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Abstract

BACKGROUND—Population-level data are limited regarding contemporary practice and 

outcomes of isolated tricuspid operations. We evaluated this using The Society of Thoracic 

Surgeons Adult Cardiac Surgery Database.

METHODS—We identified 14,704 isolated tricuspid operations from The Society of Thoracic 

Surgeons Adult Cardiac Surgery Database from July 1, 2011 to June 30, 2020. After excluding 

patients with endocarditis, tricuspid stenosis, emergent/emergent salvage status, previous heart 

transplants, and missing tricuspid operation type, 6507 patients remained. End-points were 

operative mortality and composite major comorbidities (permanent stroke, renal failure, prolonged 

ventilation > 24 hours, deep sternal wound infection, cardiac reoperations, and new permanent 

pacemaker implantation).

RESULTS—Isolated tricuspid operations increased from 2012 (983 cases) to 2019 (2155 cases, 

P < .001). Median annual center volume was 2 cases (range, 1-81). In the final cohort (n = 

6507; median age, 65 years; 38.5% men), 40% had New York Heart Association class III/IV 

heart failure and 24% had nonelective operations. The operative mortality was 7.3% (1.7% in 

patients without these risk factors), and new permanent pacemaker implant rate was 10.8%. In 

the multivariable analysis, factors associated with operative mortality included New York Heart 

Association class III/IV heart failure (odds ratio [OR], 1.57), nonelective operations (OR, 1.91), 

tricuspid replacement (OR, 1.56), annual center volume ≤ 5 cases (OR, 1.37), and higher model 
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for end-stage liver disease scores (all P < .05). Beating heart operation was associated with a lower 

adjusted risk of pacemaker implant (OR, 0.69), renal failure (OR, 0.75), and blood transfusions 

(OR, 0.8) compared with full cardioplegic arrest (all P < .05).

CONCLUSIONS—Isolated tricuspid repair was associated with lower adjusted mortality and 

morbidities than replacement. Beating heart operation was associated with lower adjusted major 

morbidities. The preoperative model for end-stage liver disease scores may identify high-risk 

patients, and early referral to higher volume centers may help improve outcomes.

Tricuspid valve operation is historically associated with higher morbidity and mortality than 

mitral and aortic valve operations. Despite the increased procedural volume, outcomes have 

not significantly changed over the last decade.1,2 Most tricuspid operations are performed 

with concomitant left-sided valve operations, and isolated tricuspid operations make up 

only 14% to 20%.2,3 Patients with isolated tricuspid disease represent a heterogeneous 

population, and perioperative mortality for those undergoing operations has ranged from 3% 

to 11%.4-6

Existing guidelines for isolated tricuspid operations are generally conservative,7,8 based 

on expert opinion and limited data, and reflect the historically poor outcomes in 

the context of late referral, advanced heart failure symptoms, and right ventricular 

dysfunction. Single-center series of isolated tricuspid operations are limited by small 

sample sizes, often combining decades of operative practices, and therefore do not reflect 

contemporary practice.9-11 In addition insufficient clinical granularity limits analyses of 

large administrative claims databases.4,5,12 Therefore, we examined The Society of Thoracic 

Surgeons Adult Cardiac Surgery Database (STS-ACSD) to evaluate contemporary patient 

characteristics, operative approaches, and clinical outcomes of isolated tricuspid operations, 

with a focus on patients with nonendocarditis-related tricuspid regurgitation (TR).

PATIENTS AND METHODS

DATA SOURCE.

Adult patients undergoing tricuspid operations from July 1, 2011 to June 30, 2020 

without concomitant coronary artery bypass grafting, other heart valve operations, aortic 

operations, or durable ventricular-assist device implantation were identified from the 

STS-ACSD, a repository for more than 7 million records encompassing data from 1030 

participant groups.13 Exclusion criteria included additional concomitant operations (Figure 

1). This created an initial cohort of 14,704 isolated tricuspid operations to analyze overall 

volume trends. Next, patients with endocarditis (identified as having active endocarditis, 

endocarditis as the etiology for tricuspid disease, or tricuspid valvectomy), tricuspid 

stenosis, emergent/emergent salvage status, history of previous heart transplants, and 

missing tricuspid operation type were excluded (Figure 1), creating a final cohort of 

6507 cases. Although endocarditis is a major indication for isolated tricuspid operation, 

we excluded patients with endocarditis from the final cohort because a prior STS-ACSD 

analysis evaluated this population.14 For completeness, baseline patient characteristics and 

unadjusted outcomes are included in Supplemental Tables 1 and 2.
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Comparisons were made between patients who underwent repair (n = 3308) vs replacement 

(n = 3199) and those who underwent beating heart (n = 2435) vs full cardioplegic arrest (n 

= 3901) operations. Data access for this study was approved using the STS Participant User 

File research program (PUF-ACSD-2021-011). The Institutional Review Board at Cedars-

Sinai Medical Center approved the study protocol, with a waiver of informed consent 

(STUDY00001188, approved on February 19, 2021). All patient characteristics and study 

endpoints were defined according to STS-ACSD definitions.

