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Patients with complete heart block often develop pacing-induced cardiomyopathy (PICM) after
placement of a permanent pacemaker. Objective: To establish paced QRS duration as
determinant of pacing induced cardiomyopathy in complete Atrioventricular (AV) block.
Methods: This descriptive study included 115 male and female patients that had a permanent
pacemaker implanted for complete AV block, at the department of Cardiology, Hayatabad
Medical Complex, Peshawar, during the period 1" November 2023 till 30" June 2024. Patients
were evaluated for the presence of PICM and subsequently grouped as PICM and non-PICM.
Paced ORS duration in both groups was compared. Results: PICM was confirmed in 63 patients
(54.8%)and 52(45.2%)were non-PICM. Mean age in PICM group was 71.2 +8.7yearsand 66.8 £ 9.5
years in non-PICM group. The mean paced QRS duration in PICM group was 200.5 + 22.3
milliseconds and 168.3 + 15.7milliseconds in non-PICM group (p value <0.001). Conclusions:
Prolonged paced QRS duration was found as key indicator for predicting pacing induced
cardiomyopathyin patients with permanent pacing for complete AV block.

INTRODUCTION

Pacing Induced Cardiomyopathy (PICM) is an issue that
needs attention in patients having prolonged ventricular
pacing on placement of a Permanent Pacemaker (PPM) for
full AV block [1, 2]. Restoration of normal cardiac rhythm
prevent negative hemodynamic consequences resulting
from AV block but prolonged ventricular pacing has been
shown to adversely affect cardiac structure and function
eventually leading to PICM [3-5]. Risk stratification and
prevention strategies are hampered by impenetrable

complex factors which cause PICM[6]. The prolonged PR
interval or QRS complex might be indicative of major
dyssynchrony that can lead to dilated atria or ventricles as
well as their poor contractility [7]. However other studies
suggest that protracted pQRS may also be an additional
marker for excessive dyssynchrony during ventricular
contractions associated with damaging remodeling and
dysfunction [8-10]. Nevertheless, there is still a lack of
clarity on how development of PICM occurs due to pQRSd
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increase [11]. Thus, identification of variables influencing
onset of PICM will provide evidence for optimizing patient
care and outcomes in terms of clinical implications
associated with this disease. The study focused on
variables such as age, gender and baseline LVEF in the
multivariate model because they have been shown to
potentially influence the development of PICM.
Multicollinearity was checked using Variance Inflation
Factor (VIF), and all variables had acceptable VIF values
(below 4), ensuring that multicollinearity did not affect the
results.

Consequently, the present study aimed to investigate
paced QRS duration as a predictor for PICM among patients
with complete atrio-ventricular block following permanent
pacemaker implantation. The current paper also explored
how pQRSd can be utilized as a measure of risk
stratification and target therapy in order to minimize
adverse effectsrelated to ventricular pacing on myocardial
contractility.

METHODS

This descriptive study was carried at the department of
Cardiology, Hayatabad Medical, Complex, Peshawar, during
the period 1" November 2023 till 30" June 2024. Approval
for the conduct of the study was granted vide no: 1638. A
total of 115 male and female patients in the age range 20 to
90 years who underwent permanent pacing for complete
AV block at the department of cardiology of the hospital
were registered. Patients with prior history of
cardiomyopathies, patients taking diuretics, beta blockers
or digoxin, patients with history hyperthyroidism, patients
with valvular heart disease and previous history of
intervention for conduction abnormalities were excluded.
Complete AV block was confirmed by the presence of
clinical findings such as dizziness, palpitations and
shortness of breath and ECG showing identifiable p waves
with complete dissociation from QRS complex. Permanent
pacemaker was small battery placed under the skin that
generates and provides electrical impulses to the heart at
regular intervals. Pacing induced cardiomyopathy was
confirmed on echocardiography defined as ejection
fraction 50.0% or below or sudden decline in ejection
fraction by greater 10.0% from baseline after permanent
pacemaker installation. Paced ORS duration was measured
as the distance from the start of Q wave till the end of S
wave on ECG recorded in milliseconds in patients with
pacing. Normal value was 160.0 + 18.0 milliseconds.
Patients were recruited using non-probability consecutive
sampling technique and sample size was calculated using
WHO sample size calculator taking 31.5% anticipated
prevalence of pacing induced cardiomyopathy in patients
with pacingforcomplete AV block, 8.5% margin of error and
95% confidence level [4]. Patients were enrolled after
taking permission from research review board of the
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institute. Informed consent was obtained from registered
participants. Basic information and relevant medical
records was retrieved from Electronic Health Records
(EHRs). Baseline left ventricular ejection fraction was
noted. An echocardiography was performed by consultant
cardiologist. Left ventricular ejection fraction was
compared with baseline values and presence of PICM was
noted. Patients were subsequently groupedinto(PICM)and
(non-PICM) based on the presence or absence of PICM. An
ECG was performed and paced QRS duration was noted in
milliseconds by measuringtheinterval between the start of
Qwavetillthe end of Swave. Paced ORS value more than 180
milliseconds was called prolonged paced QRS duration.
Normality of continuous variables (e.g., LVEF, QRS
duration) was tested using the Shapiro-Wilk test. Non-
normally distributed data were reported as median and
Interquartile Range (IQR) and compared using non-
parametric tests (Mann-Whitney U). Potential
confounders, such as the severity of heart conditions(e.g.,
history of coronary artery disease or myocardial
infarction), pacemaker duration, and medication history
(e.g.,use of beta-blockers ordiuretics), were adjusted forin
the multivariate logistic regression model. Data analysis
wasdone with SPSSversion22. Means + standard deviation
was used to characterize continuous variables and
cateqorical data were presented as frequencies and
percentages. Normality was assessed using the Shapiro-
Wilk test, and based on the results, parametric or non-
parametric tests were applied accordingly. Continuous
data were compared using independent sample t test and
chi square test was applied to categorical data.
Multivariate logistic regression analysis was conducted to
evaluate the predictors of PICM while controlling for
confounders such as age, gender, and baseline LVEF. ROC
curve analysis was used to obtain the cut off value for
paced QRS duration for predicting PICM. P value <0.05 was
considered statistically significant.

