CASE REVIEW

An Example of the Deleterious Effects
of Right Ventricular Apical Pacing
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Pacemaker implantation remains the mainstay of treatment in patients with symptom-
atic sinus node disease or severe heart block. Despite the dramatic benefits of this ther-
apy, a high burden of ventricular pacing is known to have its disadvantages. Reported is
the case of an 85-year-old woman with a history of sick sinus syndrome who presented
with congestive heart failure after her atrioventricular sequential pacemaker defaulted
to ventricular pacing mode as a result of battery depletion. After replacement of her
generator and reinstitution of atrial pacing, dramatic improvements in her symptoms
and echocardiographic findings were observed. Although it is difficult to predict which
patients will ultimately develop cardiac decompensation as a result of ventricular pac-
ing, closer follow-up and early recognition of these complications is essential to prevent
adverse outcomes.
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steady increase in pacemaker implantation
Ais expected to continue, mostly related to an

aging population. Despite the benefits pro-
vided by these devices, namely, clinical improve-
ment in patients with symptomatic sinus node
disease or severe heart block, a high burden of ven-
tricular pacing has its disadvantages. We present a
case of an 85-year-old woman who developed acute
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decompensated heart failure as a result of right ven-
tricular (RV) apical pacing.

Presentation

An 85-year-old white woman presented to the hos-
pital with a 2-week history of progressive dyspnea,
which progressed to New York Heart Association
class IV heart failure, associated with dry cough and
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bilateral lower extremity edema.
She had otherwise been asymp-
tomatic until 1 month prior to her
presentation. Her past medical his-
tory is significant for hypertension,
a prior transient ischemic attack,
and implantation of a dual-cham-
ber pacemaker (Sigma® SDR303;
Medtronic, Minneapolis, MN) 12
years prior for symptomatic sinus
node disease. Her last pacemaker
interrogation had been more than
1 year before presentation, and had
shown normal pacemaker func-
tion. She did not have a history of
heart failure, and her left ventricu-
lar ejection fraction (LVEF) 2 years
prior to this admission was 55% to
60%. Her outpatient medications
included aspirin, 81 mg/d, lisino-
pril, 10 mg/d, simvastatin, 20 mg/d,
and diltiazem, 120 mg/d.

On presentation to the emer-
gency room, the patient had a heart
rate of 65 beats/min, a blood pres-
sure of 152/85 mm Hg, and an oxy-
gen saturation of 90% on room air.
She was noted to have crackles at
both lung bases, a 1/6 apical systolic
murmur, and 1+ bilateral lower
extremity pitting edema. Initial
laboratory studies were significant
for normal cardiac enzymes and an
elevated prohormone brain natri-
uretic peptide level of 2569 pg/mL.
Her chest radiograph demonstrated
mild cardiomegaly, perihilar con-
gestion, and small bilateral pleural
effusions. The initial electrocardio-
gram (ECG) revealed ventricular
pacing at a rate of 65 beats/min with
left bundle branch block (LBBB)
morphology, retrograde ventricu-
loatrial conduction, and a QRS axis
of —56 degrees. This was differ-
ent from an ECG done 10 months
prior, which showed an atrial paced
rhythm at a rate of 60 beats/min
with normal PR interval and intrin-
sically conducted QRS complexes
(Figure 1A, B). Transthoracic echo-
cardiogram demonstrated a mildly
reduced LVEF, calculated at 44%

by the modified Simpson method,
an abnormal septal motion con-
sistent with her conduction
abnormality, mild left ventricu-
lar hypertrophy, and mild mitral
regurgitation. The stroke volume

and RV systolic pressure were esti-
mated to be 61 mL per beat and 43
mm Hg, respectively.

The patient received treatment
for acutely decompensated heart
failure, including intravenous

Figure 1. Atrial pacing noted in an electrocardiogram 10 months before presentation (A). Electrocardiogram
at presentation demonstrated ventricular pacing with retrograde ventriculoatrial conduction (B). After the

generator was changed, atrial pacing was restored (C).
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diuretics  (furosemide 20 mg
every 12 hours) and her home med-
ications were continued. She did

to LBBB, with propagation of the
cardiac impulse occurring from
myocyte to myocyte, rather than

Interrogation of the pacemaker revealed that the device had
reached its elective replacement interval 1 month prior to admis-
sion, presumably at the time the device inherently switched from
atrial pacing-ventricular sensing (DDD mode) to ventricular pacing

(VVI mode).

not require intravenous inotropic
agents. Interrogation of the pace-
maker revealed that the device had
reached its elective replacement
interval 1 month prior to admis-
sion, presumably at the time the
device inherently switched from
atrial pacing-ventricular sensing
(DDD mode) to ventricular pac-
ing (VVI mode). On the third day
of her hospitalization, she under-
went generator replacement and
the pacemaker was programmed
back to DDD mode with lower rate
of 60 beats/min, upper rate of 120
beats/min, and an atrioventricu-
lar (AV) delay of 250 ms. A repeat
echocardiogram 6 days after the
battery change showed drastic
improvements in her hemodynam-
ics, mostly notable for an improved
ejection fraction, calculated at 61%
by the modified Simpson method,
and a stroke volume of 77 mL
per beat. The patient’s symptoms
improved significantly after her
medical therapy was optimized and
the pacemaker was programmed
to a predominantly atrial paced
rhythm (Figure 1C). She was dis-
charged home shortly thereafter.