STUDY ENDPOINTS.

The primary endpoint was operative mortality (death during the same hospitalization as 

operation or after discharge but within 30 days of operation). Secondary endpoints were 

composite major complications (defined as permanent stroke, renal failure, prolonged 

ventilation > 24 hours, deep sternal wound infection, cardiac reoperations, or postoperative 

new permanent pacemaker implantation) and their individual components.

STATISTICAL ANALYSIS.

Baseline characteristics are reported as either mean with SD deviation or median with 

interquartile range (IQR) for continuous variables and proportions for categorical variables. 

Between-group comparisons were performed using the Student’s t test or Wilcoxon rank-

sum test for continuous variables and Pearson’s χ2 test for categorical variables. The annual 

hospital volume of isolated tricuspid operation was calculated as the number of operations 

performed by a hospital in a calendar year. Because only 6 months of data were available in 

2011 and 2020, volume data from these 2 years were normalized to 12 months. For missing 

data, single imputation was used for variables with <5% missingness, similar to methods 

described and validated in previous STS risk prediction models (Supplemental Methods).15 

Included variables with missing data and the percentage of missingness are reported in 

Supplemental Table 3.

To determine factors associated with operative mortality, we fitted a multivariable 

generalized estimating equation model with a logit link function and binomial distribution 

adjusting for clustering at the center level. Variables included in the final model were 

selected a priori based on data availability and clinical significance (Supplemental Methods). 

For the secondary endpoint of composite major complications, another model was created 

including the same covariates as the operative mortality model. Additional models were 

similarly constructed to provide adjusted comparisons of tricuspid operation type (repair 

vs replacement) and operative strategy (beating heart vs full cardioplegic arrest) regarding 

postoperative complications. Additionally because the model for end-stage liver disease 

(MELD) score is an important risk-stratification tool, we created 2 additional models using 

4960 of 6507 patients with available MELD scores to explore the association between 

MELD and operative mortality and composite major complications, respectively.

All tests were 2-tailed with an alpha level of 0.05. All statistical analyses were performed 

using SAS, version 9.4 (SAS Institute, Cary, NC).
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RESULTS

STUDY POPULATION.

During the study period 14,704 isolated tricuspid operations were performed by 967 

hospitals. Annual procedural volume increased from 983 in 2012 to 2155 in 2019 (P < .001) 

(Figure 2A). A median of 2 cases (range, 1-81) was performed annually per hospital, and 

93% of hospitals performed 5 cases or less per year on average. The proportion of patients 

with endocarditis increased from 38.3% in 2012 to 55.1% in 2019 (P < .001) (Figure 2B).

In the final cohort of 6507 patients with nonendocarditis-related TR (median age, 65 

years [IQR, 52-74]; 38.5% men), 40% had New York Heart Association class III or IV 

heart failure. The median MELD score (available in 4960/6507 patients) was 10.1 (IQR, 

7.5-13.7). Other baseline characteristics are outlined in Table 1. Among 3658 patients 

(56.2%) with available tricuspid disease etiology, 52.1% had functional disease, 12.8% 

had degenerative disease, 9.8% had pacing wire/catheter-induced dysfunction, 7.1% had 

congenital disease, and 5.4% had failed previous tricuspid interventions (Supplemental Table 

4). Twenty-four percent of cases were nonelective. Minimally invasive approaches were 

used in 11.3% (Table 2). Full cardioplegic arrest was used in 60.0%, fibrillatory arrest in 

2.6%, and on-pump beating heart operation in 37.4%. Tricuspid repair was performed in 

3308 patients (50.8%) and replacement in 3199 patients (49.2%). In patients with tricuspid 

repair, 85.4% received a ring/band annuloplasty ± leaflet reconstruction (median implant 

size, 30 mm [IQR, 28-32]), 4.8% received leaflet reconstruction alone, and 0.5% received a 

pericardium annuloplasty ± leaflet reconstruction.

SHORT-TERM OUTCOMES.

The operative mortality was 7.3%, rate of composite major complications was 32.0%, and 

10.8% required new permanent pacemaker implantation (Table 3). Operative mortality was 

1.7% in 869 elective patients without heart failure, organ dysfunction, or prior surgery. 

