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Abstract

The demand for tricuspid valve (TV) surgery hasréased continuously these last years.
Recent registry data have confirmed that TV repaireplacement carry an increased risk of
conduction disorders requiring permanent pacemakptantation, specifically for patients
having multivalve surgery. The implantation of ardecardial right ventricular lead in those
patients may impair TV function, and some otherrapphes may be discussed to avoid
traversing the valve. This contemporary review dbes the different options currently
available for patients requiring pacemaker or defdtion leads implantation after TV

surgery.
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INTRODUCTION
Following the evolution of clinical indicatior’s? the demand for surgery of the tricuspid

valve (TV) has increased continuously. In the Uitetates, the annual number of TV
surgical procedures almost tripled between 200020, the majority combined with left-
sided valve surgery.Treatment options include TV repair and TV reptaeat with a
bioprosthesis or a mechanical valve when repairoisfeasiblé. Recent registry data have
confirmed that TV surgery carries an increased w$kconduction disorders leading to
permanent pacemaker implantatforr. The risk is doubled among patients undergoing
multivalve surgery. The implantation of cardiac lamgable electronic devices, mostly
pacemakers after TV surgery involves technicalidiffies which must be known to the
implanters in order to select the best technicaloapin the individual patient. Several
approaches have been reported: epicardial leadadastd endocardial leads, his-bundle
pacing, leadless pacing, or coronary sinus leatiss paper reviews the current trends in
tricuspid valve surgery, the need for permanentinga@fter surgery including clinical
indication and timing, and the technical options &evice implantation, discussing the

advantages and disadvantages of each techniquicBraecommendations are provided.

TRICUSPID VALVE SURGERY: CURRENT TRENDS
Based on expert opinion (Level of evidence: C), 8847 ESE and 2014 AHA/ACE

guidelines for the management of patients with wialv heart disease gave a class |

recommendation for TV surgery for i) patients wibvere primary or secondary tricuspid
regurgitation (TR) undergoing left-side valve suggdi) symptomatic patients with severe
isolated primary TR without severe right ventricul®V) dysfunction; iii) symptomatic
patients with severe tricuspid stenosis (TS) orepét with severe TS undergoing left-side
valve surgery. In addition, surgery should be adesd (Class lla) for iv) patients with
moderate TR undergoing left-side valve surgeryepdsi v) patients with mild to moderate
secondary TR with tricuspid annular dilatation arop evidence of right heart failure
undergoing left-side valve surgery; vi) patientehwasymptomatic or mildly symptomatic
severe isolated primary TR and progressive RV dygfan. As TV disease is rarely isolated,
most surgical procedures are combined with lefe-sialve surgeries.

Treatment options for TV surgery include valve repath or without annuloplasty ring and
in case of unrepairable valvular lesions or latdedarepair, TV replacement with a
bioprosthesis or a mechanical valve. The two tygfeglves have similar long-term clinical

outcome®® In clinical practice, like for left-heart valvesioprostheses are generally preferred

3
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in patients over 65 years and mechanical valvgg@unger patients with need to continuous
anticoagulation. Temporal trends of TV surgery wexgently analysed in the STS (Society of
Thoracic Surgeons) databas@ver the last decade, 54735 patients underwensurgery in
the US. The annual number of TV surgeries almaptett between 2000 and 2010, the
majority combined with other major surgical procestu (85.7%), mainly mitral valve
surgery. The proportion of valve repairs increasech 84.6% in 2000 to 88.9% in 2010 with
a parallel decline in TV replacements. The most rmom type of valve repair was
annuloplasty alone (75.5%) and most TV replacememi® performed using bioprostheses
(81.5%). Despite increasing age and comorbiditgrehwas a gradual decrease in operative
mortality from 10.6% to 8.2% during the study pdri@lthough concomitant procedures
involving multiple valves or CABG were associatedhwan increased risk of mortality

compared with isolated TVS.

