and included pacemaker-induced tachycardia, pocket
site hematoma, pocket site infection, pericardial effu-
sion, pleural effusion, subcutaneous emphysema, and
pneumothorax; all other complications occurred later.
Thirty-one (17%) patients died during the follow-up
period. Nine patients (5%) died from COVID-19-asso-
ciated complications (that was ARDS), three patients
(1.6%) from complications related to diabetes (that was
renal failure), and 19 patients (10.4%) had an unknown
cause of death.

Predictors of complications

Multivariable logistic regression analysis revealed that
age, sex, pacemaker type, and NYHA class of heart failure
were associated with pacemaker-related complications,
as shown in Table 2. Furthermore, Table 2 demonstrated
that age, sex, and pacemaker type were the variables
associated with pacemaker-related complications in mul-
tivariate analysis. When a person becomes one year older,
his odds of developing pacemaker-related complications
increase by 10%. Compared to males, females had a 4.5
times higher likelihood of developing pacemaker-related

complications. Patients with Dual-chamber pacemak-
ers were three times more likely to develop pacemaker-
related complications than patients with single-chamber
pacemakers.

Survival rate and predictors of mortality

The survival rate and predictors of complications are
displayed in Fig. 5 and Table 3, respectively. Median
survival time was 11 years (132 months). Overall sur-
vival rates at 3, 5, and 10 years were 94.4%, 92.1%, and
65.5% respectively. In bivariate analysis, variables asso-
ciated with mortality were ejection fraction, age, Charl-
son comorbidity index, presence of complications, and
NYHA class. In multivariable logistic regression analysis,
the only variables associated with mortality were gender,
Charlson comorbidity index, presence of complications,
and NYHA class. Females were 21% less likely to die than
males. For each unit of increase in the Charlson comor-
bidity index, the likelihood of death increases by 1.2-fold.
When complications occur, the odds of death increase by
3.5 times. Compared to patients in NYHA classes 1 or
2, those in classes 3 or 4 have 3.3-fold increased odds of
dying.

Discussion

This study assessed the mid-term outcome of patients
with implanted pacemakers by determining the rate of
complication and death as well as the contributing fac-
tors for them. When compared to the majority of similar
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Fig. 2 Demonstrates the type of comorbidities associated with patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia
from 2012 to 2023. Note: a single patient may have more than one comorbidity. Abbreviations: ILD-Interstitial lung disease, COPD-Chronic
Obstructive Lung disease, BPH-Benign Prostatic hyperplasia, CKD-Chronic Kidney Disease, IHD-Ischemic Heart Disease

studies conducted in different settings, our study found
a higher rate of complications but a lower rate of death;
however, a direct comparison is difficult because stud-
ies vary in terms of follow-up periods and patients’ age
groups [14,19-24]. Additionally, it identified multiple
independent predictors of pacemaker-related complica-
tions (age, sex, and pacemaker type) in addition to vari-
ous independent predictors of death (gender, Charlson
comorbidity index, presence of complications, and his-
tory of heart failure).

In comparison, our study’s 26.4% complication rate is
higher than that of similar studies conducted in Poland
(1.1%), the United Kingdom (3%), the United States
(4.2%, 7.5%), India (5.4%), Iraq (4.25%), Australia and
New Zealand (4.7%), Germany (6.1%), Spain (3.6%),
China (8.1%, 17.1%), Columbia (8.9%), Kenya (8.9%), Fin-
land (13.9%), Ethiopia (15.3%), and Turkey (22.7%), but it
is lower than that of other studies conducted in the USA
(29.1%) and Spain (55.1%) [5, 15, 19, 23, 25-38]. This dis-
parity could be explained by variations in the follow-up

duration, operator experience, age group, and pacemaker
type among studies.

Studies from Columbia and the USA revealed that
most complications occurred early—73.5% in Columbia
and 97% in the USA—which is consistent with our study,
which found that 70.8% of complications occurred early
[27, 33]. Nonetheless, research from Finland (6.7% early
complications versus 7.2% late complications) and Spain
(17.42% early complications versus 37.74% late compli-
cations) revealed that late complications were frequent
[29, 32]. This variation could be accounted for by differ-
ences in the types of complications observed in different
research.

