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Abstract

Background: The purpose of this study is to evaluate cardiac functions using transthoracic echocardiography,
change in lead parameters and electrocardiogram (ECG) morphology in patients undergoing permanent pacemaker
implantation over a follow-up period of 6 months.

Methods: This is a prospective study in patients undergoing permanent pacemaker implantation in a tertiary care
hospital. Patients undergoing permanent pacemaker implantation were enrolled for up to one year and Echocar-
diographic parameters (by 2 blind operators) and ECG parameters were recorded at admission (within 24 h), before
discharge (within 7 days of pacemaker implantation), after 1 month (£ 7 days) and after 6 months (47 days) of
follow-up.

Results: A total of 96 patients (60.4% males and 39.6% female, mean age 66.65 years) were implanted with perma-
nent pacemaker. The mean QRS duration was 133.18 ms and increased significantly to 146.03 ms by 6 months despite
septal lead placement in majority (92%) of patients. The mean baseline ejection fraction of 51.47 decreased signifi-
cantly to 47.83 by 6 months. Diastolic parameters like left atrial volume index, early to late diastolic transmitral flow
velocity (E/A) and early diastolic mitral annular tissue velocity (E/e’) showed a significant increase (> 5%) from baseline
by the end of first week. By the end of first month, systolic dysfunction of RV sets in with significant (>5%) change
from baseline in parameters like Right ventricle myocardial performance index, transannular plane systolic excursion
and right ventricle systolic excursion velocity (RVS).

Conclusion: We have observed that pacemaker recipients with baseline reduced left ventricle (LV) systolic func-
tions perform significantly worse compared to those with baseline normal cardiac functions and had a higher rate of
deterioration of LV function. RV dysfunction is the first abnormality that occurs, by 1 week followed by LV dysfunction
which starts by 1 month and the diastolic dysfunctions precede the systolic dysfunction. QRS duration also showed a
gradual increase despite septal lead placement in majority (92%) and lead parameters showed no significant change
over 6 months.
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Background

Permanent cardiac pacing is the most efficient treatment
for patients with chronic high-degree atrio-ventricular
(AV) block and symptomatic sick sinus syndrome (SSS).
The right ventricular (RV) apex has been the preferred
site for ventricular lead placement because of good pac-
ing and sensing function,the ease of implantation and
long-term stability of passive pacing leads [1]. Emerging
clinical evidence has confirmed that RV pacing leads to
abnormal ventricular activation and contraction that are
associated with adverse long-term clinical outcomes [2,
3]. More studies are needed to fully understand the ben-
eficial and deleterious effects of RV pacing and better
identify the patients who are at risk for its detrimental
effects. However, the early prediction of myocardial dys-
synchrony might provide opportunities to prevent fur-
ther deterioration into advanced heart failure. With this
background we planned this prospective study to identify
the patients at high risk for deteriorating heart functions.

Methods

Aims and objectives

To assess the ventricular functions, QRS duration and
pacemaker lead parameters over a period of 6 months in
patients after permanent Pacemaker implantation.

Study population

This is a prospective study in patients undergoing perma-
nent pacemaker implantation in a tertiary care hospital in
North India. Patients undergoing permanent pacemaker
implantation were enrolled for up to one year and Echo-
cardiographic parameters and ECG parameters were
recorded at admission (within 24 h), before discharge
(within 7 days of pacemaker implantation), after 1 month
(£7 days) and after 6 months (£ 7 days) of follow-up. All
patients eligible for permanent pacemaker implantation
according to current guidelines were included.

We included patients over 18 years of age who needed
permanent pacemaker according to indications of the
ACC/AHA guidelines for implantation of a permanent
pacemaker. We excluded patients participating in other
studies or patients who cannot perform follow-up in the
centre.

Particulars of all the study participants along with
presenting complaints, detailed present, past, personal
and family history were noted at admission. The indi-
cation of pacing, type of pacemaker (Single Chamber/
Dual Chamber), lead position (Apical/Septal), pacing
mode (DDD or VVI) and the lead parameters were noted
after pacemaker implantation. All the study participants
underwent routine echocardiography (2 blind operators)
and ECG at admission (within 24 h), before discharge
(within 7 days of procedure), after 1 month (£7 days)
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and 6 months (+7 days) of follow-up using a standard-
ized protocol and required parameters were noted and
recorded. Pacemaker Interrogation was done on follow-
up of 1 month and 6 month and the lead parameters like
resistance, voltage, sensitivity and pacing percentages
were recorded. Cumulative per cent ventricular paced
(Cum%VP) was calculated by (1) finding, for each visit,
the mean per cent ventricular paced over all visits up to
and including that visit, weighted by the number of days
between visits, and (2) using linear interpolation to deter-
mine the values for days between visits. Mean value of all
these parameters was calculated at 0, 1 week, 1 month
and 6 month and a change of more than 5% from the
mean value of these parameters was regarded as practi-
cally significant change. The study was approved by the
institutional review board, and all included subjects gave
informed consent to participate in the registry.

