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Background The use of transvenous pacing leads is associated with the risk of developing tricuspid valve (TV) dysfunction. This
develops through several mechanisms including the failure of leaflet coaptation or direct damage to the TV or to
its sub-valvular apparatus and can result in significant tricuspid regurgitation (TR). Multiple approaches to pace-
maker implantation after transvenous lead extraction (TLE) or surgical TV repair have been described. Placement
of pacing leads across the TV is generally avoided in such circumstances.

...................................................................................................................................................................................................
Case summary A 66-year-old woman presented with a year-long history of exertional dyspnoea, peripheral oedema, and postural

neck pulsations. Her medical history included a dual-chamber pacemaker implantation for sinus node dysfunction
14 years ago. Echocardiography revealed severe lead-related TR. Her case was discussed in our multi-disciplinary
team meeting. A decision was made to perform a TLE and implant a leadless pacemaker in an attempt to avoid
open-heart surgery if possible. This was reserved as an option in the event of persistent severe TR. Transvenous
extraction of the right ventricular lead was performed. The atrial lead was preserved and connected to and AAI
device. A Micra AV was implanted allowing for atrioventricular (AV) synchronous pacing.

...................................................................................................................................................................................................
Discussion We present the first case of successful implementation of AV sequential pacing using a dual-pacemaker approach

involving the use of an AAI pacemaker and a Micra AV device. This was performed after TLE for severe lead-
related TR.
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Introduction

The use of transvenous pacing leads is associated with the risk of
developing tricuspid valve (TV) dysfunction. This develops through a
number of mechanisms including the failure of leaflet coaptation or
direct damage to the TV or to its sub-valvular apparatus and can re-
sult in significant tricuspid regurgitation (TR).1–3 The development of
significant lead-related TR is associated with right ventricular (RV)
and atrial (RA) dilatation, an increased risk of heart failure hospitaliza-
tion and all-cause mortality.4

Multiple approaches to pacemaker implantation after transvenous
lead extraction (TLE) or surgical TV repair have been described.
Placement of pacing leads across the TV is generally avoided in such
circumstances. We describe a novel approach to maintaining atrio-
ventricular (AV) sequential pacing in a patient with sinus node dys-
function, AV conduction disease, and severe lead-related TR.

Timeline

Case presentation

A 66-year-old woman presented with a year-long history of exer-
tional dyspnoea, peripheral oedema, and postural neck pulsations.

She had a history of hypertension, type II diabetes mellitus, hypo-
thyroidism, previous excision of a benign left atrial myxoma, previous

ablation for typical atrial flutter, and dual-chamber pacemaker im-
plantation for sinus node dysfunction 14 years ago. This was a
MedtronicTM VersaVR dual-chamber pacemaker with active fixation
MedtronicTM 5568 and 5076 leads to the RA appendage and RV
apex, respectively. An echocardiogram performed prior to her initial
pacemaker implant was normal apart for minor aortic valve sclerosis.

Pacemaker interrogation revealed that the patient was 100%
atrially paced and had developed AV conduction disease with a 10%
ventricular pacing requirement at a base rate of 60 b.p.m. despite the
use of an algorithm to minimize ventricular pacing (AAI-DDD mode).

Clinical examination revealed peripheral oedema and an elevated
jugular venous pressure with prominent V waves.

Transthoracic echocardiography (TTE) revealed severe TR due to
apparent tethering of the septal leaflet of the TV by the RV lead
(Figure 1A and B, Video 1A and B). The RV was non-dilated with pre-
served systolic function. Left ventricular systolic function was normal,
and there were no other significant valvular abnormalities.

The patient’s case was discussed in our cardiology/cardiothoracic
multi-disciplinary team meeting. Her estimated risk of inpatient surgi-
cal mortality for TV replacement or repair was 4.1% (EUROSCORE
II). Transvenous RV lead extraction with leadless pacemaker implant-
ation was chosen as the first-line strategy, with a view to subsequent
TV surgery (either via sternotomy or minimally invasive surgery) if se-
vere TR persisted despite extraction of the RV lead.