Discussion

Although pacemaker implantation
can often be a life-saving interven-
tion, there is evidence demonstrat-
ing the adverse effects of RV apical
pacing on cardiac function. This
hasbeen attributed mostly to abnor-
mal electrical activation resulting
in mechanical dyssynchrony of
the ventricles."> Electrically, ven-
tricular pacing behaves similarly

the Purkinje system."”? This results
in a sluggish conduction that pro-
duces a heterogeneous pattern of
ventricular activation, and ulti-
mately a delay in contraction
between the interventricular sep-
tum and the posterior or lateral
wall.> The resulting dyssynchrony

can be evaluated with conventional
M-mode Doppler echocardiogra-
phy by measuring the septal to pos-
terior wall motion delay. A value
> 130 ms is considered a marker of
left ventricular dyssynchrony.’ Our
patient had 170 ms (Figure 2A) dur-
ing ventricular pacing.

RV apical pacing can also have
adverse effects on the metabo-
lism, perfusion, hemodynamics,
and mechanical function of the
myocardium.”>  Although these
derangements  occur  globally
throughout the ventricle, studies
have demonstrated that the effect
is most prominent near the pacing
site.! Small observational studies

Figure 2. M-Mode echocardiography assessment of the septal to posterior wall motion delay prior to (A) and

after (B) pacemaker generator replacement.
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TABLE 1

Right Ventricular Pacing Studies

Patients, N Results
2011

RV pacing was strongly associated with both atrial fibrilla-
tion and heart failure hospitalization, regardless of whether
DDDR or VVIR pacing was utilized

506 DDDR at 70 beats/min was compared with back-up ven-
tricular demand pacing at 40 beats/min. The composite

567

691

endpoint of death or first hospitalization for heart failure at
1 year was more frequent in the DDDR arm

In patients who met indications for and had an ICD placed,
those who were paced most of the time had a higher rate
of new or worsened heart failure and were more likely to
receive therapy for ventricular arrhythmias

A lower incidence of the composite endpoint of time to
death from any cause, urgent care visit for heart failure, or
15% increase in left ventricular end-systolic volume index,

Study Study Type
Sweeney MO et al* Randomized
(MOST trial)

Wilkoff BL et al® Randomized
(DAVID trial)

Steinberg JS et al® Randomized
(MADIT Il trial)

Curtis AB et al® Randomized
(BLOCK-HF trial)

Sweeney MO et al'® Randomized
(SAVE PACe Trial)

Dabrowska-Kugacka A Randomized
etal"

Kypta A et al' Randomized

was seen over time in patients who received CRT when
compared with ventricular pacing

Dual-chamber minimal ventricular pacing, as compared
with conventional dual-chamber pacing, prevents ven-
tricular desynchronization and moderately reduces the risk
of persistent atrial fibrillation in patients with sinus node

1065

disease

122 Patients were randomized to either RVA or RVOT lead
placement. At 10-year follow-up, the RVOT provided no ad-
ditional benefit in long-term survival over RVA pacing

98 Lead placement in the mid or high septum was compared
with standard placement in the RVA. The occurrence or
deterioration of heart failure was similar in both treatment

arms

BLOCK-HF, Biventricular versus Right Ventricular Pacing in Heart Failure Patients with Atrioventricular Block; CRT, cardiac resynchronization therapy; DAVID, Dual
Chamber and VVI Implantable Defibrillator Trial; DDDR, dual chamber rate responsive pacing; ICD, implantable cardiac defibrillator; MADIT, Multicenter Automatic
Defibrillator Implantation Trial; MOST, Mode Selection Trial in Sinus-Node Dysfunction; RV, right ventricular; RVA, right ventricular apex; RVOT, right ventricular out-
flow tract; SAVE PACe, Search AV Extension and Managed Ventricular Pacing for Promoting Atrioventricular Conduction.

have demonstrated significant
reductions in ejection fraction and
stroke volume, which can become
evident as early as 2 hours after the
initiation of ventricular pacing.?
Our patient, with no prior history
of cardiomyopathy, developed an
acute reduction in her ejection frac-
tion to 45% to 50% within 1 month
of ventricular pacing.