In line with our findings, which show that lead dis-
lodgement occurred in 6.6% of patients, lead dislodge-
ment was most common in the United Kingdom (11.4%),
the United States (2.4%), Nigeria (5.9%), Kenya (3.3%),
South Africa (3.15%), and Ethiopia (2.54%) [15, 19, 21,
39, 40]. However, data from China, Turkey, and Spain
indicate that pocket-site hematomas and infections are
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Fig. 3 Shows the type of drugs that have been taken by patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia
from 2012 to 2023. Note: A single patient may have taken more than one medication. Abbreviations: PTU-Propylthiouracil, ACE-Angiotensin
converting Enzyme, ARB-Angiotensin Receptor Blocker
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Fig. 4 Demonstrates the types and number of complications in patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia
from 2012 to 2023. Note: A single patient may have more than one complication
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Table 2 Presents predictors of complications in patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia
from 2012 to 2023

Patients characteristics no complication at least one COR (95%(Cl) P value AOR (95%Cl) P value
complication

Age 63.5(56-73) 75.5(60.8-80) 1.1(1.02-1.2) <0.001 1.1(1.04-1.1) <0.001
Sex

Female 55(41) 32(66.7) 29(14-5.7) <0.001 4.5(2-9.9) <0.001

Male 79(59) 16(33.3) 1 1
NYHA Class of HF

Class 1 0or2 107(79.9) 30(62.5) 1 1

Class 3 or4 27(20.1) 18(37.5) 23(1.2-4.9) 0.02 1.63(0.71-3.7) 0.23
Initial ventricular sensitivity 2.8(2-2.8) 2.8(2-2.8) 1.2(0.94-1.4) 0.18 1.6(0.47-3.1) 0.7
Presence of diastolic dysfunction

No 81(60.4) 22(45.8) 1 1

Yes 53(39.6) 26(54.2) 1.8(0.93-3.5) 0.0 2(0.95-4.4) 0.07
EF 63(60-65) 60(55.5-65) 0.98(0.94-1) 0.98(0.94-1.01) 0.23
Type of pacemaker

Single chamber (VVI/VVIR) 49(36.6) 7(14.6) 1 1

Double chamber (DDD/DDDR) 85(63.4) 41(85.4) 3.4(1.4-8) 2.95(1.14-7.6) 0.006

“ Abbreviations: AOR Adjusted Odds Ratio, COR Crude Odds Ratio, VVI/VVIR mode stands for Ventricular pacing, Ventricular sensing, Inhibitory response to a sensed
event, and Rate modulation; DDD/DDDR mode stands for Dual chamber pacing with Dual Sensing and Dual Response, EF Ejection Fraction, HF Heart Failure, NYHA
New York Heart Association

Survival Function

1.0 ISurvival Function

ﬁ_*—l—z—t | Censored
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0.6

0.4

0.2

Cumulative proportion of overall survival

0.0
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Fig. 5 A Kaplan-Meier survival curve depicts the overall survival over a follow-up period in patients who underwent pacemaker implantation
at the Cardiac Center of Ethiopia from 2012 to 2023

the most common pacemaker-related complications [26, for different kinds of complications. Nowadays, remote
30, 32]. This variability in the proportions of complica- cardiac implantable electronic devices have the poten-
tions may be due to differences in risk factors among tial to identify lead problems earlier than traditional care,
populations and follow-up duration in various studies
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Table 3 Shows predictors of mortality in patients who underwent pacemaker implantation at the Cardiac Center of Ethiopia from

2012 t0 2023
Patients characteristics Not died Died COR(CI) AOR(CI) P value
Age 65(57-74) 75(62-80) 1.04(1-1.1) 1(0.96-1.1) 0.79
Sex

Male 75(49.7) 20(64.5) 1 1

Female 76(50.3) 11(35.5) 0.54(0.24-1.21) 0.79(0.34-1.8) 0.6
Charleston comorbidity index 2(1-3) 3(2-4) 13(01.1-1.3) 1.2(1.1-1.8) 0.04
EF 63(60-68.3) 60(50-65) 0.93(0.9-0.97) 1(0.92-1.01) 0.15
LVEDd 45(43-50) 51(43-65) 1.04(0.9-1.1) 0.98(0.94-1.04) 0.56
Symptom indication

Cheyne stoke attack 51(33.8) 16(51.6) 2(0.7-5.6) 1.1(0.38-3.3) 0.85

Cheyne stoke equivalent 62(41) 9(29) 0.92(0.3-2.8) 0.7(0.22-2.1) 0.5

Heart failure 38(25.2) 6(19.4) 1 1
Presence of complication

No 117(77.5) 17(54.8) 1 1

Yes 34(22.5) 14(45.2) 2.8(1.3-6.33) 3.5(1.2-10.6) 0.03
Initial ventricular threshold 0.63(0.5-0.8) 0.6(0.4-0.8) 0.42(0.12-1.4) 0.23(0.05-1.1) 0.07
Mode of pacemaker