The patient was admitted electively for the procedure. This was
performed under general anaesthesia with prophylactic antibiotic
cover. A temporary pacing wire was placed through left femoral ven-
ous access. A left infra-clavicular horizontal incision was made
through the old scar using a PlasmaBladeTM (Medtronic Plc, USA).
Dissection was made to the pacemaker generator and it was liber-
ated from the pre-pectoral pocket. The RV lead was extracted using
a 9 Fr EvolutionVR RL sheath (Cook Medical, USA). The RA lead was
tested then connected to an Accolade SR (Boston Scientific,
Massachusetts, USA) device. The device was placed in a TYRXTM en-
velope (Medtronic Plc, USA) and the wound was closed in two
layers. Right femoral venous access was obtained and a Micra AVTM

(Medtronic Plc, USA) was implanted using the well-described im-
plantation technique.5 A mid-septal location was chosen on this occa-
sion. The atrial sensing setup feature was run determining an A4
threshold of 1.0 m/s2, A3 threshold of 3.7 m/s2, A3 window end of
860 ms, and a sensing vector of 1þ 3. Sequential AV pacing was suc-
cessful (Figure 2A).

Post-procedural checks including a chest X-ray were satisfactory
(Figure 3). The patient was allowed home the same day.

The patient remained markedly breathless (New York Heart
Association III) and described ongoing pedal oedema at her 2-week
follow-up appointment. A repeat TTE was performed which

March 2004 Left atrial myxoma resection

July 2005 Typical atrial flutter ablation

July 2006 Dual-chamber pacemaker implant for sinus node

dysfunction

May 2019 Onset of symptoms

May 2020 Referred to tertiary centre with diagnosis of severe

lead related tricuspid regurgitation (TR)

29 May 2020 Multi-disciplinary team decision of lead RV lead ex-

traction and leadless pacemaker implant.

15 June 2020 Transvenous right ventricular (RV) lead extraction

þ Micra AV Implant

1 July 2020 Satisfactory device checks. Persistent New York

Heart Association III and transthoracic echocar-

diography showing persistent severe TR

14 September

2020

Assessed by cardiothoracic surgeon and pre-opera-

tive work-up organized

Learning points:
• Lead-related tricuspid valve dysfunction is an important and increasingly recognized complication.
• The MicraTM AV is a second-generation leadless pacemaker which uses a three-axis accelerometer to sense the atrial mechanical

contraction, thus enabling atrioventricular synchronous pacing.
• Atrio-ventricular sequential pacing can be achieved using a dual-pacemaker approach involving the use of a MicraTM AV and a transvenous

AAI.

2 E. Guella et al.
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confirmed severe residual eccentric TR. It showed RV dilatation with
basal and mid-RV diameters of 4.5 cm and 3.7 cm, respectively, which
may have developed secondary to persistent severe TR. The patient
was referred to the cardiothoracic surgical team for TV surgery (re-
pair or replacement). The operation is yet to be performed at the
time of writing this manuscript, delayed by the current pandemic.

Interrogation of the MicraTM AV revealed satisfactory parameters
with a sensed R wave of 19.7 mV, the impedance of 950 X, and
threshold of 0.38 V @ 0.24 ms. Manual atrial mechanical testing
revealed a small atrial mechanical marker (A4) signal, though this was
well sensed (Figure 2B). The device was in VVIþ mode 87% of the
time, favouring intrinsic AV conduction. Ventricular pacing (VP) was
delivered 9.9% of the time. This was divided into 4.4% AMVP and
5.5% VP (Figure 2C). The projected battery longevity was 14 years.
The interrogation of the AAI device was also satisfactory.

Discussion

Pacing leads may cause TR through several mechanisms including
leaflet perforation, transection of the chordae tendinae or of the pap-
illary muscle, or through failure of leaflet coaptation.1–3 Transvenous
lead extraction can result in a significant reduction in TR severity and
improved symptoms even in cases where a new RV lead is
implanted.6 Park et al.7 found that TLE resulted in a significant reduc-
tion in TR severity in approximately one-third of patients with severe
TR pre-extraction. It must be recognized, however, that effect of TLE
on TV dysfunction is variable and highly dependent on the mechan-
ism of TV dysfunction and that results are less favourable in the pres-
ence of tricuspid annular dilatation.8 Careful selection of patients
prior to TLE is therefore essential. We routinely discuss such cases in
a multi-disciplinary team setting involving cardiac device specialists,
imaging specialists, and cardiothoracic surgeons. In this case, we
decided to perform TLE in the first instance in an attempt to avert

open-heart surgery. Unfortunately, TLE did not result in a reduction
in TR, and the patient was referred for TV surgery.

Several approaches to pacemaker implantation have been
described following TLE for lead-related TR. These include ventricu-
lar pacing using epicardial leads, transvenous techniques that avoid
placing a lead through the TV (e.g. LV pacing via the coronary sinus
or His-bundle pacing), and the use of leadless pacemakers. We
strongly considered using either an active fixation LV lead or His-bun-
dle pacing, and both may have been effective alternatives, but we felt
that the risk of raised thresholds or loss of ventricular pacing due to
displacement or dislodgement during surgery made leadless pacing
the most effective long-term option. We did not consider epicardial
pacing to be a suitable first-line pacing strategy as epicardial leads can
only be placed at the time of cardiac surgery.