Long-term ventricular pacing can
cause further reduction in systolic
function, abnormal ventricular

Long-term ventricular pacing can cause further reduction in sys-
tolic function, abnormal ventricular remodeling, and deterioration

of functional capacity.

remodeling, and deterioration of
functional capacity."* Large clini-
cal trials have confirmed these
hemodynamic alterations but have
been somewhat inconsistent with
regard to outcomes in patients with
chronic RV pacing (Table 1). A sub-
study of the Mode Selection Trial in
Sinus-Node Dysfunction (MOST)

demonstrated that, in patients
with sick sinus syndrome, RV pac-
ing was strongly associated with
both atrial fibrillation and heart
failure hospitalization, regardless
of whether DDDR or VVIR pac-
ing was utilized.* Another pivotal
study, the Dual Chamber and VVI
Implantable Defibrillator (DAVID)
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trial, compared dual-chamber
rate-responsive pacing (DDDR) at
70 beats/min to back-up ventricu-
lar demand pacing at 40 beats/
min in patients with an ejection
fraction < 40% and an indication
for an intracardiac device.” The
composite endpoint of death or
tirst hospitalization for heart fail-
ure at 1 year was more frequent in
the DDDR arm (83.9% vs 73.3%),
which, surprisingly, had a much
higher percentage of paced ven-
tricular beats.> Results from this
and similar studies, such as a sub-
study of the Multicenter Automatic
Defibrillator Implantation Trial II
(MADIT II), suggest that patients
with preexistent systolic dysfunc-
tion may be even more susceptible
to the deleterious effects of RV
pacing.”¢

When compared with an LBBB,
RV  pacing generates an even

therapy (CRT) in patients with
heart failure and conduction delay
led to clinical trials evaluating its
utility in patients with standard
indications for pacing. Studies
have demonstrated improvements
in left ventricular hemodynam-
ics and mechanical function, as
well as reverse remodeling in
these patients.”® The recently pub-
lished Biventricular versus Right
Ventricular Pacing in Heart Failure
Patients with  Atrioventricular
Block (BLOCK-HF) trial enrolled
patients with pacing indications
for AV block, an ejection frac-
tion < 50%, and New York Heart
Association class I to III heart
failure.” A lower incidence of the
primary outcome, the composite
of death from any cause, urgent
care visit for heart failure, or 15%
increase in left ventricular end-
systolic volume index, was seen over

When compared with an LBBB, RV pacing generates an even greater
conduction delay, which, in heart failure patients, can be further
worsened by underlying electrical abnormalities.

greater conduction delay, which,
in heart failure patients, can be
further worsened by underlying
electrical abnormalities.” The suc-
cess of cardiac resynchronization

time in patients who received CRT,
which appeared to be independent
of the initial ejection fraction.’

RV pacing in patients with com-
plete heart block, both intrinsic

and postablation, is unavoidable;
even with CRT therapy, ventricu-
lar conduction remains from myo-
cyte to myocyte. In patients with
pacemakers implanted for sinus
node disease, options for decreas-
ing ventricular pacing are less lim-
ited. Managed ventricular pacing
algorithms have been developed
to minimize ventricular pacing,
particularly AV search hysteresis,
and have yielded variable results in
clinical trials."” Additionally, alter-
native pacing sites, such as the RV
outflow tract, ventricular septum,
and His bundle, have been studied
with inconclusive results.”

In our patient, the problem was
easily addressed with pulse genera-
tor replacement. Most major brands
of dual-chamber devices default to
ventricular pacing to save battery
life once they reach their elective
replacement interval. After bat-
tery replacement and reinstitution
of atrial pacing and intrinsic AV
conduction, a more synchronous
pattern of ventricular activation
was observed. Interestingly, the
decrease in the septal to posterior
wall motion delay from 170 ms to
110 ms (Figure 2A, B) corresponded
with the marked improvement in
her hemodynamic parameters.

the posterior or lateral wall.

e Although pacemaker implantation can often be a life-saving intervention, there is evidence demonstrating the
adverse effects of right ventricular apical pacing on cardiac function, attributed mostly to abnormal electrical
activation resulting in mechanical dyssynchrony of the ventricles.

e Ventricular pacing behaves similarly to a left bundle branch block, with propagation of the cardiac impulse
occurring from myocyte to myocyte, which results in a sluggish conduction that produces a heterogeneous
pattern of ventricular activation and, ultimately, a delay in contraction between the interventricular septum and

* Long-term ventricular pacing can cause further reduction in systolic function, abnormal ventricular remodeling,
and deterioration of functional capacity.

* Selecting the appropriate device for pacing/defibrillation can be challenging, and multiple factors must be
considered. Abnormalities of cardiac function, automaticity, and atrioventricular conduction, both at the time of
implantation and those anticipated in the future, should affect this decision.
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Selecting the appropriate device
for pacing/defibrillation can be
challenging, and multiple factors
must be considered. Abnormalities
of cardiac function, automaticity,
and AV conduction, both at the
time of implantation and those
anticipated in the future, should
affect this decision. With this in
mind, it is still difficult to predict
which patients will tolerate the dif-
ferent pacing modalities. In the
case discussed, it is important to
note that the patient had not seen a
physician for more than 1 year for
pacemaker evaluation. Ideally, with
the appropriate follow-up, this
acute change could have been rec-
ognized early and addressed appro-
priately before the patient presented
with heart failure. Perhaps the most
effective method to minimize com-
plications associated with RV api-
cal pacing, or any form of cardiac

pacing for that matter, is regular
evaluation by a physician who is
thoroughly familiar with the vari-
ous complexities of implanted car-
diac pacemakers. [ ]
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