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Abstract 24 

The demand for tricuspid valve (TV) surgery has increased continuously these last years. 25 

Recent registry data have confirmed that TV repair or replacement carry an increased risk of 26 

conduction disorders requiring permanent pacemaker implantation, specifically for patients 27 

having multivalve surgery. The implantation of an endocardial right ventricular lead in those 28 

patients may impair TV function, and some other approaches may be discussed to avoid 29 

traversing the valve. This contemporary review describes the different options currently 30 

available for patients requiring pacemaker or defibrillation leads implantation after TV 31 

surgery. 32 

 33 
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INTRODUCTION  36 

Following the evolution of clinical indications,1, 2 the demand for surgery of the tricuspid 37 

valve (TV) has increased continuously. In the United States, the annual number of TV 38 

surgical procedures almost tripled between 2000 and 2010, the majority combined with left-39 

sided valve surgery.3 Treatment options include TV repair and TV replacement with a 40 

bioprosthesis or a mechanical valve when repair is not feasible1. Recent registry data have 41 

confirmed that TV surgery carries an increased risk of conduction disorders leading to 42 

permanent pacemaker implantation.4, 5 The risk is doubled among patients undergoing 43 

multivalve surgery. The implantation of cardiac implantable electronic devices, mostly 44 

pacemakers after TV surgery involves technical difficulties which must be known to the 45 

implanters in order to select the best technical option in the individual patient. Several 46 

approaches have been reported: epicardial leads, standard endocardial leads, his-bundle 47 

pacing, leadless pacing, or coronary sinus leads. This paper reviews the current trends in 48 

tricuspid valve surgery, the need for permanent pacing after surgery including clinical 49 

indication and timing, and the technical options for device implantation, discussing the 50 

advantages and disadvantages of each technique. Practical recommendations are provided. 51 

 52 

TRICUSPID VALVE SURGERY: CURRENT TRENDS 53 

Based on expert opinion (Level of evidence: C), the 2017 ESC1 and 2014 AHA/ACC2 
54 

guidelines for the management of patients with valvular heart disease gave a class I 55 

recommendation for TV surgery for i) patients with severe primary or secondary tricuspid 56 

regurgitation (TR) undergoing left-side valve surgery; ii) symptomatic patients with severe 57 

isolated primary TR without severe right ventricular (RV) dysfunction; iii) symptomatic 58 

patients with severe tricuspid stenosis (TS) or patients with severe TS undergoing left-side 59 

valve surgery. In addition, surgery should be considered (Class IIa) for iv) patients with 60 

moderate TR undergoing left-side valve surgery patients; v) patients with mild to moderate 61 

secondary TR with tricuspid annular dilatation or prior evidence of right heart failure 62 

undergoing left-side valve surgery; vi) patients with asymptomatic or mildly symptomatic 63 

severe isolated primary TR and progressive RV dysfunction. As TV disease is rarely isolated, 64 

most surgical procedures are combined with left-side valve surgeries. 65 

Treatment options for TV surgery include valve repair with or without annuloplasty ring and 66 

in case of unrepairable valvular lesions or late failed repair, TV replacement with a 67 

bioprosthesis or a mechanical valve. The two types of valves have similar long-term clinical 68 

outcome.6-9 In clinical practice, like for left-heart valves, bioprostheses are generally preferred 69 
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in patients over 65 years and mechanical valves in younger patients with need to continuous 70 

anticoagulation. Temporal trends of TV surgery were recently analysed in the STS (Society of 71 

Thoracic Surgeons) database.3 Over the last decade, 54735 patients underwent TV surgery in 72 

the US. The annual number of TV surgeries almost tripled between 2000 and 2010, the 73 

majority combined with other major surgical procedures (85.7%), mainly mitral valve 74 

surgery. The proportion of valve repairs increased from 84.6% in 2000 to 88.9% in 2010 with 75 

a parallel decline in TV replacements. The most common type of valve repair was 76 

annuloplasty alone (75.5%) and most TV replacements were performed using bioprostheses 77 