Statistical analysis

Data were described in terms of range; mean 4 standard
deviation (+ SD), median, frequencies (number of cases)
and relative frequencies (percentages) as appropriate.
Comparison of quantitative variables between the study
groups was done using paired ¢ test for independent sam-
ples for parametric data. For comparing categorical data,
Chi square (Z2) test was performed and exact test was
used when the expected frequency is less than 5. A prob-
ability value (p value) less than 0.05 was considered sta-
tistically significant.

Results

A total of 128 patients received a conventional single- or
dual-chamber pacemaker during this period and were
assessed for eligibility. Among all pacemaker recipi-
ents, 28 did not meet the entry criteria and 4 patients
had pacing percentage less than 85% and were excluded
from analysis. Hence, the study population consisted
of 96 patients (58 male, 60.4%) with a mean age of
66+11 years. Over the 6 month follow-up, 2 (out of
the 96) patients died. One patient had a haemorrhagic
stroke and died within 3 month period and the other hav-
ing documented coronary artery disease died suddenly
within 1 month. Four patients were lost to follow-up. One
patient did not report at 1 month and the other three
at 6 month. Data could therefore be obtained for all 96
patients at baseline and before discharge, in 94 patients
at 1 month and 90 patients at 6 months. History of diabe-
tes was present in 43 (44.8%) patients, history of hyper-
tension was present in 62 (64.6%) patients, while history
of coronary heart disease was present in 28 (29.2%)
patients. Only 19.8% (19) of the patients had a history
of alcohol intake and 6% (6) patients had positive his-
tory of smoking while only 2 (2.1%) patients had history
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of any substance abuse. Presyncope was the most com-
mon presenting complaint in 47 (49%) patients while syn-
cope was present in 25 (26%) patients. Important clinical
characteristics of the study population, including detailed
information on the pacing indications, implanted car-
diac pacing devices and site of pacing, are presented in
Table 1. Patients were followed for a mean of 6 months.
Around 34% patients needed single chamber pacemaker
(Mainly including Complete heart block with advanced
age or financial constraints in whom single chamber-VVI
pacemaker was put with all patients having septal lead
placement and just few patients of high grade AV block
with advanced age or financial constraints had single
chamber VVI pacemaker).

Pacemaker lead parameters (Table 2)

In majority of patients (66%) dual chamber pacemaker
was implanted with DDD. Single chamber pacemam-
aker was implanted in 34% patients with VVI mode

Table 1 Baseline characteristics

No. of patients Percentage

Gender

F 38 396

M 58 60.4

Total 96 100.0
Past history

Diabetes 43 448

Hypertension 62 64.6

CAD 28 292
Personal history

Alcohol 19 19.8

Smoking 6 6.3

Others 2 2.1
Presenting complaints

Non-specific symptoms 1 11.5

Dsypnea 8 8.3

Palpitation 5 52

Presyncope 47 49.0

Syncope 25 26.0
Indication of pacing

CHB (complete heart block) 62 64.6

High degree AV block 15 15.6

SSS (sick sinus syndrome) 19 19.8

Total 96 100.0
Type of pacemaker

Single chamber 33 344

Dual camber 63 65.6
Lead position

Apical 8 83

Septal 88 917
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and in majority around 92% patients septal lead was
placed. The mean value of resistance of the atrial lead
was 535.49 Ohms at the time of pacemaker implanta-
tion, 511.34 ohms after 1 month and was 575.13 ohms
at the end of 6 months. While the mean value of resist-
ance of the ventricular lead was 595.20 ohms at the time
of pacemaker implantation, 565.33 ohms after 1 month
and was 628.16 ohms after 6 months. The mean value
of threshold of the atrial lead was 1.0 V at the time of
pacemaker implantation, 0.85 V after 1 month and was
0.77 V at the end of 6 months. While the mean value of
threshold of the ventricular lead was 0.96 V at the time
of pacemaker implantation, 0.85 V after 1 month and
was 0.87 V after 6 months. The mean value of sensitivity
of the atrial lead was 2.71 mV at the time of pacemaker
implantation, 2.57 mV after 1 month and was 2.45 mV
at the end of 6 months. While the mean value of sensi-
tivity of the ventricular lead was 5.82 mV at the time of
pacemaker implantation, 6.24 mV after 1 month and was
6.4 mV after 6 months. Pacing percentage was above 90%
in maximum patients and patient with pacing percent-
age below 85% were excluded from study. So this bias was
tried to be minimized by excluding low pacing percent-
age cases which may have altered the results.

