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Abstract

Background: Pacemaker dependency is a critical consideration in patients with cardiovascular implantable electronic devices
(CIEDs). Objective: To evaluate the predictive value of B-type natriuretic peptide (BNP) and galectin-3 in forecasting pacing
dependency in patients with CIED. Methods: One hundred patients with CIEDs were classified as pacing dependent (n=39) or
non-dependent (n=61) based on established criteria. Associations with clinical and biomarker variables were analyzed using
univariate and multivariate logistic regression. Receiver operating characteristic (ROC) curves assessed the predictive value of
BNP and galectin-3. Results: Pacing dependency was significantly associated with longer CIED duration (>5 years), chronic
kidney disease, and second- or third-degree atrioventricular block. Patients with severe left ventricular dysfunction were more
likely to be pacing dependent. Median BNP and galectin-3 levels were significantly higher in the pacing-dependent group
(269pg/ml and 22ng/ml, respectively). Multivariate analysis identified CIED duration >5 years (OR=3.28), CKD (OR=3.47),
NYHA class IIT (OR=3.88), NYHA class IV (OR=5.33), BNP >160pg/ml (OR=6.23), and galectin-3 >16ng/ml (OR=2.12) as
independent predictors of pacing dependency. The ROC analysis showed that BNP (AUC=0.836) and galectin-3 (AUC=0.715)
were good predictors, and they were even better when used together (AUC=0.912, sensitivity=87%, specificity=85%).
Conclusions: BNP and galectin-3 are valuable biomarkers for predicting pacing dependency in patients with CIEDs, and they
provide a robust model for identifying patients at higher risk of pacing dependency when combined with clinical parameters.
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INTRODUCTION definitions, methodologies employed for testing, and

the characteristics of patient cohorts. In a
Pacing dependency in individuals with cardiovascular comprehensive investigation encompassing 3,638
implantable electronic devices (CIEDs) denotes the participants with an average follow-up duration of 4.8
inadequacy or complete absence of intrinsic cardiac years, pacemaker dependency was documented in
rhythm, which may precipitate bradycardia-related merely 2.1% of the total cohort. Nevertheless, the
manifestations or cardiac arrest upon the prevalence of dependency exhibited significant
discontinuation of ventricular pacing [1,2]. The variability contingent upon the underlying rationale
prevalence of pacemaker dependency exhibits for pacing. Individuals diagnosed with atrioventricular
considerable variability across various studies, block (AVB) showed a markedly elevated prevalence
predominantly attributable to discrepancies in of dependency (3.5%) in comparison to those
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diagnosed with sick sinus syndrome (SSS) (0.6%) or
atrial fibrillation associated with bradycardia (0.3%)
[3]. A multitude of risk factors have been recognized
as contributing to the emergence of pacemaker
dependency. The underlying clinical indication for
pacing arguably constitutes the most critical
determinant, with AVB presenting a considerably
heightened risk in contrast to SSS or atrial fibrillation
with bradycardia [4]. Within the category of
atrioventricular block (AVB), higher-degree blocks
(Mobitz type II and complete heart block) are
correlated with an augmented risk of dependency
when juxtaposed with lower-degree variants [5]. Age
is another significant variable, with certain studies
indicating escalated rates of dependency among older
populations, potentially reflecting age-associated
degeneration of the conduction system [6]. Additional
determinants that may affect the onset of dependency
encompass the duration of pacing, the proportion of
ventricular pacing, and potentially the anatomical site
of ventricular lead placement. Some empirical
evidence intimates that right ventricular apical pacing
might facilitate dependency through deleterious
electrical and mechanical remodeling; however, this
correlation necessitates further scholarly inquiry [7].
There may also be genetic factors that play a role,
since conduction disorders tend to run in families.
These factors may have genetic components that
affect both the initial need for pacing and the patterns
of dependency that develop over time [8]. Conversely,
the potential utility of serum biomarkers as prognostic
indicators of pacing dependency has garnered
minimal scholarly attention. Cardiac natriuretic
peptides (NPs), specifically atrial NP (ANP) and B-
type NP (BNP), are authentic hormones synthesized
and secreted by cardiomyocytes, exerting a plethora
of systemic influences, in addition to various
paracrine and autocrine activities pertinent to cardiac
function, thereby contributing to cardiovascular
homeostasis. Beyond their natriuretic, vasorelaxant,
metabolic, and antiproliferative systemic functions,
NPs impede cardiac  hypertrophy, fibrosis,
arrhythmias, and cardiomyopathies, counteracting the
onset and progression of heart failure [9]. Galectin-3
(Gal-3), conversely, represents the singular chimera-
type entity within the lectin family, exhibiting
widespread expression across human tissues and
functioning as a galactoside-binding protein
implicated in numerous biological processes,
including the regulation of cell—cell and cell-matrix
interactions,  cellular  adhesion,  proliferation,
apoptosis, immunity, and inflammation [10]. In the
context of heart failure pathology, Gal-3 exerts a