Operative mortality was higher with increasing MELD score (MELD < 10, 3.2%; MELD ≥ 

20, 15.9%; P < .001). Additionally, increasing annual hospital volume was associated with 

a significant decrease in operative mortality (1-5 cases, 7.9%; 6-10 cases, 6.6%; >10 cases, 

5.8%; P = .01) (Supplemental Figure 1).

In the multivariable analysis, factors significantly associated with operative mortality were 

age > 50 years, moderate or severe chronic lung disease, New York Heart Association class 

III or IV congestive heart failure, atrial fibrillation, nonelective operation, concomitant aortic 

stenosis, tricuspid valve replacement, and annual volume ≤ 5 cases (Supplemental Table 5). 

Factors associated with composite major complications are presented in Supplemental Table 

6. When only patients with available MELD scores were analyzed (n = 4960), increasing 

MELD score was independently associated with both increased operative mortality (10-14, 

adjusted odds ratio [aOR] 1.69; 15-19, aOR 2.21; ≥20, aOR 3.13, reference group, <10; all P 
< .01) and increased composite major complications (Supplemental Table 7).
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TRICUSPID REPAIR VS REPLACEMENT.

Patients undergoing tricuspid replacement (n = 3199; median valve size, 31 mm [IQR, 

29-33]) had more comorbidities (Table 1) and nonelective operations (26.6% vs 21.3%, P < 

.001) (Table 2) than those undergoing repair (n = 3308). In 2332 patients who underwent 

replacement with available prosthesis type, 2155 (92.4%) received a bioprosthetic valve, and 

this proportion remained steady from 2015 (94.8%) to 2019 (93.9%, P = .37). Patients who 

underwent replacement had less functional disease and more carcinoid disease, rheumatic 

disease, pacing wire/catheter-induced dysfunction, or failed prior tricuspid interventions 

(Supplemental Table 4). Replacement was associated with a higher unadjusted operative 

mortality (9.4% vs 5.2%) and composite major complications (41.3% vs 23.1%, both P < 

.001) (Table 3). After adjustment, replacement remained associated with increased operative 

mortality (aOR, 1.56; 95% CI, 1.25-1.94) and composite major comorbidities (aOR, 2.22; 95 

% CI, 1.92-2.57; both P < .001), including a higher risk of prolonged mechanical ventilation, 

permanent pacemaker implant, renal failure, and postoperative blood product transfusions 

(Figure 3A).

FULL CARDIOPLEGIA ARREST VS BEATING HEART OPERATION.

Patients undergoing beating heart operation (n = 2435) were older and had more 

comorbidities than those who had full cardioplegia arrest (n = 3901) (Table 1). Beating 

heart operations were more often nonelective (28.3% vs 20.9%) and performed using 

minimally invasive access (18.8% vs 6.2%, both P < .001) (Table 2). Unadjusted operative 

mortality and composite major complication rate were both higher after beating heart 

operations (9.2% vs 6.0% and 34.7% vs 30.2%, respectively, both P < .001) (Table 3). 

After adjustment, beating heart operation was not significantly associated with operative 

mortality (aOR, 0.91; 95% CI, 0.71-1.16; P = .44) but was associated with a decreased 

risk of composite major complications (aOR, 0.85; 95% CI, 0.74-0.98; P = .03), including 

reduced risk of permanent pacemaker implant, renal failure, and postoperative blood product 

transfusions (Figure 3B).

COMMENT

This analysis of the STS-ACSD represents the largest contemporary series of patients 

undergoing isolated tricuspid operation. Detailed clinical and operative data in the STS-

ACSD provided additional granularity compared with previous analyses of administrative 

claims databases. There are several important findings. First, although procedural volume 

has increased, isolated tricuspid operation remains infrequently performed, and operative 

mortality for patients with nonendocarditis-related TR remains relatively high at 7.3%. 

Second, in patients with TR, surrogates of advanced disease were associated with increased 

operative mortality. Third, after adjustment, valve replacement was associated with increased 

morbidity and mortality, whereas beating heart operation was associated with decreased 

morbidity. Finally, annual hospital volume was significantly associated with early outcomes 

after isolated tricuspid operation.

Current guidelines regarding isolated tricuspid operation for TR are discordant, with no 

class I indications in the American College of Cardiology/American Heart Association 
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guidelines and only 1 class I indication for severe symptomatic TR in the European 

Society of Cardiology guidelines.7,8 In this context patients are frequently considered for 

operation later in the disease course. We observed that markers of advanced diseases, 

such as New York Heart Association classIII/IV heart failure, nonelective operations, and 

increased MELD score were all independently associated with increased operative mortality. 