QRS duration (Table 2)

Majority of our patients (92%) had septal lead placement.
The mean QRS duration at the time of admission was
133.18 ms which had increased significantly to 150.29 ms
before discharge (p value <0.0001). At the end of 1 month
the mean QRS duration was 140.87 ms (p value=0.001)
and increased to 146.03 ms by the end of 6 months
(p value<0.0001). Out of the total of 96 patients, an
increase of more than 10% in QRS duration was present
in 16 patients at 1 week (out of which 69% were diabetics,
81% were hypertensives and had a mean age of 66 years)
while in 27 patients at 1 month (out of which 52% were
diabetics, 66% were hypertensives) and only 39 patients
at 6 month (out of which 49% were diabetics, 64% were
hypertensives).

Echocardiographic parameters (Table 3)

The mean EF of the patients at the time of admission
was 51.47 and showed an insignificant rise to 51.73 (p
value =0.084) before discharge. By the end of 1 month,
the mean EF was 50.10 (p value<0.0001) and decreased
significantly to 47.83 by 6 months (p value <0.0001). Out
of the total of 96 patients, 52 patients (54%) had EF of
more than 50% at baseline (average age of 65 years). These
patients had an average decrease of 0.2% by 1 week, 2.4%
by 1 month and 6.0% by 6 months in EF as compared to
baseline. No patient out of these 52 patients had an EF of
less than 50% during the 6 month follow-up.
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Table 2 Pacemaker parameters and QRS duration
N Min Max Mean SD p value

Resistance-A (Ohm)

Before Discharge 63 430.0 695.0 53549 61.32

1 month 62 62.0 671.0 51134 90.66 0.566

6 month 60 425.0 7220 57513 6143 0.108
Resistance-V (Ohm)

Before Discharge 96 3450 1380.0 595.20 11247

1 month 94 3180 1335.0 565.33 111.19

6 month 90 355.0 1445.0 628.16 119.59 0.7
Voltage-A (Volt)

Before Discharge 63 0.5 40 1.00 044

1 month 62 0.3 15 0.85 0.26 0.053

6 month 60 03 1.5 0.77 0.24 0.066
Voltage-V (Volt)

Before Discharge 96 0.3 40 0.96 0.39

1 month 94 0.3 2.0 0.85 0.27 0.1

6 month 90 0.3 6.2 0.87 0.63 0.1
Sensitivity-A

Before Discharge 63 0.5 6.2 2.71 1.37

1 month 62 0.5 6.0 257 1.23 0.099

6 month 60 0.5 6.5 245 1.24 0.085
Sensitivity-V

Before Discharge 96 0.0 15.6 5.82 545

1 month 94 0.0 15.0 6.24 5.63 0.100

6 month 90 0.0 15.6 6.40 561 0.126
Pacing percentage (%)

Before Discharge 96 91 96 935 212 0.723

1 month 92 89 94 915 1.32 0.542

6 month 95 92 97 94.5 3.21 0.891
QRS duration (msec)

At admission 96 82.0 2020 133.18 29.45

Before Discharge 96 920 204.0 150.29 24.74 0.000

1 month 94 84.0 188.0 140.87 20.38 0.001

6 month 90 98.0 184.0 146.03 19.82 0.000

Forty-four patients (46%) had EF of less than or equal
to 50% at baseline (average age of 68 years). These
patients had an average decrease of 1.7% by 1 week, 2.2%
by 1 month and 9.0% by 6 months in EF from baseline. At
1 month >5% decrease in EF as compared to baseline EF
was seen in 11 patients (25%). At 6 month >5% decrease
in EF as compared to baseline EF was seen in 29 patients
(66%).

The mean RV stroke volume at the time of admission
was 42.34 ml which had increased to 43.86 ml before
discharge. At the end of 1 month the mean RV stroke
volume was 41.05 ml (decrease of 3%) and decreased to
38.32 ml (decrease of 9.4%) by the end of 6 months which
shows statistically significant change.