biological  influence  predominantly  through
mechanisms of fibrosis and inflammation [11]. Gal-3
facilitates  pathological remodeling and the

progression of fibrosis primarily by promoting
fibroblast proliferation and collagen deposition; thus,
it has been designated as a “culprit” biomarker in
heart failure, in contrast to “bystander” biomarkers
such as BNP [12]. Based on these data, the present
study aimed to evaluate the predictive value of BNP
and galectin-3 in forecasting pacing dependency in
patients with CIED.
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METHODS
Study design and participants

This is a prospective cross-sectional study including
100 adult patients carrying CIEDs at Ibn Al-Baitar
Hospital during the period from August 2024 to
August 2025. Pacing dependency was defined as an
absence of intrinsic rhythm > 30 bpm after lowering
the pacing rate to 30 bpm for at least 10 seconds or
after transient inhibition of pacing therapy. The study
protocol was approved by the Iraqi Council of
Medical Specializations. Patients with epicardial
pacemaker implantation were excluded from the
study.

Data collection

Demographic variables encompassing age, sex,
duration of CIED utilization, and medical history
were examined. Chronic kidney disease (CKD)
classified as stage 3 or higher was identified based on
at least two assessments of estimated glomerular
filtration rates (eGFR) calculated wusing the
Modification of Diet in Renal Disease formula,
yielding values beneath 60 mL/min per 1.73 m?, with
a minimum interval of three months between
assessments. Clinical attributes included the rationale
for pacemaker (PM) implantation, the nature of
ventricular pacing, left ventricular (L'V) functionality,
and the operational mode of the PM. The evaluation
of LV function was conducted utilizing transthoracic
echocardiography (Vivid S6/ USA). Measurements
and calculations adhered to the guidelines established
by the American Society of Echocardiography. The
left ventricular ejection fraction (LVEF) was
quantified employing the modified Simpson method.

Ethical approval

Ethical approval was obtained from the College of
Pharmacy - Tikrit University Scientific and Ethical
committees. All procedures involving human
participants performed in the present study were in
accordance with the ethical standards of the
institutional and/or national research committee and
with the 1964 Declaration of Helsinki and its later
amendments. Verbal consent was obtained from all
patients before starting data collection and after
explaining the details of the study and assuring
confidentiality.

Statistical analysis

All data were systematically documented in Microsoft
Excel and subsequently analyzed using the Statistical
Package for the Social Sciences (SPSS) software,
version 25.0. Continuous variables were represented
as mean =+ standard deviation (SD) and were analyzed
using the independent t-test (parametric) or
represented as median (IQR) and were analyzed using
the Mann-Whitney U test (non-parametric), whereas
categorical variables were presented as frequency and
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percentage, with analysis conducted via Chi-square
tests. A multivariate logistic regression analysis was
executed to ascertain the independent predictors of
pacing dependence. From this analysis, the odds ratio
(OR) along with the corresponding 95% confidence
interval (CI) was computed. The receiver operating
characteristic (ROC) curve was utilized to assess the
predictive capacity of B-type natriuretic peptide
(BNP) and galectin-3 in relation to anticipating pacing
dependency. A p-value of 0.05 or less was deemed
statistically significant.

Table 1: Association of demographic characteristics with pacing dependency

Physiological role of BNP and galectin-3
RESULTS

According to the established criteria for pacing
dependency, 39 patients (39%) were classified as
pacing-dependent, whereas 61 patients (61%) were
considered pacing-independent. Table 1 shows the
association between various demographic and clinical
characteristics and pacing dependency among patients
with CIEDs. The mean age did not differ significantly
between pacing-dependent and non-dependent groups
(65.49 + 17.84 vs. 64.67 + 15.92 years, p= 0.811), and
no significant association was found with sex (p=
0.493).