NEED FOR PERMANENT PACING AFTER TRICUSPID VALVE SURGERY
Trends and indication of permanent pacemaker implantation

Tricuspid valve surgery carries a significant re§kconduction disorders requiring permanent
pacemaker implantation (PPI). The implantation tateled to decrease over time from 13-
22% before 2000to 5-11% in the recent yearsbut rates as high as 27% have been recently
described after TV replaceméntMultivalve surgery’ ° redo-TV surger¥? and the use of a
ring annulus for TV repdif’ ** are independent surgical predictors of PPl needhé study

by Koplan? TV surgery doubled the risk of PPI in patientshwitultivalve surgery. Similar
observations were recently reported in a large UKtioentre registry of more than 135,000
patients with valve replacement. Using single aovalve replacement as reference, hazard
ratio for PPl was 2.22 (95%CI 1.40-3.53, p<0.004y) multivalve surgery including TV
replacement, compared to 1.52 (95%CI| 1.40-1.65)).G84) without TV replacement.
(Figure 1). In the whole registry population, agele gender, renal impairment and heart
failure were identified as independent clinicalgctors of PPl requirement. However, these
clinical risk factors have not been found in speqgiopulations of TVS patients. In the same
groups, no preoperative ECG characteristics weeatified to predict postoperative PPI
need:® 3

The leading ECG indication for PPI after TV surgertrial fibrillation with slow ventricular
response (57%9), followed by complete heart block (28%) and simedle dysfunction.

Indeed, most of the patients undergoing TV surgamy in permanent atrial fibrillation
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(76%'9), explaining why a majority of TV surgery patiemseding PPI are implanted with a
single-chamber VVI/VVIR device (75%)

Timing of PPI: immediate versus |ate implantations

To date, only one single study brought insightsualibe timing of PPI after TV surget?.
Fifty four percent of the pacemakers were implanbedore hospital discharge after a
minimum follow-up time of 5 days; most of these ipats needed temporary pacing
immediately after the surgery. The other 46% padidad delayed implantation up to 8 years
post-operatively (Figure 1). A similar increaseskrof late conduction disturbances after TV
surgery compared to other valve interventions v&s shown in the UK registry.

Some teams, mainly in the US, made the choice afathate PPI using epicardial leads in
case of perioperative heart block. In the STS det@p4.2% of the patients with TV repair
and 5.6% with TV replacement received permanentaggial pacemaker at the operative
time2 This strategy is debatable since it is well kndhat a significant proportion of patients
with PPI after cardiac surgery are no longer PMethelent at long-term follow-up. The
proportion is higher for patients implanted forusnnode dysfunction (60-70%) than those
implanted for AV block (0-35%)* Such observation was also demonstrated in thefispec
group of TVS patients where up to 65% were no lorigel-dependent during long-term
follow-up.!® ** This observation is an additional argument fomglielg PPI if possible. Thus,

it seems reasonable to apply to TV surgery patigtgeneral guidelines recommendation on
PPI indications after cardiac surgery, i.e. a gkoibclinical observation up to 7 days to assess
whether thehythm disturbance is transient and spontaneoesiglvesTemporary epicardial
leads should be maintained during this observagienod. However, in case of complete AV
block with low rate escape rhythm, this observapeniod can be shortened since resolution

is unlikely (Class 1, level of evidence &).

Long-term outcomes

There are very few data in the literature on losgrt clinical outcomes after PPl in TV
surgery patients. In the series of Jokinen et al®® patients with a mean follow-up time of
7.9+4.1 years, survival was better in patients wiltemaker implantation than in patients
without pacemaker (P=0.08).However, PPl was significantly associated with ighér
incidence of cerebrovascular events (stroke orsteat ischemic attack) and of worse
functional status (NYHA Class llI-1V).
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APPROACHES FOR DEVICE IMPLANTATION AFTER TRICUSPID VALVE
SURGERY

1. Pacemaker implantation in patientswith TV surgery

Five different options can be discussed i) implapicardial leads; ii) implant a standard
transvenous RV lead; iii) implant a parahissiamlléa His-bundle pacing (HBP); iv) implant
a coronary sinus lead for left ventricular (LV) pag only; and v) implant a leadless

pacemaker.

Epicardial pacing

Data regarding epicardial pacing after TV surgeryadults are scarce. Indeed, most of the
available data are about epicardial device imptertain patients after congenital heart
disease repair. Although epicardial devices ariiefit to ensure pacing, the reliability of
endocardial leads has been shown to be superiopareah to epicardial systerts® This is
particularly true if patients already had open-hesargeries, since operators may have a hard
time to find a portion of ventricle with acceptalplecing thresholds. Although this option has
been widely used in the STS registrperioperative implantation of permanent epicardial
pacing leads should be reserved for very specises of immediate AV block with very low
probability of secondary resumption (see paragi@piing of PPI). An example of epicardial

pacemaker implanted after tricuspid valve replaggngeshown in Figure 2A.

