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Right Ventricular Pacing-Induced Heart Failure
after Mitral Valve Replacement

Meng-Ta Tsai," Wei-Chuan Tsai,” Jun-Neng Roan® and Chwan-Yau Luo™?

It is an unfortunate fact that pacing-induced heart failure after cardiac surgery is frequently ignored by medical
professionals. A 60-year-old woman with chronic atrial fibrillation with a single-lead right ventricular permanent
pacemaker for a prolonged ventricular pause underwent mitral valve replacement 6 months later for severe
stenosis (NYHA functional class 111). The patient’s pacing rate was increased from the preoperative level of 60 beats
per minute (bpm) to 70 bpm in order to facilitate weaning from the cardiopulmonary bypass. However, her
postoperative low cardiac output continued to progress, despite the presence of inotropes. The patient’s cold
limbs and oliguria persisted until she underwent echocardiographic imaging, which showed dyssynchronous
ventricular contraction 29 days post-surgery but which improved after the pacing rate was reduced below her
spontaneous rate. Ultimately, clinicians should exercise caution when increasing right ventricular pacing for
postoperative stunned myocardium. Due to the problems that can arise from an increased pacing rate, postoperative
pacing strategy in patients complicated with low cardiac output after mitral valve replacement merits further
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discussion.
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INTRODUCTION

External pacing is a common practice after cardiac
surgery. Either through use of a temporary epicardial
pacing wire or by preexisting permanent pacemaker,
surgeons try to overcome postoperative heart block,
bradycardia, or low cardiac output by increasing the
pacing rate. Although the prevalence of permanent
post-surgery pacing ranges from 0.4-6.7%" its possible
adverse effects are often ignored. Right ventricular (RV)
pacing may lead to dyssynchronization of not only atrio-
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biventricular contraction, but also to interventricular
and intraventricular dyssynchrony and consequent ven-
tricular dysfunction.”> We present a case of mitral valve
replacement (MVR) with a complicated postoperative
course due to unrecognized RV pacing-related ventricu-
lar dysfunction.

CASE REPORT

A 60-year-old woman with moderate-to-severe mi-
tral stenosis had been followed-up for many years. She
had chronic atrial fibrillation, which was complicated
with a high-degree atrioventricular block and syncope
episodes since 2010. Use of a Holter monitor demon-
strated the patient’s maximal long pause of 9.89 se-
conds, and a transvenous single-lead RV permanent
pacemaker was implanted. Its pacing rate was set at 60
beats per minute (bpm), and the pacing site was seated
on the RV high septum. The ratio of pacing rhythm to
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her spontaneous rhythm was approximately 1:1 (Figure
1A). Her diabetes was well-controlled with oral medica-
tions, and she continued to suffer the ill-effects of an
old stroke with right hemiparesis. However, she re-
mained capable of independently conducting her own
activities of daily life.

She was free from syncope and heart failure pro-
gression (NYHA class Ill) until 2011. The echocardio-
graphy showed severe mitral stenosis (mitral valve area
= 0.68 cm?), an adequate left ventricular ejection frac-
tion [left ventricular ejection fraction (LVEF) = 68%], and
mild tricuspid regurgitation without pulmonary hyper-
tension. Preoperative coronary catheterization showed
one-vessel disease in the left anterior descending ar-
tery, with 60% stenosis over the proximal segment and
50% stenosis over the orifice of the 1st diagonal branch.

The patient underwent an MVR procedure (a 29-

mm Hancock Il porcine heart valve; Medtronic, Minne-
apolis, MN, USA, was used instead of a mechanical valve
because of her request) and coronary artery bypass
grafting with the left internal thoracic artery. Both ante-
rior and posterior mitral leaflets and subvalvular appara-
tus were excised because of extensive calcification. We
did not consider a MAZE operation because of the pa-
tient’s huge left atrium (6 cm) and longstanding chronic
atrial fibrillation (AF) (more than 5 years). Myocardial
protection was conducted with cold blood cardioplegia
and epicardial cooling. The aortic cross-clamp and
cardiopulmonary bypass times were 112 and 134 min-
utes, respectively. She regained atrial fibrillation with a
ventricular response of around 60 bpm after an aortic
declamp. Despite administration of 14 ug/kg/min of
dobutamine and 0.01 pug/kg/min of epinephrine, tran-
sesophageal echocardiography showed that the ventri-
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Serial electrocardiographies. (A) Baseline pacing rate of 60 bpm with intermittent spontaneous rhythm. (B) Immediately after MVR her