Single chamber 51(33.8) 5(16.1) 1 1

Double chamber 100(62.2) 26(83.9) 2.7(0.96-7.3) 1.81(0.65-5.1) 03
Type of pacemaker

Medtronic 136(90.1) 23(74.2) 5.12(0.67-13.5) 0.22(0.03-1.91) 0.17

St Jude 15(9.9) 8(25.8) 1 1
NYHA-class of HF

NYHA class 1 or 2 122(80.8) 15(48.4) 1 1

NYHA class 3 or 4 29(19.2) 16(51.6) 4.5(2-10.1) 3.3(1.05-10.1) 0.04

" Abbreviations: AOR Adjusted Odds Ratio, COR Crude Odds Ratio, EF Ejection Fraction, HF Heart Failure, NYHA New York Heart Association, LVEDd Left Ventricular End

Diastolic Diameter

which could improve outcomes by identifying lead dis-
lodgement earlier [41, 42].

Pacemaker-induced tachycardia, which is uncommon
these days, happened in 5.5% of patients in our study.
This reentrant tachyarrhythmia, which usually affects
dual chamber pacemakers, is mainly caused by an abnor-
mality in the pacing device [2, 12, 43, 44]. Our study’s
high dual chamber pacemaker patient proportion may
be the cause of the high percentage of patients with pace-
maker-induced tachycardia.

According to all pacemaker registries, premature bat-
tery failure was the most frequent reason for device
malfunction [45]. The intended lifespan of pacemaker bat-
teries is six to fifteen years, however, various manufactur-
ers have received reports of premature depletion [45-48].
In our study, we observed 5.5% of patients experiencing
premature depletion of their pacemaker batteries.

In comparison with studies conducted in Denmark
and Italy, which reported PM-related infections of 2.04
and 0.6%, respectively, we reported a higher pacemaker-
related complication rate of 4.4% [49, 50]. The definitions
of pacemaker-related infections, the use of antibiotic

prophylaxis, surgical techniques, patient characteristics,
and the inclusion criteria of device types (including or
excluding ICDs and CRTs) across the studies make direct
comparison difficult.

Studies conducted in the UK, South Africa, and Ethi-
opia have found an association between female sex and
complications related to pacemakers, which aligns with
our findings [15, 21, 51]. smaller veins, thin vessel walls,
a smaller right ventricle, and less tissue between the sub-
clavian vein and pleura, females are more likely to experi-
ence complications from pacemakers.

In line with our research, studies conducted in China
and Ethiopia have found that pacemaker-related compli-
cations are associated with older age; however, a study
conducted in Turkey found the opposite [15, 25, 30].
Dual chamber pacemaker implantation in Turkey was
primarily performed on younger patients, which may
have increased the risk of atrial lead dislodgement. A
possible reason for the association between pacemaker-
related complications and old age in our study is the
higher prevalence of severe or numerous comorbidities
in older people.
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Similar to our findings, research from the UK and Ger-
many showed that dual-chamber pacemakers are more
likely than single-chamber pacemakers to cause com-
plications; but other research from the UK, China, and
Switzerland showed that there is no difference in the inci-
dence of complications between dual and single chamber
pacemakers [26, 39, 52—55]. Atrial lead dislodgement is
the primary cause of increased complications with dual-
chamber pacemakers. Given its lower cost, faster implan-
tation time, and reduced risk of complications, the VDD
pacing system may be a viable option for some patients in
place of the DDD mode [56].

In addition to helping patients recover from symptoms,
pacemakers also reduce the mortality risk for patients
with clinically significant bradycardia [57]. However,
Short-term benefits like decreasing mortality from pace-
maker implantation are evident, but long-term outcomes
are markedly different [58]. Studies show that a variety
of factors affect patient mortality in patients who already
have pacemakers [58].

Incidence of mortality across studies was reported
using mortality during the total follow-up period or
the median follow-up period. A study done in Australia
revealed a death rate of 8% after a 90-day follow-up,
while a study done in the USA revealed a death rate of
0.08% after a 30-month follow-up [19, 59]. Moreover,
studies carried out in Germany and Poland showed a
39.7% death rate and 48.6% death rate, respectively, after
a 30-year follow-up and 4-year follow-up, respectively
[60, 61]. We reported 17% mortality after 144 months of
follow-up. With a median follow-up period of 29 months,
6.4 years, 50.9 months, 34 months, 26 months, and
3.67 years, respectively, studies done in Taiwan, Poland,
Spain, Cameroon, Nigeria, and Cote devour identified
death rates of 15.5%, 36.5%, 3.6%, 13.5%, 11.8%, and 25.8%
[23, 38, 40, 62—64]. The incidence of death is determined
by the length of the median follow-up period and the
overall duration of follow-up, as shown in the research
mentioned above. Furthermore, because our study was
conducted during the COVID-19 era and many of our
patients died from COVID-19-related complications, the
study period had a major impact on mortality.