In patients without these risk factors, operative mortality was 1.7%. In patients with all 3 of 

these risk factors (including MELD score > 10), operative mortality was nearly 20%. These 

findings are consistent with prior analyses and may help identify high-risk patients who may 

be better suited for transcatheter tricuspid interventions. They also suggest a potential role 

for earlier surgical intervention.16,17 However, because the exact indication and timing of 

operation in the disease course were unavailable in the STS-ACSD, the current study does 

not provide sufficient evidence to definitively recommend this practice.

Our analysis demonstrated that tricuspid replacement was associated with increased short-

term mortality and morbidity compared with repair, similar to prior results from large 

clinical series and meta-analyses.18-21 We also observed that valve replacement was 

more frequently performed in sicker patients, possibly due to the concern of reoperation 

associated with an inadequate repair. Additionally the association between worse outcomes 

and replacement may reflect the fact that surgeons recognize that repair is less likely to be 

successful when markers of more advanced disease are present, such as extreme annular 

dilatation, visible leaflet malcoaptation, massive or torrential TR, leaflet tethering, and failed 

percutaneous repair. Together our findings may indicate that tricuspid repair is reasonable in 

less-sick patients. However a low threshold for valve replacement may still be appropriate 

in patients with high surgical risk or markers of more advanced disease. These findings may 

also have important implications for transcatheter tricuspid interventions.

Almost 40% of patients in our series underwent beating heart tricuspid operation, 

highlighting the lack of consensus regarding whether beating heart or arrested heart tricuspid 

operation is superior. In real-world practice this may be dictated by surgeon preference. 

Small, single-institution reports comparing these 2 techniques have demonstrated similar 

results,22,23 whereas a recent multicenter study showed that beating heart operation was 

associated with a decreased rate of postoperative renal failure in propensity-matched 

patients.24 We observed that beating heart operation was more frequently performed in 

higher-risk patients. After adjustment, beating heart operation was independently associated 

with lower risks of permanent pacemaker implantation, postoperative renal failure, and 

reduced postoperative blood product transfusions. Therefore beating heart operation may 

represent an attractive alternative to arrested heart operation for surgeons who are 

comfortable with this technique.

LIMITATIONS.

The main strength of this study was the ability to evaluate contemporary outcomes of 

isolated tricuspid operation using a large prospective registry with clinical granularity. 

However this approach has several limitations. First, because markers of right ventricular 

dysfunction were largely missing, we could not evaluate this critical prognostic factor. 

Second, no long-term outcomes were available in the STS-ACSD. Third, some data 
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elements were incomplete and may be subject to inaccurate coding, particularly those related 

to tricuspid disease etiology. We therefore did not include tricuspid disease etiology in our 

multivariable modeling. The classification of tricuspid disease etiology within the database 

also changed after July 2014, limiting the ability to evaluate trends in the underlying 

etiology. Fourth, we were unable to identify patients who underwent tricuspid replacement 

after attempted repair or those with prophylactic permanent epicardial pacing lead placement 

at the time of tricuspid replacement. Finally, selection bias may still exist despite the use of 

various clinical and operative characteristics to adjust for potential confounding.

CONCLUSION.

This national analysis suggests that the unadjusted operative mortality was relatively high at 

7.3% for adult patients undergoing isolated tricuspid operation for nonendocarditis-related 

TR. In these patients valve repair was associated with lower operative mortality and major 

morbidities than replacement. Beating heart operation was associated with lower rates of 

pacemaker implant, renal failure, and postoperative blood transfusions compared with full 

cardioplegic arrest. Preoperative MELD scores may identify high-risk patients, and early 

referral to higher volume centers may help improve outcomes.
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FIGURE 1. 
Cohort identification. (CABG, coronary artery bypass grafting; VAD, ventricular assist 

device.)
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FIGURE 2. 
Procedural trends of all isolated tricuspid operations (2012-2019). (A) Trends in procedural 

volume stratified by isolated tricuspid surgery type; (B) trends in procedural volume 

stratified by presence of endocarditis. All 14,704 patients undergoing isolated tricuspid 

surgery were included except cases from 2011 and 2020 (because only six months of data 

were available). 104 patients had missing tricuspid operation type.
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FIGURE 3. 
Risk-adjusted comparison of patients undergoing (A) isolated tricuspid replacement vs 

repair and (B) beating heart operation vs full cardioplegic arrest. Adjusted OR1 = tricuspid 

repair and adjusted OR2 = full cardioplegic arrest operations. Analyses were performed in 

6507 patients in the final cohort with non-endocarditis-related tricuspid regurgitation. (OR, 

odds ratio.)
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