(81.5%). Despite increasing age and comorbidity, there was a gradual decrease in operative 78 

mortality from 10.6% to 8.2% during the study period, although concomitant procedures 79 

involving multiple valves or CABG were associated with an increased risk of mortality 80 

compared with isolated TVS. 81 

 82 

NEED FOR PERMANENT PACING AFTER TRICUSPID VALVE SURGERY    83 

Trends and indication of permanent pacemaker implantation 84 

Tricuspid valve surgery carries a significant risk of conduction disorders requiring permanent 85 

pacemaker implantation (PPI). The implantation rate tended to decrease over time from 13-86 

22% before 20004 to 5-11% in the recent years,10 but rates as high as 27% have been recently 87 

described after TV replacement.11 Multivalve surgery,4, 5 redo-TV surgery12 and the use of a 88 

ring annulus for TV repair10, 13 are independent surgical predictors of PPI need. In the study 89 

by Koplan,4 TV surgery doubled the risk of PPI in patients with multivalve surgery. Similar 90 

observations were recently reported in a large UK multicentre registry of more than 135,000 91 

patients with valve replacement. Using single aortic valve replacement as reference, hazard 92 

ratio for PPI was 2.22 (95%CI 1.40-3.53, p<0.001) for multivalve surgery including TV 93 

replacement, compared to 1.52 (95%CI 1.40-1.65), p<0.001) without TV replacement.5 94 

(Figure 1). In the whole registry population, age, male gender, renal impairment and heart 95 

failure were identified as independent clinical predictors of PPI requirement. However, these 96 

clinical risk factors have not been found in specific populations of TVS patients. In the same 97 

groups, no preoperative ECG characteristics were identified to predict postoperative PPI 98 

need.10, 13 99 

The leading ECG indication for PPI after TV surgery is atrial fibrillation with slow ventricular 100 

response (57%10), followed by complete heart block (28%) and sinus node dysfunction. 101 

Indeed, most of the patients undergoing TV surgery are in permanent atrial fibrillation 102 
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(76%10), explaining why a majority of TV surgery patients needing PPI are implanted with a 103 

single-chamber VVI/VVIR device (75%10) 104 

 105 

Timing of PPI: immediate versus late implantations 106 

To date, only one single study brought insights about the timing of PPI after TV surgery.10 107 

Fifty four percent of the pacemakers were implanted before hospital discharge after a 108 

minimum follow-up time of 5 days; most of these patients needed temporary pacing 109 

immediately after the surgery. The other 46% patients had delayed implantation up to 8 years 110 

post-operatively (Figure 1). A similar increased risk of late conduction disturbances after TV 111 

surgery compared to other valve interventions was also shown in the UK registry.5 112 

Some teams, mainly in the US, made the choice of immediate PPI using epicardial leads in 113 

case of perioperative heart block. In the STS database, 4.2% of the patients with TV repair 114 

and 5.6% with TV replacement received permanent epicardial pacemaker at the operative 115 

time.3 This strategy is debatable since it is well known that a significant proportion of patients 116 

with PPI after cardiac surgery are no longer PM-dependent at long-term follow-up. The 117 

proportion is higher for patients implanted for sinus node dysfunction (60-70%) than those 118 

implanted for AV block (0-35%).14 Such observation was also demonstrated in the specific 119 

group of TVS patients where up to 65% were no longer PM-dependent during long-term 120 

follow-up.10, 11 This observation is an additional argument for delaying PPI if possible. Thus, 121 

it seems reasonable to apply to TV surgery patients the general guidelines recommendation on 122 

PPI indications after cardiac surgery, i.e. a period of clinical observation up to 7 days to assess 123 

whether the rhythm disturbance is transient and spontaneously resolves. Temporary epicardial 124 

leads should be maintained during this observation period. However, in case of complete AV 125 

block with low rate escape rhythm, this observation period can be shortened since resolution 126 

is unlikely (Class I, level of evidence C).14 127 

 128 

Long-term outcomes 129 

There are very few data in the literature on long-term clinical outcomes after PPI in TV 130 

surgery patients. In the series of Jokinen et al on 136 patients with a mean follow-up time of 131 