Moreover, the median survival time and the five-year
period indirectly assess the death rate. Studies differ in
the 5-year and median survival times for similar reasons
as the death rate. The 5-year survival rate of 90% in our
study is higher than the 63%, 32%, 82%, 65.6% and 66%,
45%, and 60.6% reported from Sweden, Taiwan, Poland,
Germany, Italy, and the Czech Republic, respectively [20,
23, 24, 65—69]. Our median survival time of 110 months
is greater than the reported times from Kenya, Iran,
and Germany, which are 36 months, 51 months, and
101.9 months, respectively [28, 65, 70].
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The presence of cardiovascular disease, such as heart
failure, is a predictive factor for pacemakers these days
[17]. This is supported by our research, studies con-
ducted in Taiwan, the Netherlands, and Australia that
identified that heart failure is a predictor of mortality in
patients with pacemakers [17, 62, 71]. The association
between class 3 and class 4 heart failure in patients with
pacemakers and mortality may be explained by the devel-
opment of fatal ventricular arrhythmia in most patients
with advanced heart failure.

The Charleston Comorbidity Index is claimed to be a
very well predictor of long-term prognosis and survival
chances [72]. Our research substantiated this claim. An
Australian study reported that a high Charlson comor-
bidity score was a predictor of death in patients with
pacemakers, which is consistent with our findings [71].

A report from the USA corroborated our study’s
findings, indicating that pacemaker-related compli-
cations are associated with an increased risk of death
from all causes [73]. Pneumothorax, infections asso-
ciated with pacemakers, and pocket hematoma are
among the reported complications that are associated
with mortality [73, 74].

Conclusion

Many complications were experienced by patients who
had pacemakers implanted, and several factors affected
their prognosis. Thus, it is essential to identify predic-
tors of both complications and mortality to prioritize
and address the manageable factors associated with both
mortality and complications.

Limitations of the study

Because it is conducted in a single center, generalizations
are difficult to make. Given that this study was retrospec-
tive in nature, classification bias might have been present.
Nonetheless, it provides valuable information for quality
improvement by providing mortality and complication
data for comparing pacemaker complications from other
centers and highlighting areas of concern and needed
improvement. This quality improvement endeavor also
benefits from the identification of predictors of complica-
tion and mortality.

Abbreviations
AV Atrioventricular

COVID-19  Coronavirus disease 2019

CRT/ICD Cardiac Resynchronization Therapy/Implantable Cardioverter-Defibrillator
DDDR Dual-chamber rate-modulated

ECG Electrocardiography

EF Ejection Fraction

LVEDd Left Ventricular End Diastolic diameter

NYHA New York Heart Association

TAPSE Tricuspid Annular Plane Systolic Excursion

WIR Ventricular Rate Modulated Pacing



Nasir et al. BMC Cardiovascular Disorders (2024) 24:400

Acknowledgements
Not Applicable.

Authors’ contributions

M.N and S.M. Developed the proposal, wrote the main manuscript text,
Analysis of the Result and overall Supervision. K.D and M.B. Did the Procedures
(pacemaker Implantation), reviewed and edited the manuscript. M.A. Prepared
all Figures and Tables, Data Analysis. All authors Reviewed the Manuscript and
discussed the results and contributed to the final manuscript.

Funding
This paper received no dedicated funding for publication.

Availability of data and materials
All study data can be made available from the corresponding author upon a
reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Review Board (IRB) of Saint Paul's Hospital Millennium Medi-
cal College granted ethical clearance (Ethical Approval Number: PM23/288).
The corresponding author can provide a scanned copy of the approval letter
upon request. During contact with family members for death confirmation,
informed consent was obtained through a phone call with responding family
members.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Pediatrics and Child Health Department, Hawassa University, Hawassa,
Ethiopia. “Cardiac Center Ethiopia, Addis Ababa, Ethiopia. *Pediatrics and Child
Health Department, Arba Minch University, Arba Minch, Ethiopia. “Internal
Medicine Department, Division of Cardiology, Hawassa University, Hawassa,
Ethiopia.

Received: 10 April 2024 Accepted: 22 July 2024
Published online: 01 August 2024

References

1. Kotsakou M, Kioumis |, Lazaridis G, Pitsiou G, Lampaki S, Papaiwannou A,
Karavergou A, Tsakiridis K, Katsikogiannis N, Karapantzos |, Karapantzou C.
Pacemaker insertion. Ann Transl Med. 2015;3(3):42.