Pacing dependency
Variables No Yes p-value
(n=61) (n=39)
Sex Male 27 20
Female 34 19 0.493
Duration of CIEDs (year) <5 37 15
>5 24 24 0.030
Past medical history Diabetes 15 15 0.140
Hypertension 29 20 0.715
Dyslipidemia 20 19 0.111
Ischemic heart disease 7 10 0.066
Chronic kidney disease 3 9 0.010
Age (year) (mean+SD) 64.67+15.92 65.49+17.84 0.811

A significant relationship was observed between
pacing dependency and the duration of CIED
implantation, with patients having devices for >5
years being more likely to be pacing dependent
compared to those with devices for <5 years (61.54%
vs. 38.46%, p=0.030). Chronic kidney disease (CKD)
was the only comorbidity that was significantly linked
to pacing dependency. The pacing-dependent group
had a higher prevalence of CKD (23.8% vs. 4.92%,
p= 0.010). Other conditions, including diabetes
mellitus, hypertension, dyslipidemia, and ischemic
heart disease, were not significantly associated with
pacing dependency, although the association with
ischemic heart disease approached  statistical
significance (p= 0.066). The indication for CIED
implantation was significantly associated with pacing
dependency (p= 0.008). Specifically, patients with
second- or third-degree AVB comprised a larger
proportion of the pacing-dependent group (66.67%)
compared to the non-dependent group (34.43%),
while those with sinus node dysfunction (SSS), atrial

Table 2: Association of clinical characteristics with pacing dependency

fibrillation (AF), and ventricular tachycardia (VT)
were more prevalent in the non-dependent group. Left
ventricular (LV) function also showed a significant
association (p= 0.010); patients with severe LV
dysfunction were more likely to be pacing dependent
(17.95% vs. 1.64%). Functional status, as measured
by the New York Heart Association (NYHA)
classification, was likewise associated with pacing
dependency (p= 0.009), with a greater proportion of
pacing-dependent patients in NYHA classes III and
IV. In contrast, pacemaker mode (DDD, VDD, or
VVI) did not demonstrate a statistically significant
relationship with pacing dependency (p= 0.145).
Biomarker analysis revealed that median B-type
natriuretic peptide (BNP) levels were significantly
higher in pacing-dependent patients compared to non-
dependent ones (269.0 pg/ml vs. 146.0 pg/ml, p<
0.001). Similarly, median galectin-3 levels were
elevated in the pacing-dependent group (22.0 ng/ml
vs. 16.0 ng/ml, p< 0.001), as shown in Table 2.

Pacing dependency
Variables No Yes p-value
(n=61) (n=39)
Indication for CIEDs Second or third AVB 21 26 0.008
Sick sinus syndrome 17 6
Atrial Fibrillation 12 6
Ventricular Tachycardia 11 1
LV function Normal 51 25 0.010
Mild-Moderate dysfunction 9 7
Severe dysfunction 1 7
NYHA classification I 2 17 0.009
111 18 27
v 19 17
Mode of pacemaker DDD 30 15 0.145
VDD 21 11
VVI 10 13
BNP (pg/ml) Median (IQR) 146.0 (70-372) 269.0 (132-576) <0.001
Galectin-3 (ng/ml) Median (IQR) 16.0 (6.38-38.0) 22.0 (5.7-96.0) <0.001
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In order to find the independent factors that predict
pacing dependence, a multivariate analysis model was
performed. Only factors that had a p-value < 0.1 in
univariate analyses were entered into this model. Each

Table 3: Multivariate analysis

Physiological role of BNP and galectin-3

continuous variable was categorized into two
categories with an appropriate cutoff value. The result
is depicted in Table 3.

Variables Ind(ip=e6n fd)ent D‘Zﬁigg‘;nt p-value OR (95% CI)

Duration (year) <5 37 15 0.019 3.28(1.12-4.71)
>5 24 24

Ischemic heart disease No 54 29 0.256 2.03(0.42-25.42)
Yes 7 10

Chronic kidney disease No 58 30 0.011 3.47(1.27-7.18)
Yes 3 9

Indication for CIEDs Second or third AVB 21 26 0.043 0.39(0.09-1.69)
Sick sinus syndrome 17 6 0.086 0.27(0.06-1.2)
Atrial Fibrillation 12 6 0.109 0.39(0.09-1.69)
Ventricular Tachycardia 11 1 0.013 0.11(0.08-1.67)

LV function Normal 51 25 0.132 4.69(0.88-16.32)
Mild-Moderate dysfunction 9 7 0.316 2.0(0.52-7.7)
Severe dysfunction 1 7 0.063 4.69(0.88-16.32)

NYHA classification I 2 17 0.060 5.33(1.85-21.98)
il 18 27 0.024 5.33(1.85-21.98)
v 19 17 0.001 3.88(1.34-61.13)