RV transvenous leads

Cardiac implantable electronic device leads cagerfiate with the function of native tricuspid
valves, leading to a significant morbidity and nadity through hemodynamic impairment. In
a series published by the Mayo Clinic group, 4lickevecipients required TV surgery for
severe TV regurgitation caused by previously plaBad transvenous pacemaker or ICD
lead!’ All patients were found to have morphologicallymal TV with malfunction caused
by the lead, mostly lead adherence or impingem&he TV was repaired or replaced, and the
lead removed or positioned and sutured in the postptal or anteroposterior commissure.
Recent data suggest that PM leads are associated Wigher risk of TV regurgitation grade
3-4 after adjustment for LV systolic dysfunctiondapulmonary hypertension, and that PM-
related regurgitation was associated with a 40%emsed mortality’ Thus, a thorough

consideration has to be made in the decision ofantmg transvenous RV leads.
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The mechanisms leading to lead-induced TV dysfoncéire various, either mechanical (TV
obstruction, perforation or laceration; lead adheeedue to fibrosis causing incomplete TV
closure; lead entrapment in the TV apparatus) actfanal (pacing-induced dyssynchrony
leading to myocardial dysfunction and TV annulalatdition)™® and requiring a specific
management based on lead removal/relocation/repkate associated with TV
repair/replacement if needed, depending on clirdadl echocardiographic dafa.

Data regarding the interaction of RV transvenowsl$ewith TV apparatus after valvular
repair or replacement are scarce and controveidatine et al reported their experience on
791 patients with TV repair between 1997 and 2008 of them having or requiring a
subsequent pacemaker implantafibithe presence of a transvenous pacemaker was found
be an independent risk factor for recurrence of diRing follow-up. The presence of a
transvenous lead was also found to be a significadependent predictor of late mortality.
Conversely, Eleid et al did not find any clear evide of increased risk of post-operative
severe TR in a cohort of 58 patients who undenaeoibprosthetic TV implantation prior to
PM/ICD transvenous lead implantatitmAlthough more data would be required to clarifg th
safety of such method, transvalvular lead implamtamay appear an acceptable approach for
patients after TV repair or with a bioprosthetic ®¥and requiring a permanent pacemaker or
defibrillator placement. Examples of transvenousd lémplantation after bioprostheic valve
replacement or repair are shown in Figure 2 (PBreeid panels C and D, respectively).
However, we firmly do not recommend, even done amtilished?® positioning a RV
transvenous lead through a mechanical valve dwehigh risk of complications, including,

obviously, the risk of lead fracture and valve olbstion.

His-bundle pacing

Compared to ventricular pacing, HBP is a more piggic form of pacing supposed to
preserve normal electrical activation of the vetes and prevent ventricular dyssynchréhy.
This could be an interesting alternative for tmegitpost-TVS AV blocks, especially as the
conduction disorder is nodal in the majority ofeasHBP has been described to be feasible in
a majority of patients after prosthetic valve suygf@ but in the series published so far, only
10 patients with TV rings were included and nonéhwiV replacement. From a technical
point of view, the TV ring may act as a radiograptmarker of the his-bundle and facilitate
the identification of the successful site. Interegly, successful sites of HBP appeared to be
at an average distance of 19 mm from the TV ffngurther studies will be required to

analyze the safety and efficacy of HBP specificallpatients after TV surgery.
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Coronary sinus leads

Before the advent of transvenous CRT in late 96my manuscripts reported cases of
permanent ventricular pacing through coronary vegither due to inadvertent placement of
the “RV” lead into the middle cardiac vein with avised diagnosis obtained from paced
RBBB pattern and from the chest-X ray in sagittéw/>?" or with a deliberate CS
positioning due to inaccessible RV in patients vatmgenital heart disea$&s’ or after TV
replacement® 3% 32

Since CRT emerged as a cornerstone therapy fot feelure patients, rare supplementary
data have been published in the literature reggr@8 pacing after TV surgery. Only one
small series of 17 patients (11 TV repairs and 6 réplacements, including 2 mechanical
ones) was recently published. The time interval B implantation after TV surgery was
around one week. Pacing threshold at implantatiasa W9+0.3V and remained stable after a
2-year follow-up®® Due to the right atrial dilatation and resultinglposition of the CS
ostium, CS catheterization and lead placement nmeaymbre challenging in this specific
situation compared to typical CRT patients.