2. Gugu KM. Early complications after pacemaker implantations. In: Cardiac
Pacemakers-Biological Aspects, Clinical Applications and Possible Com-
plications. IntechOpen; 2011.

3. Olshansky B, Hayes D. Patient education: Pacemakers (Beyond the Basics).
Up to Date. 2016.

4. Coombes D. Pacemaker therapy 1: clinical indications, placement and
complications. Nurs Times. 2021;117:11-22.

5. Eltrafi A, Currie P, Silas JH. Permanent pacemaker insertion in a district
general hospital: indications, patient characteristics, and complications.
Postgrad Med J. 2000;76(896):337-9.

6. Martindale J. Managing pacemaker-related complications and malfunc-
tions in the emergency department. Emerg Med Pract. 2014;16(9):1-21.

7. Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A, Barbash
IM, Barrabés JA, Boriani G, Braunschweig F, Brignole M, Burri H. 2021 ESC
Guidelines on cardiac pacing and cardiac resynchronization therapy:
Developed by the Task Force on cardiac pacing and cardiac resynchro-
nization therapy of the European Society of Cardiology (ESC) With the
special contribution of the European Heart Rhythm Association (EHRA).
EP Europace. 2022,24(1):71-164.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 11 of 13

Townsend T. Five common permanent cardiac pacemaker complications.
Nurs2020 Crit Care. 2018;13(4):46-8.

Carrillo R, Boyle TA. The price of imperfection: complications and costs
associated with transvenous pacemaker implantation. JACC Clin Electro-
physiol. 2017;3(11):1306-7.

. Palmer SJ. Post-implantation pacemaker complications: the nurse’s role in

management. Br J Card Nurs. 2014;9(12):592-8.

. Schiariti M, Cacciola M, Puddu PE. Complications of pacemaker implanta-

tion. Research Gate. 2011;38(2):271-98.

. Lam CW. Permanent cardiac pacemaker: an emergency perspective.

Hong Kong J Emerg Med. 2001;8(3):169-75.

. Williams JL, Stevenson RT. Complications of pacemaker implantation.

Current issues and recent advances in pacemaker therapy. 2017.

. Jouven X, Diop BI, Narayanan K, Adoubi A, Ba SA, Balde D, Damorou

JM, Diarra MB, Dzudie A, Ferreira B, Houenassi SM. Cardiac pac-
ing in sub-Saharan Africa: JACC international. J Am Coll Cardiol.
2019;74(21):2652-60.

. Markos S, Nasir M, Ahmed M, Abebe S, Amogne MA, Tesfaye D, Mekon-

nen TS, Getachew YG. Assessment of trend, indication, complications,
and outcomes of pacemaker implantation in adult patients at ter-
tiary hospital of Ethiopia: retrospective follow up study. Int J Gen Med.
2024;31:93-103.

. Kirkfeldt RE, Johansen JB, Nohr EA, Jargensen OD, Nielsen JC. Com-

plications after cardiac implantable electronic device implantations:
an analysis of a complete, nationwide cohort in Denmark. Eur Heart J.
2014,35(18):1186-94.

. Udo EQ, Zuithoff NP, van Hemel NM, de Cock CC, Hendriks T, Doevendans

PA, Moons KG. Incidence and predictors of short-and long-term compli-
cations in pacemaker therapy: the FOLLOWPACE study. Heart Rhythm.
2012;9(5):728-35.

. Gillis AM, Russo AM, Ellenbogen KA, Swerdlow CD, Olshansky B, Al-Khatib

SM, Beshai JF, McComb JM, Nielsen JC, Philpott JM, Shen WK. HRS/ACCF
expert consensus statement on pacemaker device and mode selection. J
Am Coll Cardiol. 2012;60(7):682-703.

. Tobin K, Stewart J, Westveer D, Frumin H. Acute complications of perma-

nent pacemaker implantation: their financial implication and relation to
volume and operator experience. Am J Cardiol. 2000,85(6):774-6.
Gadler F, Valzania C, Linde C. Current use of implantable electrical
devices in Sweden: data from the Swedish pacemaker and implantable
cardioverter-defibrillator registry. Ep Europace. 2014;17(1):69-77.
Mabika M, Mpanya D, Patel A, Kalk T, Tsabedze N. Clinical characteris-
tics and complications in patients undergoing permanent pacemaker
implantation. Wits J Clin Med. 2021,3(1):19-24.

Balla C, Fabbian F, Guarino M, Zaraket F, Brieda A, Smarrazzo V, Ferrari R,
Bertini M. Prognosis after pacemaker implantation in extreme elderly. Eur
JIntern Med. 2019;1(65):37-43.