Leadless pacemaker implantation is associated with high proced-
ural success rates and a low complication rate.9 Their widespread
use has, until recently, been limited by their inability to provide AV
synchronous pacing. Atrial-based pacing has been demonstrated to
reduce the risk of atrial fibrillation and stroke in patients with sinus
node dysfunction.10 Some studies have also found reductions in the
risk of pacemaker syndrome and improvements in quality of life with
the use of dual-chamber devices.11

The second-generation leadless MicraTM AV has been released re-
cently. It uses a three-axis accelerometer to sense the atrial mechan-
ical contraction and allow AV synchronous pacing. This
accelerometer produces waveforms, designated A1–A4, which cor-
respond to the heart sounds S1–S4. Sensing of signals A1–A3 (corre-
sponding to ventricular systole and passive ventricular filling) is
avoided by the device as they fall during the post-ventricular atrial
blanking period (PVAB) and A3 window (Figure 2B). The device seeks
to sense the A4 signal (corresponding to atrial mechanical contrac-
tion) during the A4 window. This window starts at the end of the A3
window and is marked as ventricular end on the marker channel
(Figure 2A and B). The A4 signal (designated AM on the marker

Figure 1 (A) Apical four-chamber view showing severe tricuspid regurgitation. (B) Modified apical four-chamber view suggesting right ventricular
lead impingement of the tricuspid valve septal leaflet.

Novel atrioventricular sequential pacing approach 3



Figure 2 (A) Pacing system analysis demonstrating atrial mechanical sensing (AM) and atrioventricular sequential pacing. (B) MicraTM AV acceler-
ometer waveform showing a small but well-sensed A4 signal. (C) Micra TM AV rate histogram.

4 E. Guella et al.
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channel) is followed by ventricular pacing after a brief ventriculo-
atrial interval (Figure 2A and B).

The MicraTM AV was found to achieve >_70% AV synchrony in 38
out of 40 patients with intact sinus node function and complete AV
block.12 In our case, the patient had sinus node dysfunction requiring
100% atrial pacing prior to implantation of the MicraTM AV which can
provide VDD pacing, but not atrial pacing. Our solution was to con-
nect the existing atrial lead from the DDD system to a single chamber
pulse generator to provide AAI pacing. The MicraTM AV sensed and
tracked atrial activity thus achieving AV synchrony.

Another important point to consider is the impact of leadless pac-
ing on TV function. Beurskens et al.,13 in an observational study
assessing the impact of leadless pacemakers on cardiac and AV valve
function, found comparable rates of worsening TR in 53 leadless
pacemaker recipients and 53 age and sex-matched controls.
Limitations included the fact that controls were recipients of dual (as
opposed to single) -chamber pacemakers. This resulted in important
differences in pacing indications between the two groups and higher
rates of atrial arrhythmias in the leadless pacing group. Additionally,
patients in the leadless pacing group did not benefit from AV syn-
chrony. The available data, therefore, does not allow us to make any
firm conclusions about the relative impact of leadless vs. conventional
pacemakers on worsening TR. Importantly, Beurskens et al. found a
five-fold increase in TR with septal as opposed to apical leadless pac-
ing. The authors postulated that this was due to mechanical interac-
tions between the leadless pacemakers and the TV and its sub-
valvular apparatus. This striking finding clearly merits further
investigation.

With regards to our patient’s long-term pacing strategy, her lead-
less pacemaker’s projected battery longevity (at current pacing
requirements and outputs) is �14 years. Battery longevity would be

expected to reduce to 9.5 years should a 50% pacing requirement de-
velop. Depending on the clinical status when the MicraTM AV reaches
the end of service, we may consider several pacing options including
the addition of a further leadless pacemaker adjacent to the current
device or the use of an LV lead.

In conclusion, our case demonstrates that a dual-pacemaker strat-
egy using a single chamber atrial pacemaker and VDD leadless pace-
maker can successfully deliver AV sequential pacing. Our case also
illustrates the fact that the reduction in lead-related TR severity is
variable, even in carefully selected cases.
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Figure 3 (A) Post-procedural postero-anterior chest X-ray excluding pneumothorax/haemothorax. (B) Lateral chest X-ray showing correct lead
and device positions.
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.Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.
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