The mean LV stroke volume at the time of admission
was 44.58 ml which had increased to 46.29 ml before
discharge (p value<0.0001). At the end of 1 month
the mean LV stroke volume was 43.37 ml (decrease of
2.6%) and decreased to 41.10 ml (change of 7.6%) by
the end of 6 months which shows significant change (p
value <0.0001). Cardiac output showed an statistically
insignificant change over a period of 6 months.

Left ventricle end systolic diameter and diastolic diam-
eter (LVESD and LVEDD) also show significant changes
after period of 1 month and 6 month. Right ventricle end
systolic diameter and diastolic diameter (RVESD and
RVEDD) showed significant increase at 1 month and con-
tinued to increase progressively till 6 months. Practically
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Table 3 Echocardiographic parameters

N Minimum Maximum Mean SD p value

LVEF

At admission 96 280 60.0 5147 9.83

Before discharge 96 280 60.0 51.73 9.54 0.084

1 month 94 26.0 60.0 50.10 9.88 0.000

6 month 90 24.0 60.0 47.83 1041 0.000
RV SV

At admission 96 280 62.0 4234 767

Before discharge 9% 230 66.0 43.86 838 0.000

1 month 94 220 62.0 41.05 822 0.002

6 month 90 23.0 58.0 3832 8.08 0.000
LV sv

At admission 96 220 700 4458 9.21

Before discharge 96 250 75.0 46.29 8.71 0.000

1 month 94 24.0 68.0 4337 845 0.010

6 month 90 220 64.0 41.10 873 0.000
€0)

At admission 96 1.1 304 332 3.08

Before discharge 96 2.2 34.0 396 3.19 0.665

1 month 94 1.8 256 356 239 0.569

6 month 90 17 48 3.09 0.69 0461
LV ESD

At admission 96 12.0 49.0 3131 772

Before discharge 96 12.0 480 29.80 748 0.000

1 month 94 12.0 50.0 3273 761 0.000

6 month 90 14.0 51.0 3539 7.69 0.000
LVEDD

At admission 96 260 60.0 45.60 7.19

Before discharge 96 26.0 61.0 46.05 7.3 0.051

1 month 94 26.0 66.0 4896 749 0.000

6 month 90 30.0 68.0 5221 7.31 0.000
RVESD

At admission 96 8.0 24.0 10.30 268

Before discharge 96 50 230 10.59 3.10 0.109

1 month 94 9.0 24.0 13.13 329 0.000

6 month 90 9.0 280 16.63 4.07 0.000
RVEDD

At admission 96 20.0 380 23.08 353

Before discharge 96 20.0 38.0 2438 359 0.000

1 month 94 20.0 420 27.83 4.21 0.000

6 month 90 220 48.0 32.66 553 0.000
LAVI

At admission 96 17.0 55.0 23.86 4.83

Before discharge 96 13.5 57.0 24.83 529 0.000

1 month 94 15.1 56.6 27.08 5.46 0.000

6 month 90 14.7 57.5 29.50 6.18 0.000
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significant change (>5%) occurs as early as first month in
diastolic dimensions of both LV and RV.

Right ventricle myocardial performance index (RVMPI)
at the time of admission was 0.60 which showed a gradual
increase to 0.61 before discharge. At the end of 1 month
the mean RV MPI was 0.66 (an increase of 10%) and
increased to 0.72 by the end of 6 months (p value <0.0001
for 1 month and 6 month). Mean left ventricle myocar-
dial performance index (LVMPI) also increased simi-
larly, becoming statistically significant by 1 month and
6 months (p value<0.0001). Practically significant
increase (>5%) in the value of both LVMPI and RVMPI
occurs by first month of pacemaker implantation.

The left atrial volume index (LAVI) showed a gradual
and progressive increase over a period of 6 months with a
change of 4%, 13% and 23% at first week, first month and
6 months of pacemaker implantation.

The mean TAPSE at the time of admission was 19.0 mm
and 19.42 mm before discharge (p value=0.02). At the
end of 1 month the mean TAPSE was 16.84 (fall of 11%)
and decreased further to 14.58 (fall of 23% from baseline)
by the end of 6 months (p value <0.0001 for 1 month and
6 month).

Our study shows an insignificant decrease in PASP
within first week of pacemaker implantation followed by
progressive increase over the period of 6 month.

E/A ratio and E/e’ ratio showed a progressive increase
over a period of 6 month suggesting deteriorating LV
diastolic function. Practically significant change (>5%) in
both E/A ratio and E/e’ ratio occurs as early as first week
of pacemaker implantation.