Debski M, Ulman M, Zgbek A, Boczar K, Haberka K, Kuniewicz M,
Lelakowski J, Matecka B. Association of selected factors with long-term
prognosis and mortality after dual-chamber pacemaker implant. Cardiol
J.2019;26(6):717-26.

Cheng CW, Wang CH, Chen WS, Wang CC, Cherng WJ. Predictors of long-
term survival prior to permanent pacemaker implantation in octogenar-
ians or older. Aging Clin Exp Res. 2019;1(31):1001-9.

Jing S, Hu'S, Ma S. Analysis of postoperative complications and risk fac-
tors in patients with permanent pacemaker implantation. J Thorac Dis.
2020;12(10):5980.

Liu X, Wei Q, LiY, Zhang Y, Liu G, Tang Y. Analysis of clinical efficacy and
factors affecting complications of permanent pacemaker implantation.
Int J Clin Exp Med. 2019;12(2):1972-8.

Vanegas-Cadavid DI, Ibata-Bernal L, Franco-Garrido PA, Valderrama-Bar-
bosa Z. Complications related to cardiac implantable electronic devices.
Revista Colombiana de Cardiologia. 2020;27(5):420-7.

Juma PV. Baseline Profile, Rhythm Abnormalities and Outcomes for
Patients With Pacemakers Inserted at the Kenyatta National Hospital
(Doctoral dissertation, University of Nairobi).

Kiviniemi MS, Pirnes MA, Erdnen HJ, Kettunen RV, Hartikainen JE. Compli-
cations related to permanent pacemaker therapy. Pacing Clin Electro-
physiol. 1999,22(5):711-20.



Nasir et al. BMC Cardiovascular Disorders

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.
49.

50.

(2024) 24:400

Ozcan KS, Osmonov D, Altay S, Dénmez C, Yildinm E, Turkkan C, Glingér
B, Ekmekgi A, Alper AT, Giirkan K, Erdinler . Pacemaker implantation
complication rates in elderly and young patients. Clin Interv Aging.
2013;7:1051-4.

Cantillon DJ, Exner DV, Badie N, Davis K, Gu NY, Nabutovsky Y, Doshi R.
Complications and health care costs associated with transvenous cardiac
pacemakers in a nationwide assessment. JACC Clin Electrophysiol.
2017;3(11):1296-305.

Carrién-Camacho MR, Marin-Ledn |, Molina-Doforo JM, Gonzalez-Lépez
JR. Safety of permanent pacemaker implantation: a prospective study. J
Clin Med. 2019;8(1):35.

Ellenbogen KA, Hellkamp AS, Wilkoff BL, Camunas JL, Love JC, Hadjis

TA, Lee KL, Lamas GA. Complications arising after implantation of DDD
pacemakers: the MOST experience. Am J Cardiol. 2003;92(6):740-1.
Kanse V, Chongtham D, Salam K, Nemichandra S, Upretti S, Singh S. Clini-
cal profiles and outcomes of patients undergoing pacemaker implanta-
tion. J Med Soc. 2015;29(1):40-4.

Ahmed MH. Patients characteristic, indications, and complications of
permanent pacemaker implantation: a prospective single-center study.
Med J Babylon. 2022;19(2):152.

Ranasinghe |, Labrosciano C, Horton D, Air T, Beltrame J, Zeitz C, Tavella
R. Early complications of cardiac pacemaker and defibrillator implanta-
tion among hospitals in Australia and New Zealand. Heart Lung Circ.
2017;1(26):5179-80.

Hasan F, Nedios S, Karosiene Z, Scholten M, Lemke B, Tulka S, Knippschild
S, Macher-Heidrich S, Adomeit HJ, Zarse M, Bogossian H. Perioperative
complications after pacemaker implantation: higher complication rates
with subclavian vein puncture than with cephalic vein cutdown. J Interv
Card Electrophysiol. 2023;66(4):857-63.

Villalba S, Roda J, Quesada A, Palanca V, Zaragoza C, Bataller E, Velasco JA.
Retrospective study of patients who undergo pacemaker implantation
in short-stay ambulatory surgery. Long-term follow-up and cost analysis.
Revista Espafiola de Cardiologfa (English Edition). 2004;57(3):234-40.
Chauhan A, Grace AA, Newell SA, Stone DL, Shapiro LM, Schofield PM,
Petch MC. Early complications after dual chamber versus single chamber
pacemaker implantation. Pacing Clin Electrophysiol. 1994;17(11):2012-5.
Falase B, Sanusi M, Johnson A. Analysis of a five year experience of per-
manent pacemaker implantation at a Nigerian Teaching Hospital: need
for a national database. Pan Afr Med J. 2014;16(1):16.