7.9+4.1 years, survival was better in patients with pacemaker implantation than in patients 132 

without pacemaker (P=0.05).10 However, PPI was significantly associated with a higher 133 

incidence of cerebrovascular events (stroke or transient ischemic attack) and of worse 134 

functional status (NYHA Class III-IV).  135 

 136 
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APPROACHES FOR DEVICE IMPLANTATION AFTER TRICUSPID VALVE 137 

SURGERY 138 

 139 

1. Pacemaker implantation in patients with TV surgery 140 

Five different options can be discussed i) implant epicardial leads; ii) implant a standard 141 

transvenous RV lead; iii) implant a parahissian lead for His-bundle pacing (HBP); iv) implant 142 

a coronary sinus lead for left ventricular (LV) pacing only; and v) implant a leadless 143 

pacemaker. 144 

 145 

Epicardial pacing 146 

Data regarding epicardial pacing after TV surgery in adults are scarce. Indeed, most of the 147 

available data are about epicardial device implantation in patients after congenital heart 148 

disease repair. Although epicardial devices are efficient to ensure pacing, the reliability of 149 

endocardial leads has been shown to be superior compared to epicardial systems.15, 16 This is 150 

particularly true if patients already had open-heart surgeries, since operators may have a hard 151 

time to find a portion of ventricle with acceptable pacing thresholds. Although this option has 152 

been widely used in the STS registry,3 perioperative implantation of permanent epicardial 153 

pacing leads should be reserved for very specific cases of immediate AV block with very low 154 

probability of secondary resumption (see paragraph Timing of PPI). An example of epicardial 155 

pacemaker implanted after tricuspid valve replacement is shown in Figure 2A. 156 

 157 

RV transvenous leads 158 

Cardiac implantable electronic device leads can interfere with the function of native tricuspid 159 

valves, leading to a significant morbidity and mortality through hemodynamic impairment. In 160 

a series published by the Mayo Clinic group, 41 device recipients required TV surgery for 161 

severe TV regurgitation caused by previously placed RV transvenous pacemaker or ICD 162 

lead.17 All patients were found to have morphologically normal TV with malfunction caused 163 

by the lead, mostly lead adherence or impingement.  The TV was repaired or replaced, and the 164 

lead removed or positioned and sutured in the posteroseptal or anteroposterior commissure. 165 

Recent data suggest that PM leads are associated with a higher risk of TV regurgitation grade 166 

3-4 after adjustment for LV systolic dysfunction and pulmonary hypertension, and that PM-167 

related regurgitation was associated with a 40% increased mortality.18 Thus, a thorough 168 

consideration has to be made in the decision of implanting transvenous RV leads. 169 
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The mechanisms leading to lead-induced TV dysfunction are various, either mechanical (TV 170 

obstruction, perforation or laceration; lead adherence due to fibrosis causing incomplete TV 171 

closure; lead entrapment in the TV apparatus) or functional (pacing-induced dyssynchrony 172 

leading to myocardial dysfunction and TV annular dilatation),19 and requiring a specific 173 

management based on lead removal/relocation/replacement associated with TV 174 

repair/replacement if needed, depending on clinical and echocardiographic data.20 175 

Data regarding the interaction of RV transvenous leads with TV apparatus after valvular 176 

repair or replacement are scarce and controversial. Mazine et al reported their experience on 177 

791 patients with TV repair between 1997 and 2008, 176 of them having or requiring a 178 

subsequent pacemaker implantation.21 The presence of a transvenous pacemaker was found to 179 

be an independent risk factor for recurrence of TR during follow-up. The presence of a 180 

transvenous lead was also found to be a significant independent predictor of late mortality. 181 

Conversely, Eleid et al did not find any clear evidence of increased risk of post-operative 182 

severe TR in a cohort of 58 patients who underwent a bioprosthetic TV implantation prior to 183 

PM/ICD transvenous lead implantation.22 Although more data would be required to clarify the 184 

safety of such method, transvalvular lead implantation may appear an acceptable approach for 185 

patients after TV repair or with a bioprosthetic TV or/and requiring a permanent pacemaker or 186 

defibrillator placement. Examples of transvenous lead implantation after bioprostheic valve 187 

replacement or repair are shown in Figure 2 (Panel B and panels C and D, respectively). 188 