RVS' and LVS’ showed an increase within the first
week of pacemaker implantation followed by a gradual
and progressive decrease over the follow-up period of
6 months suggesting the worsening of ventricular systolic
functions.

Discussion

RV pacing has been rigorously evaluated in numerous
trials which have shown that it may be associated with a
worse clinical outcome like deterioration of LV systolic
function, development of heart failure and atrial fibrilla-
tion [4-8].

Similar to the results by Zhang et al. [9], our study
showed that the deterioration of LV functions was higher
in elderly patients and patients having more number of
risk factors like both diabetes and hypertension than
patients having only hypertension or only diabetes.

The DANPACE study randomized 1415 patients with
sinus node dysfunction to AAIR or DDDR pacing and
concluded that predictors of development of HF included
older age, reduced baseline LVEF, and previous myo-
cardial infarction [10]. Our study also showed that the
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decrease in EF was more in patients who had prior LV
dysfunction, were older in age and had higher number of
risk factors like diabetes, hypertension, coronary artery
diseases. Studies by Fang et al. [11] and Kiehl et al. [12]
have confirmed that pre implant EF is an important pre-
dictor for the development of pacemaker induced cardio-
myopathy. Tse et al. did not notice any improvement of
LV function during follow-up period for 6 month in their
comparative studies of alternate site of pacing but noticed
significant improvement in global LV systolic and dias-
tolic function after 18 months [13]. A study conducted by
Yu et al. (2009) [14] showed that in patients with normal
systolic function, conventional right ventricular apical
pacing resulted in adverse left ventricular remodelling
and in a reduction in the left ventricular ejection fraction.

Similar to the results by Ebert et al. [15], our study
showed that the deterioration in LVEF was gradual and
progressive and more in patients who had baseline LV
dysfunction. Our findings were in accordance with the
study conducted by Sarkar et al. [16] which have shown
worsening LV diastolic and systolic functions after pace-
maker implantation. Our findings were in accordance
with the study by Dwivedi et al. [17] which showed that
diastolic dysfunction develops as early as first week after
pacemaker implantation. They also suggested that dias-
tolic abnormalities are first to appear which are followed
by appearance of systolic abnormalities. Tantengco et al.
also studied the left ventricular dysfunction after long-
term right ventricular apical pacing and concluded that
in young patients requiring long-term RV pacing, alter-
native sites of ventricular pacing that simulate normal
biventricular electrical activation should be explored
[18].

Both Ahmad et al. [19] and Schmidt et al. [20] have
concluded that RV pacing prolongs QRS duration inde-
pendent of EF. Majority of our patients (92%) had septal
lead placement. In our study, the worsening of cardiac
functions after pacemaker implantation was also evi-
dent on ECG as indicated by significant increase in QRS
duration over a 6 month follow-up despite septal lead
placement. A study conducted by Lee et al. 2014 [21]
revealed the best cut-off value of QRS width to be 150 ms
for the prediction of myocardial dyssynchrony. Out of
96 patients, 12 patients had QRS duration of more than
150 ms at baseline but none of them had symptoms of
heart failure. These patients presented with the symp-
toms of either syncope or presyncope.

There were no incidence of any complications like
pocket hematoma, acute perforation, infection, lead dis-
lodgement, erosion, lead fracture or insulation break.

Our study requires further evaluation using modalities
like cardiac MRI which have been regarded as gold stand-
ard for assessing cardiac functions [22]. In literature,
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various therapeutic options have been suggested in
patients with a conventional pacemaker indication. The
upgrade to CRT may partially reverse the deleterious
effects of RV apical pacing [23, 24]. New pacing strate-
gies and alternative RV pacing sites [25] may prevent the
induction of ventricular dyssynchrony and the deteriora-
tion of LV function.

Limitations

The major limitation of our study was small sample size
and short follow-up period. Our study requires further
evaluation using modalities like cardiac MRI and car-
diac strain imaging which have been regarded as gold
standard for assessing cardiac functions. Our study also
required us to assume a deterioration of >5% in the echo-
cardiographic parameters from baseline as a significant
change in practical assessment.

Conclusion

+ The mean QRS duration increased significantly by
6 months despite septal lead placement.

« Diastolic parameters like LAVI, E/A and E/e’ showed
a significant increase from baseline by the end of first
week.

+ By the end of first month, systolic dysfunction of
RV sets in with significant change from baseline in
parameters like RVMPI, TAPSE and RVS'.

« Significant change in both systolic and diastolic func-
tion was present by the end of 6 months without any
change in the resting cardiac output.
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