Zeitler EP, Piccini JP. Remote monitoring of cardiac implantable electronic
devices (CIED). Trends Cardiovasc Med. 2016;26(6):568-77.

Boriani G, Imberti JF, Bonini N, Carriere C, Mei DA, Zecchin M, Piccinin F,
Vitolo M, Sinagra G. Remote multiparametric monitoring and manage-
ment of heart failure patients through cardiac implantable electronic
devices. Eur J Intern Med. 2023;115:1-9.

Abu-haniyeh A, Hajouli S. Pacemaker Mediated Tachycardia. In: StatPearls.
Treasure Island: StatPearls Publishing; 2023.

Ip JE, Markowitz SM, Liu CF, Cheung JW, Thomas G, Lerman BB. Differen-
tiating pacemaker-mediated tachycardia from tachycardia due to atrial
tracking: utility of VAAV versus VAV response after postventricular atrial
refractory period extension. Heart Rhythm. 2011;8(8):1185-91.

Maisel WH. Pacemaker and ICD generator reliability: meta-analysis of
device registries. JAMA. 2006;295(16):1929-34.

Alfayez N, Cao P, Echeverria M, Juarez R, Roy A. Pacemakers: Clinical
challenges and failures. ME C215 Medical Devices Project Il. Berkeley Fall:
University of California; 2020

Maisel WH, Moynahan M, Zuckerman BD, Gross TP, Tovar OH, Tillman DB,
Schultz DB. Pacemaker and ICD generator malfunctions: analysis of Food
and Drug Administration annual reports. JAMA. 2006;295(16):1901-6.
Sancar F. Safety alert for certain pacemakers. JAMA. 2019;321(23):2274.
OlsenT, Jargensen OD, Nielsen JC, Thagersen AM, Philbert BT, Johansen
JB. Incidence of device-related infection in 97 750 patients: clinical data
from the complete Danish device-cohort (1982-2018). Eur Heart J.
2019;40(23):1862-9.

Imberti JF, Mei DA, Fontanesi R, Gerra L, Bonini N, Vitolo M, Turco V, Casali
E, Boriani G. Low occurrence of infections and death in a real-world
cohort of patients with cardiac implantable electronic devices. J Clin
Med. 2023;30:12.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 12 of 13

Vijayarajan V, Kritharides L, Brieger D, Cheng YY, Chow V, Ng AC. Sex dif-
ferences in rates of permanent pacemaker implantation and in-hospital
complications: a statewide cohort study of over 7 million persons from
2009-2018. PLoS ONE. 2022;17(8):€0.

Wiegand UK, Bode F, Bonnemeier H, Eberhard F, Schlei M, Peters W. Long-
term complication rates in ventricular, single lead VDD, and dual chamber
pacing. Pacing Clin Electrophysiol. 2003;26(10):1961-9.

Bedir A, Nageye F, Cherek P, Godley C, Ghani S, Cheong J, D'Souza S,
Cecaro F, Petzer E, Martin W, Kabunga P. Single-chamber versus dual-
chamber pacing in very elderly patients with sinus node disease and

AV block: a real-world study. Eur Heart J. 2022;43(Supplement_2):e
hac544-494.

Toff WD, Camm AJ, Skehan JD. Single-chamber versus dual-cham-

ber pacing for high-grade atrioventricular block. N Engl J Med.
2005;353(2):145-55.

Mueller X, Sadeghi H, Kappenberger L. Complications after single versus
dual chamber pacemaker implantation. Pacing Clin Electrophysiol.
1990;13(6):711-4.

Mei DA, Imberti JF, Vitolo M, Bonini N, Gerra L, Romiti GF, Proietti M, Lip
GY, Boriani G. Single-lead VDD pacing: a literature review on short-term
and long-term performance. Expert Rev Med Devices. 2023;20(3):187-97.
Seshu P, Kachroo DK, Sharma J, Rm K, Varalakshmi G. CO7 clinical effec-
tiveness of pacemaker in high-risk patients with cardiovascular diseases: a
systematic review and metanalysis. Value Health. 2023;26(6):514-5.
Puette JA, Malek R, Ellison MB. Pacemaker. In: StatPearls. Treasure Island:
StatPearls Publishing; 2023.

Gillam MH, Pratt NL, Inacio MC, Shakib S, Sanders P, Lau DH, Roughead EE.
Rehospitalizations for complications and mortality following pacemaker
implantation: a retrospective cohort study in an older population. Clin
Cardiol. 2018;41(11):1480-6.