rhythm was totally dependent on pacing of 70 bpm. (C) Under Dobutamine support she regained spontaneous AF rhythm of 80 bpm. (D) After
cessation of Dobutamine her spontaneous rate decreased and was dependent on pacing of 70 bpm again. Heart failure was progressing. (E) Pacing
was increased to 80 bpm to overcome low cardiac output but in vain. The LV dyssynchrony was most evident at this time. (F) With completely
spontaneous AF rhythm around 60 bpm, heart failure dramatically improved. AF, atrial fibrillation; LV, left ventricle; MVR, mitral valve replacement;

POD, postoperative day.

Acta Cardiol Sin 2015;31:353—357



Pacing-Induced Heart Failure after MVR

cular contraction was globally impaired, which made
weaning from the cardiopulmonary bypass difficult. We
increased the pacing rate to 70 bpm, and the cardio-
pulmonary bypass could be weaned off with dobut-
amine only (Figure 1B). Biventricular epicardial pacing
was not considered in this case because it primarily ben-
efits patients with preoperative left ventricle (LV) dys-
function and wide O\RS,6 which was not the condition of
our patient.

The patient’s atrial fibrillation with ventricular re-
sponse recovered to around 80 bpm with dobutamine
support on postoperative day 1 (Figure 1C). There was
no ST segment change, nor were there any other gath-
erings or new Q-wave. Her postoperative laboratory
data also excluded perioperative myocardial infarc-
tion from any differential diagnosis (peak CK-MB level
of 21.44 ng/ml, CK 259 ng/ml, and Troponin-T 0.554
ng/ ml, all peaked within 2 days after the operation).
After inotrope use was discontinued, the patient’s
rhythm was noted to be totally pacing (70 bpm) (Fig-
ure 1D).

It was noted that the patient’s low cardiac output
had developed during the 7 days subsequent to surgery,
with progressing fatigue, cold limbs, and oliguria. Echo-
cardiography excluded cardiac tamponade; in fact the
prosthetic valve functioned well. The patient showed
global LV hypokinesia (LVEF = 32%) and paradoxical
septal motion, a common post-cardiac surgery echo-
cardiographic finding.* We thought that the post-MVR
change explained the impaired ventricular function. We
added dobutamine and raised the pacing rate to 80
bpm, (Figure 1E) but LVEF further declined (LVEF = 25%).
The E/E’ of 48 suggested diastolic dysfunction. Besides,
dyssynchronous contraction of the LV lateral and septal
walls was manifest. The septal-to-posterior wall contrac-
tion delay was 340 ms (Figure 2, > 130 ms indicates
dyssynchrony®). These findings, combined with the tim-
ing of the progression of her heart failure, were instru-
mental in establishing the diagnosis of RV pacing-in-
duced heart failure.

Thereafter, we reduced the pacing rate to 50 bpm.
The patient regained complete atrial fibrillation with a
ventricular response of 50-60 bpm (Figure 1F). Her LV
contraction became synchronous and her heart fail-
ure improved dramatically within days (LVEF = 45%).
The E/E’ gradually decreased to 19, Overall, oliguria

improved and Dobutamine was weaned off. The pa-
tient was subsequently discharged on postoperative
day 47.

DISCUSSION

Heart failure induced by the uncoupling of the
atrioventricular contraction after RV pacing is conven-
tionally described as “Pacemaker syndrome”.
extended to a broader concept of RV pacing-related ven-
tricular dysfunction to include dyssynchrony of the
interventricular and intraventricular contractions.”* RV

It has been

pacing propagates electrical signals through myocar-
dium rather than through the His-Purkinje system. It
produces a functional conduction delay comparable to
left bundle branch block, which leads to dyssynchronous
myocardial contraction and subsequent ventricular dys-
function.”® In this patient with chronic AF, her condition
worsened when atrio-ventricular synchrony was origi-
nally lost. Additionally, her heart failure was exacer-
bated by an increased RV pacing rate, which arose due
to substantial dyssynchrony at the ventricular level.