However, we firmly do not recommend, even done and published,23 positioning a RV 189 

transvenous lead through a mechanical valve due to a high risk of complications, including, 190 

obviously, the risk of lead fracture and valve obstruction. 191 

 192 

His-bundle pacing 193 

Compared to ventricular pacing, HBP is a more physiologic form of pacing supposed to 194 

preserve normal electrical activation of the ventricles and prevent ventricular dyssynchrony.24 195 

This could be an interesting alternative for treating post-TVS AV blocks, especially as the 196 

conduction disorder is nodal in the majority of cases. HBP has been described to be feasible in 197 

a majority of patients after prosthetic valve surgery,24 but in the series published so far, only 198 

10 patients with TV rings were included and none with TV replacement. From a technical 199 

point of view, the TV ring may act as a radiographic marker of the his-bundle and facilitate 200 

the identification of the successful site. Interestingly, successful sites of HBP appeared to be 201 

at an average distance of 19 mm from the TV ring.24 Further studies will be required to 202 

analyze the safety and efficacy of HBP specifically in patients after TV surgery. 203 
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 204 

Coronary sinus leads 205 

Before the advent of transvenous CRT in late 90s’, few manuscripts reported cases of 206 

permanent ventricular pacing through coronary veins, either due to inadvertent placement of 207 

the “RV” lead into the middle cardiac vein with a revised diagnosis obtained from paced 208 

RBBB pattern and from the chest-X ray in sagittal view,25-27 or with a deliberate CS 209 

positioning due to inaccessible RV in patients with congenital heart diseases28-30 or after TV 210 

replacement.26, 31, 32 211 

Since CRT emerged as a cornerstone therapy for heart failure patients, rare supplementary 212 

data have been published in the literature regarding CS pacing after TV surgery. Only one 213 

small series of 17 patients (11 TV repairs and 6 TV replacements, including 2 mechanical 214 

ones) was recently published. The time interval for PM implantation after TV surgery was 215 

around one week. Pacing threshold at implantation was 1.9±0.3V and remained stable after a 216 

2-year follow-up.33 Due to the right atrial dilatation and resulting malposition of the CS 217 

ostium, CS catheterization and lead placement may be more challenging in this specific 218 

situation compared to typical CRT patients. 219 

The long-term effects of VVI pacing using only one single LV lead are not very well known. 220 

In observational studies in CRT patients, LV pacing with a single lead seemed to have similar 221 

clinical efficacy and safety compared with biventricular pacing.34 222 

However, there is currently no data regarding the consequences of lateral or postero-lateral 223 

LV-only pacing in patients with TV regurgitation-induced pre-existing RV dysfunction and/or 224 

pulmonary hypertension. The risk of pacing-induced inverted mechanical dyssynchrony 225 

would be theoretically possible, although not clinically demonstrated. Thus, targeting the 226 

great cardiac vein might be a good option in such patients, since QRS duration is often shorter 227 

and ventricular activation sequence is more homogeneous when pacing from this position 228 

(Figure 3). In every case, the CS lead should be positioned in a stable and harmless position. 229 

 230 

Leadless pacemaker 231 

There are currently no large data about the safety and efficacy of leadless pacemakers in 232 

patients after TV surgery. In the Nanostim registry, Reddy et al report that 6 (1.1%) out of the 233 

526 patients included had a history of TV repair or bioprosthetic replacement, but, to the best 234 

of our knowledge, no specific data was reported yet,35 while in the Micra registry, Reynolds et 235 

al do not specify if any of the patients included had prior TV surgery.36 To date, cases 236 

reporting a Micra implantation after TV repair37 and TV bioprosthesis surgery38, 39 were 237 
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reported (Figure 4). The procedures were straightforward, with no complications, and patients 238 

did not have any valvular dysfunction after the intervention.  239 

To note, leadless pacing can only provide single-chamber ventricular pacing, which can be a 240 

limitation for those patients necessitating dual-chamber pacing. However, a high proportion of 241 

patients after TV surgery is in atrial fibrillation and will not require the implantation of an 242 

atrial lead. Lastly, one major concern of this technique would be the issue of damaging a 243 

newly repaired/replaced TV with the delivery tools. Thus, although attractive, this approach 244 

will need further evidence regarding its safety profile and the potential need to have a post-245 

operative blanking period, before being largely used in clinical practice.  246 

 247 

2. ICD implantation in patients with TV surgery 248 

Four approaches can be discussed for ICD implantation after TV surgery. 249 

The implantation of an epicardial ICD can be proposed, but is of high operative risk in frail 250 

patients. A transvenous ICD RV lead implantation may be preferred for those patients after 251 