Alhindi HA, Alaaraji SM, Almyahi MH. Clinical comparison between single
and dual chamber pacemakers in patients with advanced atrioventricular
block. Age (year). 2011;18:60.

Krzemien-Wolska K, Tomasik A, Wojciechowska C, Bararska-Pawetczak K,
Nowalany-Kozielska E, Jache¢ W. Prognostic factors in patients with an
implanted pacemaker after 80 years of age in a 4-year follow-up. Geron-
tology. 2018;64(2):107-17.

Liao JN, Chao TF, Tuan TC, Kong CW, Chen SA. Long-term outcome

in patients receiving permanent pacemaker implantation for atrio-
ventricular block: comparison of VDD and DDD pacing. Medicine.
2016;95(35):e4668.

Dzudie A, Ouankou CN, Nganhyim L, Mouliom S, Ba H, Kamdem F,
Ndjebet J, Nzali A, Tantchou C, Nkoke C, Barche B. Long-term prognosis
of patients with permanent cardiac pacemaker indication in three referral
cardiac centers in Cameroon: Insights from the National pacemaker
registry. Ann Cardiol Angeiol (Paris). 2021;70(1):18-24. Elsevier Masson.
Adoubi AK, Diby F, Ouattara P, Gnaba A, Kendja F. Single versus dual-
chamber pacing in a Sub-Saharan African Heart Center: characteristics
and prognosis. Cardiol Cardiovasc Med. 2021;5(1):73-85.

Brunner M, Olschewski M, Geibel A, Bode C, Zehender M. Long-term
survival after pacemaker implantation: prognostic importance of gender
and baseline patient characteristics. Eur Heart J. 2004;25(1):88-95.
Schipper M, Slieker MG, Schoof PH, Breur JM. Surgical repair of ventricular
septal defect; contemporary results and risk factors for a complicated
course. Pediatr Cardiol. 2017,38(2):264-70.

Schmidt B, Brunner M, Olschewski M, Hummel C, Faber TS, Grom A,
Giesler U, Bode C, Zehender M. Pacemaker therapy in very elderly
patients: long-term survival and prognostic parameters. Am Heart J.
2003;146(5):908-13.

Marini M, Martin M, Saltori M, Quintarelli S, Zilio F, Guarracini F, Coser A,
Valsecchi S, Bonmassari R. Pacemaker therapy in very elderly patients:
survival and prognostic parameters of single center experience. J Geriatr
Cardiol. 2019;16(12):880.

Taborsky M, Skéla T, Dusek L, Kautzner J, Aiglové R, Fedorco M, Jarkovsky
J, BeneSova K, Méjkova P. Clinical characteristics and mortality in all Czech
patients after pacemaker implantation in the last decade. Front Cardio-
vasc Med. 2023;10:1248145.

Ghaem H, Ghorbani M, Dorniani SZ. Evaluation of death among the
patients undergoing permanent pacemaker implantation: a competing
risks analysis. Iran J Public Health. 2017,46(6):820.



Nasir et al. BMC Cardiovascular Disorders (2024) 24:400 Page 13 of 13

71. Bradshaw PJ, Stobie P, Knuiman MW, Briffa TG, Hobbs MS. Life expectancy
after implantation of a first cardiac permanent pacemaker (1995-2008): a
population-based study. Int J Cardiol. 2015;1(190):42-6.

72. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987;40(5):373-83.

73. Palmisano P, Guerra F, Dell'Era G, Ammendola E, Ziacchi M, Laffi M, Troiano
F, Prenna E, Russo V, Angeletti A, Guido A. Impact on all-cause and cardio-
vascular mortality of cardiac implantable electronic device complications:
results from the POINTED registry. Clin Electrophysiol. 2020,6(4):382-92.

74. Baman TS, Gupta SK, Valle JA, Yamada E. Risk factors for mortality in
patients with cardiac device-related infection. Circ Arrhythm Electro-
physiol. 2009;2(2):129-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Predictors of complications and mortality among patients undergoing pacemaker implantation in resource-limited settings: a 10-year retrospective follow-up study
	Abstract 
	Introduction 
	Methodology 
	Results 
	Conclusion 

	Introduction
	Methods
	Study area and period
	Study design
	Eligibility criteria
	Study variables
	Outcomes of the study

	Operative techniques and procedures
	The following terms and operational definitions are used
	Data collection tool and procedure
	Data quality control
	Data processing and analysis

	Results
	Sociodemographic and clinical characteristics of the patients
	Predictors of complications
	Survival rate and predictors of mortality

	Discussion
	Conclusion
	Limitations of the study

	Acknowledgements
	References