BNP (pg/ml) <160 33 5 0.001 6.23(2.69-39.64)
>160 28 34

Galectin-3 (ng/ml) <16 31 8 0.014 2.12(1.85-21.98)
>16 30 31

Each CIED duration (OR= 3.28, 95% CI= 1.12-4.71,
p=0.019), CKD (OR= 3.47, 95% CI= 1.27-7.18,
p=0.011), second or third AVB (p= 0.043), NYHA III
(OR= 3.88, 95% CI= 1.34-61.13, p= 0.024), and
NYHA IV (OR= 5.33, 95% CI= 1.85-21.98, p=
0.001) BNP > 160 pg/ml (OR= 6.23, 95% CI= 2.69-
39.64, p= 0.001) and galectin-3 > 16 ng/ml (OR=
2.12, 95% CI= 1.85-21.98) were independent factors
for prediction of independence. Receiver operating
characteristic (ROC) curve was used to explore the
predictive value of BNP and galectin in anticipating
pacing dependency. For BNP, the AUC was 0.836,
95% CI= 0.759-0.914, p<0.001. The sensitivity and
specificity of the test at a cutoff value of BNP= 166
pg/ml were 87% and 64%, respectively. For galectin-
3, the AUC was 0.715, 95% CI= 0.605-0.824, p<
0.001. The sensitivity and specificity of the test at a
cutoff value of BNP= 16.5 ng/ml were 77% and 56%,
respectively (Figure 1).

Source of the
Curve
—BNP
= Galectin3
= =Reference Line

Sensitivity

1 - Specificity

Figure 1: ROC curve for BNP and galectin-3
pacing dependency in patients carrying CIEDs.

as predictors for

For the combination of BNP and galectin-3, the AUC
was 0.912, 95% CI= 0.857-0.966, p<0.001. The
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sensitivity and specificity of the test were 87% and
85%, respectively (Figure 2).

Source of the
Curve
—BNP
—Galectin3
— —Reference Line

Sensitivity

1 - Specificity

Figure 2: ROC curve for the combination of BNP and galectin-3 as
predictors for pacing dependency in patients carrying CIEDs.

DISCUSSION

Various investigations conducted globally have
identified distinct independent predictors associated
with pacing dependency. In a study conducted in the
Netherlands, multivariate analysis revealed a
significant correlation between pacing dependency
and the presence of either second- or third-degree
atrioventricular (AV) block at the time of
implantation (OR= 19.9), atrial fibrillation at the time
of implantation (OR= 2.15), LVEF < 30% (OR=
2.06), CKD (OR= 1.86), and a follow-up duration
exceeding five years post-implantation (OR= 3.29)
[1]. A meta-analysis conducted by Steyers et al. [13]
characterized the associated factors identified by
multiple researchers who have investigated this
phenomenon in patients receiving implants for
conductive disorders subsequent to cardiac surgery.
These factors encompassed postoperative complete
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atrioventricular block (AVB), preoperative first-
degree AVB, preoperative left bundle branch block,
syncope, and a body mass index (BMI) of 28.5 kg/m?
or greater. Through the application of multivariate
analysis, Sonou et al. [14] illustrated that female
gender (OR= 3.28, 95% CI= 1.32-8.64, p= 0.012),
preoperative complete AVB (OR= 0.11, 95% CI=
0.03-0.32, p= 0.001), and a duration of less than
twelve months (OR= 0.22, 95% CI= 0.05-0.77) were
significantly correlated with pacing dependency. The
discrepancies in independent predictors of pacing
dependency across studies can be explained by
differences in study populations, definitions,
methodologies, and clinical settings. Variations in
patient characteristics—such as underlying heart
disease, indication for device implantation, and
comorbidities like chronic kidney disease or heart
failure—can  significantly influence outcomes.
Additionally, each study may use different definitions
and timeframes for assessing pacing dependency,
leading to varied interpretations. The significant
association of these factors with pacing dependency
could be explained in different aspects. For example,
CKD promotes electrolyte
disturbances (hyperkalemia,  hypocalcemia,  and
hypomagnesemia) that adversely affect cardiac
conduction  tissue  excitability and  impulse
propagation. These metabolic abnormalities can
suppress sinus node automaticity and impair
atrioventricular conduction, potentially leading to
increased pacing dependency [15]. Advanced AVB
typically reflects structural damage to the conduction
system from processes such as fibrosis, degeneration,
ischemia, or infiltration. Unlike functional conduction
disturbances that might be reversible, these structural
abnormalities tend to be permanent and
progressive [16]. Advanced heart failure (NYHA IV)
is  characterized by excessive  neurohormonal
activation (elevated catecholamines, renin-
angiotensin-aldosterone  system activation, and
elevated natriuretic peptides), which may directly
suppress sinus node function and impair conduction
through various mechanisms [17]. In the present
study, each of BNP and galectin-3 was significantly
elevated in patients with pacing dependency
compared with those with pacing independency, and
the combination of both markers had an excellent
AUC (0.912), with the sensitivity and specificity of
the test being 87% and 85%, respectively. To the best
of our knowledge, the only previous study that
investigated the serum biomarkers for predicting
pacing independency was that by Grimm et al. [1],
which found that BNP > 150 pg/mL is independently
associated with pacing dependency (OR= 2.12; 95%
CI: 1.16-3.97, p= 0.02). On the other hand, studies
have demonstrated that patients with ventricular rate
modulated pacing (VVI) modes exhibit increased
BNP levels over time (BNP ratio of 1.54+0.3 after 3
months), whereas those with Dual Chamber Rate
Adaptive (DDDR) pacing show decreased BNP levels
(ratio 0.38+0.17). The reason for this difference is that
atrioventricular synchrony is lost during VVI pacing,
which lowers cardiac output and raises stress on the
ventricular wall. [18]. As VVI was more common in

