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Abstract

Background.—Tricuspid valve regurgitation (TR) is a common finding immediately after 

cardiac transplantation. However, there is a scarcity of data regarding its implication if left 

untreated on long-term outcomes and the role of early surgical repair.

Methods.—We retrospectively reviewed the Duke University Medical Center transplant database 

from January 2000 to June 2012 and identified 542 patients who underwent orthotropic heart 

transplantation. Patients were excluded if they underwent surgical repair for TR during the 

transplant or if the transplant was part of a multiorgan transplant or redo heart transplantation. TR 

was assessed intraoperatively after weaning from cardiopulmonary bypass. Independent variables 

were grade of TR and changes in TR grade during follow-up. TR grades were classified as 

insignificant (none or mild) versus significant (moderate or severe). Survival and need for 

posttransplant valve repair during follow-up were assessed.

Results.—Significant TR was detected in 114 patients (21%) after weaning from 

cardiopulmonary bypass, with no significant difference in preoperative recipient pulmonary 

vascular resistance. Significant TR was associated with increased maximum postoperative plasma 

creatinine (median [interquartile range], 2.2 [1.5 to 3.2] mg/dL vs 1.8 [1.4 to 2.6] mg/dL, p = 

0.008), prolonged postoperative stay (median [interquartile range], 12 [9 to 21] days vs 10 [8 to 

14] days; p < 0.001), and decreased adjusted survival. Significant TR regressed to insignificant in 

91% of recipients by 1 year after transplant. Six recipients (1%) who had significant TR after 

cardiopulmonary bypass underwent delayed tricuspid valve repair for significant TR during 

follow-up.
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Conclusions.—Significant TR is a common finding immediately after transplant and is 

associated with early morbidity and reduced adjusted survival. Most significant TR resolves by 1 

year after transplant. Optimal algorithms for follow-up and treatment of significant TR after heart 

transplantation need to be defined.

Heart transplantation remains the gold standard therapy for refractory, end-stage heart failure 

[1]. Overall outcomes of heart transplantation have improved during the last decade, but a 

number of postoperative complications continue to limit further improvements in the 

therapy. Among those, tricuspid valve regurgitation (TR) has been implicated in decreased 

long-term survival after heart transplant, but some of these data are conflicting [1–3]. TR is a 

frequent finding after orthotropic heart transplantation (OHT), and it has been postulated 

that TR relates to right ventricular dysfunction and geometrical alteration of the tricuspid 

valve apparatus after transplantation [3–6]. The aim of this study was to assess the 

implications of TR after heart transplantation, identify factors associated with postoperative 

TR, and evaluate the effect of TR on long-term survival.

Material and Methods

Study Design and Patient Selection

After Institutional Review Board approval and waiver for the need of informed consent, all 

records of consecutive patients who underwent OHT at our institution between January 2000 

and April 2012 were reviewed. Patient data were obtained from Duke Enterprise Data 

Unified Content Explorer, a Duke University enterprise data warehouse that provides 

investigators with clinical information collected as a by-product of patient care [7]. These 

data were supplemented and validated with manual record review as well as with data 

obtained from United Network for Organ Sharing site-specific reports and the Duke 

Database for Cardiovascular Disease. Survival data were matched and merged with our 

database and the Social Security Death Index and were supplemented with a record review.

The analysis excluded patients who underwent a concomitant cardiac surgical procedure 

during transplant (including tricuspid valve repair), pediatric heart transplants, redo heart 

transplant, or combined transplants. Also excluded were patients who underwent a biatrial 

technique for transplantation for any reason.

Assessment and Grading of TR

TR was assessed by board-certified echocardiographers with transesophageal 

echocardiography (TEE) intraoperatively and with transthoracic echocardiography 

postoperatively, according to published guidelines [8–10]. We analyzed patient data at the 

time of transplant (intraoperative TEE baseline TR), 30 days, 90 days, 6 months, and 1 year 

postoperatively. The degree of TR was defined as none (0), trace (1+), mild (2+), moderate 

(3+), and severe (4+). Two study groups were derived for further comparison: patients with 

evidence of none, trace, or mild TR (insignificant TR) and patients with moderate or severe 

TR (significant TR) as diagnosed by TEE after cessation of cardiopulmonary bypass.
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Right atrial (RA) size was also assessed according to the most recent guidelines at the time 

of the study [11]. In brief, RA was defined as enlarged if the RA area exceeded 18 cm2, RA 

length exceeded 53 mm, or RA diameter exceeded 44 mm.

Outcome Measures

The primary end points of this study were survival at 30 days and at 1 year after 

transplantation. Secondary end points were changes in TR grade postoperatively, need for a 

posttransplant tricuspid valve intervention, kidney function and requirement for dialysis, 

length of postoperative hospitalization, and ventilator time.

Statistical Analysis

All data were coded, matched, merged, and analyzed by a statistical team from the 

biostatistics division at the Duke Clinical Research Institute. Percentages and proportions are 

reported for categorical variables. Continuous measures are reported with median and 

interquartile ranges (IQR) or mean with SD. The Pearson χ2 or exact test was used when 

appropriate to test for differences in categorical variables. Wilcoxon rank sum testing was 

used to assess differences in continuous variables. Kaplan-Meier analysis of survival with 

log-rank testing for statistical significance was conducted.