The long-term effects of VVI pacing using only agiagle LV lead are not very well known.
In observational studies in CRT patients, LV pacmth a single lead seemed to have similar
clinical efficacy and safety compared with biveniitar pacing’*

However, there is currently no data regarding thesequences of lateral or postero-lateral
LV-only pacing in patients with TV regurgitationdaced pre-existing RV dysfunction and/or
pulmonary hypertension. The risk of pacing-indudaderted mechanical dyssynchrony
would be theoretically possible, although not datly demonstrated. Thus, targeting the
great cardiac vein might be a good option in suwaiepts, since QRS duration is often shorter
and ventricular activation sequence is more homeges when pacing from this position

(Figure 3). In every case, the CS lead should Is@ipoed in a stable and harmless position.

Leadless pacemaker

There are currently no large data about the saaty efficacy of leadless pacemakers in
patients after TV surgery. In the Nanostim regisRgddy et al report that 6 (1.1%) out of the
526 patients included had a history of TV repaibimprosthetic replacement, but, to the best
of our knowledge, no specific data was reportecf3etile in the Micra registry, Reynolds et
al do not specify if any of the patients includeadhprior TV surgery’ To date, cases

reporting a Micra implantation after TV repdirand TV bioprosthesis surgéfy>® were

8
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reported (Figure 4). The procedures were straightcd, with no complications, and patients
did not have any valvular dysfunction after theemention.

To note, leadless pacing can only provide singkdber ventricular pacing, which can be a
limitation for those patients necessitating duarober pacing. However, a high proportion of
patients after TV surgery is in atrial fibrillaticemd will not require the implantation of an

atrial lead. Lastly, one major concern of this teghe would be the issue of damaging a
newly repaired/replaced TV with the delivery tool$ws, although attractive, this approach
will need further evidence regarding its safetyfiigcand the potential need to have a post-

operative blanking period, before being largelyduseclinical practice.

2. 1CD implantation in patients with TV surqgery

Four approaches can be discussed for ICD implamtatiter TV surgery.

The implantation of an epicardial ICD can be praubh<ut is of high operative risk in frail
patients. A transvenous ICD RV lead implantationyrba preferred for those patients after
TV repair or bioprosthetic valve replacement (Fegbr panel A).

Some cases initially reported the safety and effic# ICD lead implantation in the coronary
sinus (Figure 5, panels B and ©)* confirmed by a small study of 6 patients with ceni¢gl
heart diseases contra-indicated for transvenoudell implantation. Lopez et al ICD lead
was placed in the middle-cardiac vein, with a ddféagion threshold safety margin of at least
10J in all patientd’ During follow-up, 1 patient was successfully shestkand 2 had
successful antitachycardia pacing and the remaimivgg. The only concern of such approach
remains the extractability of an ICD lead, with @il @ositioned in a tributary vein of the
coronary sinus. Further studies will be neededtogthe safety of such approach.
Alternatively, an approach associating the implaotaof a ventricular sensing lead in the CS
and a defibrillation lead floating free in the inte vena cava has been described in a patient
with Ebstein’s disease and a bioprosthetic heanev@Figure 5, panel D), with a stable
defibrillation threshold after 1-year follow-dp.

To avoid the potential future issue of TV dysfuontiand lead extraction, an attractive option
could be the implantation of a subcutaneous ICDQ[S} if the patient is eligible and has no
indication for pacing (Figure 5, panels E and Fdeed, S-ICD eliminates the need for
vascular access, and therefore, the risk of leddéed TV dysfunctiod? Evidences
regarding the safety and efficacy of S-ICD areéasing’>*’ and this major breakthrough in
the defibrillation topic could be considered as efgct alternative for patients after TV

surgery, as described in a case recently publi¢hed.
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3. Theproblem of patientswith pre-existing transvenous RV leads
In case of a pre-existing RV transvenous lead pagent requiring TV replacement, two
different options may be discussed. First, surgenag choose to cut the lead, unscrew and
remove the distal part of the lead, and leave togimal part for a percutaneous extraction.
Pacing is ensured by implanting an epicardial pat®m This solution is suboptimal since
extractability of the remaining lead is hampered thg impossibility of using standard
dedicated techniques (wires, laser, mechanicalstoal). Alternatively, a conservative
technique can be used, by removing the native Td,@osition the prosthesis in the annulus,
leaving the RV lead undisturbed outside the *f\*> ®°The main concern of this technique
would be the occurrence of a device infection. éwjepercutaneous extraction would be
theoretically impossible, and such patients woutduire a surgical approach for lead
removal. The same approach can be used for patetitgre-existing ICD leads, although
the risk of lead fracture and subsequent inappatptherapy may be a serious issue.
In case of TV repair not requiring a replacemem, technique recently described by Raman
can be used, where ICD or PM leads are mobilizetl detached if needed from the TV
leaflets, then repositioned in the cleft betweea $ieptal and the inferior/posterior leaflets
with suture approximation of the leaflets above ¢hedt, and eventually an annuloplasty can
be performed if needed. >