Dyssynchrony may be present in up to 50% of pa-
tients after RV pacing, but only 26% of them develop
heart failure.” When a pacing site is distant from the
conduction system, especially the RV apex, it produces
more dyssynchrony.3 The RV apex, in fact, seems to be
the worst location. Alternatively, the septum (as in our
patient), RV outflow tract, or His bundle may be better
choices because of their adjacency to the conduction
system.?

mﬂ

Figure 2. M-mode echocardiography showed a septal-to-posterior
contraction delay up to 340 ms.
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It has been previously observed that elevated RV
pacing yields a higher incidence of ventricular dysfunc-
tion, but no clear threshold has been established.? Pa-
tients with myocardial infarction, LVEF < 50%, and QRS
latency > 120 ms are at greater risk.> Our patient had
none of these risks, and tolerated an uneventful RV pac-
ing for 6 months. However, she still suffered heart fail-
ure after the pacing rate had been increased for only
one postoperative week. Apparently, mitral valve sur-
gery could be an important exacerbator.

Mitral annulo-ventricular continuity moderates LV
geometry and systolic function.® Preservation of the
chordopapillary apparatus during MVR prevents post-
operative regional wall-motion abnormality (RWMA)
and impairment of LVEF.® In this case, the severe sub-
valvular calcification made chordal preservation diffi-
cult, and the consequently impaired LVEF and RWMA
might have accentuated the effect of the RV pacing-re-
lated dyssynchrony. We therefore suggest that the mi-
tral chords be preserved as completely as possible in pa-
tients requiring a permanent pacemaker. If chordal
transection is inevitable, placement of an artificial neo-
chord must be considered. If any chordal preservation
or reconstruction is unfeasible due to extensive papil-
lary muscle calcification, other options including mini-
mizing RV pacing rate, an alternative pacing site, or
biventricular pacing should be considered.’

The benefits of cardiac resynchronization therapy
highlight the drawbacks of isolated RV pacing. Com-
pared with atrio-univentricular pacing, postoperative
atrio-biventricular epicardial pacing further increases
the cardiac index to 22%, which facilitates weaning from
CPB and recovery from postoperative myocardial stun-
ning, especially in patients who have preoperative LV
dysfunction and wide QRS.” We did not consider bi-
ventricular pacing due to our patient’s preoperative
condition. However, if chord preservation or reconstruc-
tion is impossible and the post-MVR effect on the LVEF
and regional wall-motion is encountered, biventricular
pacing in patients who require postoperative pacing
may be considered because these patients may be more
vulnerable to RV pacing-related heart failure, even with-
out preoperative LV dysfunction and wide QRS.

However, RV pacing also leads to diastolic dysfunc-
tion, changes in regional perfusion, oxygen demand and
myocardial strain, and ventricular remodeling,2 which
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cannot be completely avoided even with biventricular
pacing. Therefore, minimizing unnecessary pacing is of
the utmost importance. Regular echocardiographic fol-
low-ups are mandatory after increasing the rate of pac-
ing. Any unexplained deterioration of heart function af-
ter increasing the percentage of pacing should merit at-
tention and response. Surgeons must realize that in-
creasing the pacing rate is not always beneficial for over-
coming postoperative low cardiac output syndrome.

CONCLUSIONS

RV pacing-induced heart failure is often overlooked
in surgical patients. Cardiac surgeons must be vigilant in
observing any clinical deterioration after pacemaker ad-
justments, and aware that increasing the pacing rate
alone does not always solve postoperative low cardiac
output. In this case, the relationship between chordal
transection and RV pacing-related dyssynchrony made
us reconsider the chord-preserving and pacing strategy
in mitral valve surgery.
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