A logistic regression model was used to assess the relationship between TR and the short-

term outcome variables. Cox proportional hazards regression models were used to assess 

time to event in modeling beyond 30 days with risk factor adjustment. To examine 

differences in the presence of TR over time, we fit a logistic regression model with time 

after baseline (30, 90, 180, and 366 days) as a fixed-effect class variable and a random 

intercept for each patient to account for repeated measures per patient. The Kenward-Roger 

method was used to estimate the denominator degrees of freedom for the test on association 

with time. Statistical analysis was performed using SAS 9.2 and 9.4 software (SAS Institute 

Inc, Cary, NC).

Results

From January 2000 to June 2012, 542 patients underwent cardiac transplantation at our 

institution with available postoperative imaging and follow-up (Fig 1). We excluded 8 

patients who had a history of previous heart transplantation. Of the remaining patients, 114 

(21%) had moderate or severe TR on intraoperative TEE and therefore were classified in the 

significant TR group, and 428 (79%) had no, trace, or mild TR at baseline and were 

classified in the insignificant TR group. During follow-up, 5 patients underwent tricuspid 

valve repair for persistent, significant TR. For the patients who underwent tricuspid 

procedures after transplant, these were all for severe tricuspid insufficiency. Some had severe 

TR immediately after the transplant that failed to improve. These typically had annular 

stretching or annular distortion. Of these 5 patients, 4 had significant TR at baseline, and 1 

did not. None of these patients died within 30 days.

Differences in baseline demographics between the two study groups are reported in Table 1. 

There was a higher percentage of women in the significant posttransplant TR group (38% vs 

22%, respectively; p < 0.001). Of note, no significant differences were noted between the 
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two groups in preoperative blood urea nitrogen, creatinine, body mass index, age, pulmonary 

vascular resistance, and use of inotropes or mechanical support as a bridge to transplant. 

Donor characteristics were similar among the two study groups and are reported in Table 2. 

Female donor sex was more prevalent in recipients who had significant TR after transplant 

(47% vs 27%, respectively; p < 0.001). Graft ischemia time was not significantly different 

between the groups.

Operative and perioperative data are reported in Table 3. Days in hospital after transplant 

was longer for patients with intraoperative significant TR compared with those patients with 

intraoperative insignificant TR (median [IQR], 12 [9 to 12] days vs 10 [8 to 14] days; p < 

0.001). Furthermore, the 30-day mortality rate was higher for patients with versus without 

significant TR (5.3% vs 0.7%, respectively; p = 0.004). Similarly, the 1-year mortality rate 

was also higher in patient with significant TR (19.3%) compared with those with 

insignificant TR (8.7%; p = 0.002). Of the 56 deaths at 1 year, examining the TR assessment 

that is closest to death, 42 (75%) did not have significant TR at that time, and 14 (25%) did 

have significant TR. When examining the last two TR assessments for these 56 patients, 36 

(64%) were without significant TR, and 20 (36%) exhibited significant TR

Finally, when assessing the 476 patients with both TR assessments and 1-year vital status 

known, and selecting the TR status closest to the last echo before the end of study, 28 of 476 

patients (6%) had significant TR and 448 (94%) did not have significant TR. Of the 28 

patients with significant TR, 14 (50%) died by year 1 and 14 (50%) were still alive. Among 

the 448 patients without significant TR, 42 (9%) had died and 406 (91%) were still alive.

Postoperative renal dysfunction was more common in the significant TR group, with a 

higher proportion of patients requiring dialysis (Table 3). Overall, the proportion of patients 

with significant TR decreased over time, with very few patients left with residual significant 

TR at 1-year after transplant (Fig 2).

Table 4 reports mitral regurgitation severity, RA size, and right ventricular function over 

time. Overall, there were small differences in right ventricular function and RA size between 

the groups that did not reach statistical significance (Fig 3 and Table 4). However, the 

significant TR group tended to have slightly more mitral regurgitation at 3 to 12 months 

after transplant, which was statistically significant.

Preoperative recipient and donor characteristics were examined in a multivariable Cox 

proportional hazards model using time-to-event methods for the likelihood of persistent 

moderate or severe TR during follow-up. Donor creatinine (hazard ratio, 1.175; 95% 

confidence interval [CI], 1.026 to 1.346) and donor age (hazard ratio, 1.022; 95% CI, 1.003 

to 1.042) were identified as covariates associated with increased risk of persistent moderate 

or severe TR. Conversely, donor male sex (hazard ratio, 0.402; 95% CI, 0.246 to 0.657) was 

associated with a decreased risk of TR in our patient population. Logistic regression and a 

stepwise selection of candidate variables (baseline characteristics of recipients and donors) 

showed three variables were significant for estimating likelihood of moderate or severe TR 

at the baseline intraoperative assessment: (1) donor creatinine (odds ratio, 1.245; 95% CI, 
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1.073 to 1.443), (2) male recipient (odds ratio, 0.361; 95% CI, 0.223 to 0.584), and (3) sex 

mismatch (odds ratio, 2.503; 95% CI, 1.399 to 4.477).