TV repair or bioprosthetic valve replacement (Figure 5, panel A).  252 

Some cases initially reported the safety and efficacy of ICD lead implantation in the coronary 253 

sinus (Figure 5, panels B and C),40, 41 confirmed by a small study of 6 patients with congenital 254 

heart diseases contra-indicated for transvenous RV lead implantation. Lopez et al ICD lead 255 

was placed in the middle-cardiac vein, with a defibrillation threshold safety margin of at least 256 

10J in all patients.42 During follow-up, 1 patient was successfully shocked and 2 had 257 

successful antitachycardia pacing and the remaining ones. The only concern of such approach 258 

remains the extractability of an ICD lead, with a coil positioned in a tributary vein of the 259 

coronary sinus. Further studies will be needed to prove the safety of such approach. 260 

Alternatively, an approach associating the implantation of a ventricular sensing lead in the CS 261 

and a defibrillation lead floating free in the inferior vena cava has been described in a patient 262 

with Ebstein’s disease and a bioprosthetic heart valve (Figure 5, panel D), with a stable 263 

defibrillation threshold after 1-year follow-up.43  264 

To avoid the potential future issue of TV dysfunction and lead extraction, an attractive option 265 

could be the implantation of a subcutaneous ICD (S-ICD) if the patient is eligible and has no 266 

indication for pacing (Figure 5, panels E and F). Indeed, S-ICD eliminates the need for 267 

vascular access, and therefore, the risk of lead-induced TV dysfunction.44 Evidences 268 

regarding the safety and efficacy of S-ICD are increasing,45-47 and this major breakthrough in 269 

the defibrillation topic could be considered as a perfect alternative for patients after TV 270 

surgery, as described in a case recently published.48 271 
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 272 

3. The problem of patients with pre-existing transvenous RV leads 273 

In case of a pre-existing RV transvenous lead in a patient requiring TV replacement, two 274 

different options may be discussed. First, surgeons may choose to cut the lead, unscrew and 275 

remove the distal part of the lead, and leave the proximal part for a percutaneous extraction. 276 

Pacing is ensured by implanting an epicardial pacemaker. This solution is suboptimal since 277 

extractability of the remaining lead is hampered by the impossibility of using standard 278 

dedicated techniques (wires, laser, mechanical tools, …). Alternatively, a conservative 279 

technique can be used, by removing the native TV, and position the prosthesis in the annulus, 280 

leaving the RV lead undisturbed outside the TV.17, 49, 50 The main concern of this technique 281 

would be the occurrence of a device infection. Indeed, percutaneous extraction would be 282 

theoretically impossible, and such patients would require a surgical approach for lead 283 

removal. The same approach can be used for patients with pre-existing ICD leads, although 284 

the risk of lead fracture and subsequent inappropriate therapy may be a serious issue. 285 

In case of TV repair not requiring a replacement, the technique recently described by Raman 286 

can be used, where ICD or PM leads are mobilized and detached if needed from the TV 287 

leaflets, then repositioned in the cleft between the septal and the inferior/posterior leaflets 288 

with suture approximation of the leaflets above the cleft, and eventually an annuloplasty can 289 

be performed if needed.20, 51 290 

 291 

PRACTICAL RECOMMENDATIONS - CONCLUSION 292 

The annual number of TV surgeries is continuously increasing, and some of these patients 293 

will require immediately after the surgery or later on a PM or ICD device implantation. 294 

Therefore, one has to be prepared to consider all the benefits and drawbacks of the potential 295 

options in these situations, aiming to obtain a safe and efficient pacing/defibrillation without 296 

damaging the surgical effort. We propose the following recommendations (Tables 1 and 2): 297 