PRACTICAL RECOMMENDATIONS - CONCL USION
The annual number of TV surgeries is continuoustyeasing, and some of these patients

will require immediately after the surgery or laten a PM or ICD device implantation.
Therefore, one has to be prepared to considehalbénefits and drawbacks of the potential
options in these situations, aiming to obtain & safd efficient pacing/defibrillation without
damaging the surgical effort. We propose the follgwrecommendations (Tables 1 and 2):

- In case of immediate AVB with a low chance of AV ndoction resumption
(multivalve surgery; ® redo-TV surger}? and the use of a ring annulus for TV
repait® 13, an epicardial pacemaker should be implanted.

- If the AVB occurs late, the preferred options irtigats with repaired/bioprosthetic
TV would be to implant either a regular transventeed or a CS lead. Although
assumed to be an attractive solution, leadless mplantation will require further

safety evidence before it can be largely used imtifpe of patients. In patients with

10
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mechanical prosthesis, the only options are thdamation of an epicardial PM or a
regular PM with a CS lead.

For patients requiring ICD implantation after TVgery, we recommend implanting a
S-ICD if the patient is eligible and does not reguracing. Otherwise, a regular RV
transvenous lead should be implanted in patiertts igpaired/bioprosthetic TV, while

an epicardial ICD should be proposed for those widthanical prosthesis.
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464 TABLES
465

466 Table 1. Practical recommendations for patients requiring pacemaker implantation

467  after tricuspid valve surgery.

Immediate Post-operative AVB

AVB with low RV
chance of AV | Epicardial Leadless | His-bundle
_ transvenous | CSleads _
conduction leads PM pacing
) leads
resumption
TV repair . + ++ + + (%) +
: __| Consider
TV bioprosthesis | _ + ++ ++ + (%) +
implanting an
TV  mechanical ) )
_ epicardial PM | ++ 0 ++ 0 0
prosthesis
468

469  * after a post-operative blanking period of 1-3 ri@nbefore considering implantation

470
471

472  Table 2: Practical recommendations for patients requiring an implantable cardioverter-

473  defibrillator after tricuspid valve surgery.

Post-operative need for an ICD
. . RV
Epicardial CS ICD
transvenous SICD
ICD lead
ICD lead
TV repair + +++ (%) 0/+ +++ (%)
TV bioprosthesis + +++ (%) 0/+ 4+ (%)
TV mechanical prosthesis | ++ (¥) 0 0/+ +++ (%)

474

475  *indication for pacing, ** no indication for paajn

476
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FIGURES

Figure 1: Incidence of a new permanent pacemaker implantation during long-term
follow-up after cardiac surgery. Adapted from Leyva et &lPublished with permission of
the Publisher.

Figure 2: X-ray showing an epicardial pacemaker after TV (arrow) and mitral valve
replacement (panel A) and a dual chamber pacemaker with transvenous leads after TV

annuloplasty (arrow, panel B) and TV replacement (arrow, panel C).

Figure 3: LV-pacing only through a CS lead placed in the great cardiac vein in a patient
with mechanical TV and mitral valve replacement. Adapted from Conti el &’ Published

with permission of the Publisher.

Figure 4: Implantation of Micra leadless pacemaker in two patients with bioprosthetic
TV. Adapted from Kerwin SA et & and from Boveda S et #.Published with permission
of the Publishers.

Figure 5: ICD implantation after TV surgery. Transvenous lead implantation after TV
repair and annuloplasty (arrow, panel A). Implaotatof a CS-ICD lead: selective
angiography of the coronary sinus in left anteablique projection, with mechanical TV and
mitral valve; an ICD lead was positioned in the #atéral branch of CS (panels B and C,
adapted from Srinivasan ef“alPublished with permission of the Publisher.). fipke of a
defibrillation lead positioned with the proximalikcim the inferior vena cava associated with a
pacing and sensing lead in the CS (panel D, fudl dotted arrow, respectively, adapted from
Grimard C et df Published with permission of the Publisher.). lenpation of a
subcutaneous ICD in a patient with a mechanicalganel E and F, adapted from Arias MA
et af®, Published with permission of the Publisher. Cagiyr © 2015 Sociedad Espafiola de
Cardiologia. Published by Elsevier Spain, S.L.rghts reserved).
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