RESULTS

Atotal of 115 patients were recruited. PICM was observed in
83 patients (54.8%)and 52 (45.2%) were non-PICM. Overall
mean age of the participants was 68.5+9.2 years. Meanage
in PICM group was 71.2 + 8.7 years and 66.8 + 9.5 years in
non-PICM group. Male to female ratio in both groups was 1:
1.25and 1: 1.36 respectively. 15(23.8%) had previous history
of Ml'in PICM group and 12 patients (23.0%) had Ml history.
Baseline clinico-demographic characteristics of the
patientsweresummarizedintable.

Table 1: Patient Demographics and Baseline Clinical
Characteristics(n=230)

Total PICM Non-PICM

(Mean+SD) (Mean*SD) (MeanzSD)

Variables

/N(%) /N(%) /N(%)

Age (Years) 68.5+9.2 71.2+8.7

PJHS VOL. 5 Issue. 9 Sep 2024 Copyright ® 2024. PUHS, Published by Crosslinks International Publishers
BY This work is licensed under a Creative Commons Attribution 4.0 International License. 44




Induced Cardiomyopathy in Atrioventricular Block

Khawajakhail R et al.,

Gender
Male 65(56.5%) | 35(55.5%) | 30(57.7%)
Female 50(43.5%) | 28(44.5%) | 22(42.3%) | 0.123**
Hypertension 82(71.3%) | 45(71.4%) | 37(71.2%) | 0.456**

38(33.0%)
Coronary artery disease| 45(39.1%)

20(31.7%) | 18(34.6%) | 0.789**
22(34.9%) | 23(44.2%) | 0.234**

Diabetes mellitus

Previous myocardial

infarction 27(23.5%)

15(23.8%) | 12(23.0%) | 0.567**

*Independent samplet test

**Chisquare test

Patient with PICM had a significantly lower mean (LVEF)
than those without (49.8% vs. 58.7%, p = 0.001). The left
ventricular end-diastolic and end-systolic diameters were
similarbetweengroups(p>0.05)asreportedintable 2.
Table 2: Baseline Echocardiographic Parameters(n=345)

Variabl Total PICM Non-PICM P- Skewness
arlables  (Mean+SD) (Mean*SD) (Mean:SD) Value value
LVEF (%) 55.2+56 | 49.8+6.35 | 58.7+4.8 [0.001| 0.683
Left ventricular
end-diastolic 49.6+3.2 0.8+3.5 48.9+2.9 [0.234| 0.198
diameter (mm)
Left ventricular
end-systolic 31.4+2.9 33.1+3.2 30.2+2.5 [0.456| 0.031
diameter (mm)

The mean paced QRS duration (pQRSd) compared to non-
PICM patients was significantly different (200.5 ms vs.
168.3 ms, p < 0.001). Patient with PICM had a considerably
higher rate of right ventricular lead insertion at the apical
position(82.8%vs.66.1%, p=0.123)asreportedintable 3.

Table 3: Pacing Variables(n=345)

Total PICM Non-PICM - sk
Variables (Mean+SD) (Mean+SD) (Mean#SD) Value evt:ness
/N (%) IN(%) IN(%) value
Paced ORS
Duration (ms) 180.6 £20.8 | 200.5+22.3 | 168.3+15.7 [<0.001[ 0.985
Right Ventricular Lead Location
Apical 85(73.9%) | 48(82.8%) | 37(66.1%) [0.1231
Septal 25(21.7%) 2(20.7%) 13(23.2%) | 0.456 -
Other 5(4.4%) 3(5.2%) 2(3.6%) [0.789

As illustrated in table 4, Univariate logistic regression
analysis demonstrated that paced QRS duration (OR: 1.15,
95% Cl: 1.08-1.23, p < 0.001) and age (OR: 1.05, 95% ClI:
1.01-1.10, p = 0.02) were significant predictors of PICM.
Other variables like gender and hypertension were not
significantinunivariate analysis.