319

Physiological role of BNP and galectin-3

the pacing-dependency group in the present study, this
can explain, in part, the high level of BNP in those
patients. Furthermore, pacing can lead
to electromechanical dyssynchrony, resembling the
pattern observed in left bundle branch block. This
dyssynchrony causes abnormal septal motion, reduced
left ventricular ejection fraction, and ultimately
promotes the development of pacing-induced
cardiomyopathy. The higher BNP levels in patients
who need pacing are most likely a result of this
abnormal remodeling process and the resulting
problems with blood flow [19]. Galectin-3 functions
as a key mediator between inflammation and fibrosis,
with elevated levels reflecting ongoing inflammatory
activity in cardiac tissue. A previous study indicated
that galectin-3 promotes the conversion of fibroblasts
to myofibroblasts and enhances the secretion of pro-
inflammatory cytokines, creating a vicious cycle of
inflammation and fibrosis that predisposes to
conduction system disease and pacing
dependency [20]. Moreover, galectin-3 may help
identify patients at risk for atrial high-rate episodes
(AHREs). This is particularly relevant in pacing-
dependent patients, who may be more vulnerable to
atrial arrhythmias due to underlying structural heart
disecase [21]. BNP and galectin-3 reflect distinct
but interconnected pathological processes in cardiac
remodeling. While BNP primarily represents
hemodynamic stress and volume overload, galectin-3
reflects inflammatory-mediated fibrotic
transformation. Their simultaneous elevation in
pacing-dependent patients suggests the coexistence of
both mechanical stress and structural remodeling,
providing a more comprehensive picture of the
underlying myocardial pathology. Felker et al. [22]
demonstrated that patients with concordant elevation
of both biomarkers have worse outcomes than those
with elevation of only one marker, highlighting the
potential synergistic effect of these pathways in
driving progression of the disease. This study has
several limitations that should be acknowledged. First,
the sample size was relatively small and drawn from a
single center, which may limit the generalizability of
the findings to broader populations. Second, the cross-
sectional design restricts the ability to establish causal
relationships between biomarker levels and the
development of pacing dependency. Additionally,
biomarker measurements were performed at a single
time point, which may not reflect dynamic changes
over time. Lastly, device-related factors such as
pacing percentage and lead parameters were not
analyzed in detail and could provide further insights
in future studies. Prospective, longitudinal studies
with larger, diverse cohorts are needed to validate and
expand upon these findings.

Conclusion

Collectively this study demonstrates that pacing
dependency in patients with CIEDs is significantly
associated with both clinical and biochemical
parameters. Key independent predictors include
prolonged CIED implantation duration, presence of
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chronic kidney disease, advanced NYHA functional
class, and second- or third-degree atrioventricular
block. Importantly, elevated levels of BNP and
galectin-3 were found to be strong and independent
predictors of pacing dependency. ROC analysis
further confirmed the high predictive accuracy of
BNP and galectin-3, particularly when used in
combination. These findings suggest that integrating
biomarker assessment with clinical evaluation may
enhance risk stratification and guide follow-up
strategies in patients with CIEDs. Thus, measurement
of BNP and galectin-3 levels should be considered in
the clinical evaluation of patients with CIEDs,
particularly for those at risk of developing pacing
dependency.
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