- In case of immediate AVB with a low chance of AV conduction resumption 298 

(multivalve surgery,4, 5 redo-TV surgery12 and the use of a ring annulus for TV 299 

repair10, 13), an epicardial pacemaker should be implanted.  300 

- If the AVB occurs late, the preferred options in patients with repaired/bioprosthetic 301 

TV would be to implant either a regular transvenous lead or a CS lead. Although 302 

assumed to be an attractive solution, leadless PM implantation will require further 303 

safety evidence before it can be largely used in this type of patients. In patients with 304 
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mechanical prosthesis, the only options are the implantation of an epicardial PM or a 305 

regular PM with a CS lead. 306 

- For patients requiring ICD implantation after TV surgery, we recommend implanting a 307 

S-ICD if the patient is eligible and does not require pacing. Otherwise, a regular RV 308 

transvenous lead should be implanted in patients with repaired/bioprosthetic TV, while 309 

an epicardial ICD should be proposed for those with mechanical prosthesis. 310 

 311 
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TABLES 464 

 465 

Table 1: Practical recommendations for patients requiring pacemaker implantation 466 

after tricuspid valve surgery. 467 

 

Immediate 

AVB with low 

chance of AV 

conduction 

resumption 

Post-operative AVB 

Epicardial 

leads 

RV 

transvenous 

leads 

CS leads 
Leadless 

PM 

 

His-bundle 

pacing 

TV repair 
Consider 

implanting an 

epicardial PM 

+ ++ + + (*) + 

TV bioprosthesis + ++ ++ + (*) + 

TV mechanical 

prosthesis 
++ 0 ++ 0 0 

 468 

* after a post-operative blanking period of 1-3 months before considering implantation 469 

 470 

 471 

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

defibrillator after tricuspid valve surgery. 473 

 

Post-operative need for an ICD 

Epicardial 

ICD 

RV 

transvenous 

ICD lead 

CS ICD 

lead 
S-ICD 

TV repair + +++ (*) 0/+ +++ (**) 

TV bioprosthesis + +++ (*) 0/+ +++ (**) 

TV mechanical prosthesis ++ (*) 0 0/+ +++ (**) 

 474 

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

  476 
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FIGURES 477 

 478 

Figure 1: Incidence of a new permanent pacemaker implantation during long-term 479 

follow-up after cardiac surgery. Adapted from Leyva et al.5 Published with permission of 480 

the Publisher. 481 

 482 

Figure 2: X-ray showing an epicardial pacemaker after TV (arrow) and mitral valve 483 

replacement (panel A) and a dual chamber pacemaker with transvenous leads after TV 484 

annuloplasty (arrow, panel B) and TV replacement (arrow, panel C). 485 

 486 

Figure 3: LV-pacing only through a CS lead placed in the great cardiac vein in a patient 487 

with mechanical TV and mitral valve replacement. Adapted from Conti el al.32 Published 488 

with permission of the Publisher. 489 

 490 

Figure 4: Implantation of Micra leadless pacemaker in two patients with bioprosthetic 491 

TV. Adapted from  Kerwin SA et al38 and from Boveda S et al.39 Published with permission 492 

of the Publishers. 493 

 494 

Figure 5: ICD implantation after TV surgery. Transvenous lead implantation after TV 495 

repair and annuloplasty (arrow, panel A). Implantation of a CS-ICD lead: selective 496 

angiography of the coronary sinus in left anterior oblique projection, with mechanical TV and 497 

mitral valve; an ICD lead was positioned in the mid-lateral branch of CS (panels B and C, 498 

adapted from Srinivasan et al41, Published with permission of the Publisher.). Example of a 499 

defibrillation lead positioned with the proximal coil in the inferior vena cava associated with a 500 

pacing and sensing lead in the CS (panel D, full and dotted arrow, respectively, adapted from 501 

Grimard C et al43, Published with permission of the Publisher.). Implantation of a 502 

subcutaneous ICD in a patient with a mechanical TV (panel E and F, adapted from Arias MA 503 

et al48, Published with permission of the Publisher. Copyright © 2015 Sociedad Española de 504 

Cardiologia. Published by Elsevier Spain, S.L. All rights reserved). 505 

 506 
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