Table 4: Univariate and Multivariate Logistic Regression Analysis
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Logistic regression model analysis was constructed to
determine the predictive ability of paced QRS duration with
development of PICM, evenafter controlling forage, gender
and baseline LVEF (adjusted odds ratio 1.25, 95% ClI
1.12-1.39, p < 0.001). Variables of age, gender and baseline
(LVEF) exhibited independent associations with PICM,
which was not statistically significant. The ROC curve for
paced QRS duration in predicting PICM had an area under
the curve (AUC)of 0.78, indicating good predictive ability. A
cutoff value of 180 milliseconds offered 75.0% sensitivity
and72.5% specificityasreportedintableb.

Table5: ROC Curve Analysis for Paced QRS Duration

Area Under
the Curve

Optimal

Variables Sensitivity Specificity c

utoff Value

Paced QRS Duration (ms) 0.78 75.0% 72.5% 180 ms

ROC Curve for Paced QRS Duration with a diagonal
reference line, demonstrating the ability of paced QRS
duration to predict pacing-induced cardiomyopathy
(Figure1).

ROC Curve for Paced QRS Duration Predicting PICM
1.0f

o o o
> o o0

True Positive Rate (Sensitivity)

o
(N]

,,’ —— ROC curve (AUC = 0.78)
0.0F % Cutoff 180ms (75% Sens, 72.5% Spec)
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate (1 - Specificity)
Figure 1: ROC Curve for Paced QRS Duration with Diagonal
Referenceline

DISCUSSION

The present research, which included 115 patients
diagnosed with complete AV block and received permanent
pacemaker, provides important insights into the

Variables Adjusted Odds Ratio (95% C1) PR development of Pacing-Induced Cardiomyopathy (PICM).
Univariate Logistic Regression This data show that 54.8% of the patients acquired PICM

Paced QRS Duration 1.16(1.08-1.23) <0.001 during follow-up, which was consistent with prior studies
Age 1.05(1.01-1.10) 0.02 by Ghosh A et al., and Emerek K et al., where PICM rates
Multivariate Logistic Regression varied from 12% and 50% respectively, depending on the

Paced QRS Duration 1.25(1.12 - 1.39) <0.001 cohort and follow-up time [12, 13]. Differences in patient
Age 1.08(1.02-1.15) 0.234 groups, PICM definitions, and follow-up durations were

Gender (male) 1.17(0.98 - 1.32) 0.567 most likely to explain the discrepancy in these
Baseline LVEF 0.92(0.86-0.98) 0.091 percentages. In this research, the mean age of patients
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was 68.5 + 9.2 years. Those developing PICM were
substantially older(71.2 years) than those who did not (66.8
years). This age difference was consistent with previous
research, which suggests that advanced age was a risk
factor for the development of PICM [14]. Older age was
likely associated with a higher load of comorbidities and
cardiac structural alterations that predispose individuals
to PICM. these findings revealed a substantial difference in
LVEF between patients with and without PICM (49.8% vs
58.7%, p=0.001). This result supports prior research by Cho
and colleagues who found lower LVEF as both a predictor
and a consequence of PICM [15]. A lower baseline LVEF
indicates a fragile myocardial that may not withstand the
dys-synchronous pacing associated with right ventricular
pacing. The study found that patients with PICM had
considerably longer mean pQRSd (200.5 ms) than those
without PICM (168.3 ms, p < 0.001). Previous study has also
identified extended pQRSd as a crucial element in the
development of PICM, with comparable cut-off values of
roughly 190 ms described as predictive [16]. This study's
ROC curve analysis for pORSd produced an area of 0.78,
suggesting strong predictive power, and the discovered
cutoff value of 180ms offered 75.0% sensitivity and 72.5%
specificity, which was similar with previous research [14].
The PICM group had a greater rate of right ventricular lead
insertion at the apical location (82.8%) than the non-PICM
group(66.1%), although the difference was not statistically
significant (p = 0.123). This result was consistent with
previous findings of Weintraub WS et al., and another study
by Samaras K et al., that apical pacing was related with
worse remodeling and PICM than non-apical pacing
locations[17,18]. Theindependent correlation betweenthe
development of PICM and longer pQRSd, older age, and
poorer baseline LVEF was validated by the multivariable
analysis. Garcia, J. M. et al., and Lee, H. et al., showed that
genderwas not foundto be asignificant predictor[19,20].

CONCLUSIONS

This study highlights the importance of paced QRS duration
in predicting pacing induced cardiomyopathy in patients
with complete AV block. Mean paced QRS complexin PICM
group was longer than non-PICM group (200.5 ms vs. 168.3
ms, p<0.001). ROC curve analysis revealed
180.0milliseconds cut off for predicting PICM. The
sensitivity and specificity obtained were 75.0% and 72.5%
respectively. Demographics like age, gender and clinical
parameters could not perform significantly effect in
multivariate analysis.
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