A Kaplan-Meier analysis using risk adjustment from the United Network for Organ Sharing 

OHT risk adjust model, accounting for differences in recipient pulmonary vascular 

resistance, creatinine (both donor and recipient), ischemia time, donor age, body mass index, 

and sex mismatch, demonstrated a statistically significant difference in survival up to 10 

years with a log-rank p = 0.0009 favoring patients without significant postoperative TR (Fig 

4).

Comment

There continues to be an ongoing debate regarding interventions on the tricuspid valve at the 

time of heart transplantation. This is mainly caused by a number of reports on the 

relationship between posttransplant TR and adverse outcomes [2, 6, 12–15]. Given these 

findings, some authors have suggested that routine donor tricuspid valve repair should be 

performed at the time of transplant [4, 16]. Others have introduced technical modifications 

to the inferior vena cava anastomosis to reduce the incidence of TR [17]. However, when 

data on the outcomes of patients who underwent donor tricuspid valve repair at the time of 

transplant were evaluated, no clear benefit was seen [18]. Of 330 patients, 52.4% underwent 

donor tricuspid valve repair, with no significant benefit or harm seen in regard to death, 

posttransplant tricuspid valve procedure, or dialysis [18].

A small randomized trial was conducted by Jeevanandam and colleagues [16] in 1997 in 

which 60 patients were randomized to bicaval heart transplantation (n = 30) or bicaval OHT 

with DeVega tricuspid valve annuloplasty on the donor heart before implantation (n = 30). 

They demonstrated improved immediate donor heart function (better right ventricular 

performance, lower perioperative mortality, and shorter reperfusion times) in the 

prophylactic tricuspid repair group. At 1 year, they noted less TR for the repair group but no 

difference in renal function between the groups. The study patients were monitored 5.7 to 

6.7 years after transplant, and the tricuspid repair group had a survival advantage for cardiac-

specific death [4]. Furthermore, the repair group had less long-term TR and better renal 

function. The group concluded that such repair should be performed as a routine adjunct to 

bicaval heart transplantation. The study, however, had a number of very important 

limitations, including being grossly underpowered, lack of blinding, and importantly, 1 

surgeon performing the tricuspid repair was different from the surgeon performing the 

transplants without tricuspid repair. This could explain the overall shorter reperfusion, 

cardiopulmonary bypass, and ischemic times experienced with the repair group.

In this analysis, we report the largest single-center experience of patients who underwent 

heart transplantation with relatively prevalent posttransplant TR. In our series, 20% of 

recipients had clinically significant TR after weaning from cardiopulmonary bypass. Over 

time however, the TR improved in most of those patients, and at 1 year, the proportion of 

patients with severe TR was very low.
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We currently have a poor ability to predict which patients with clinically significant TR will 

improve without the need for surgical intervention (given that most patients improve) and in 

which patients the TR will become clinically meaningful and lead to worse outcomes as 

reported in this study and demonstrated by others [4, 16]. Another clinical dilemma relates 

to early postoperative TR actually being a marker of overall graft dysfunction and not 

necessarily an isolated finding. In fact, worsening mitral regurgitation was also more likely 

to develop in patients in this study who had significant postoperative TR, and their survival 

was diminished long-term despite the TR improving within the first few months. Whether 

reversible TR after transplant is associated with similar survival to patients who did not have 

significant TR after transplant is unclear.

Female sex was a negative prognostic indicator for both the donor and the recipient for 

posttransplant TR in our study. This finding confirms a previous report of sex difference in 

TR presence and progression. A large-scale echocardiographic study of function in 946 TR 

patients identified female sex as an independent predictor for fast progression of TR over 

time [19].

This study had a number of important limitations. It is a single-center experience over a long 

period of time. The decision to intervene on the tricuspid valve was left to the discretion of 

the surgeon, which will add a number of important biases. Furthermore, significant TR could 

have developed in some patients that would have been missed if they did not present for 

follow-up. Finally, we did not have comprehensive myocardial biopsy data to relate new TR 

being caused by the biopsy.

Despite its limitations, this study provides the natural history of TR after heart 

transplantation at an experienced center that does not perform tricuspid surgical 

interventions at the time of the transplant.

In conclusion, significant TR early after transplant is a common finding and is associated 

with early morbidity and reduced unadjusted survival. Female donor and recipient sex 

appear to be associated with significant posttransplant TR. Most significant TR resolves by 1 

year after transplant. Identifying patients with significant TR who will develop such 

complications remains difficult, and further clinical investigation is warranted.
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Fig 1. 
Study design and patient inclusion. (TR = tricuspid regurgitation.)
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Fig 2. 
Proportion of patients with tricuspid regurgitation (TR) at different times after 

transplantation. (mod = moderate; sev = severe.)
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Fig 3. 
Right ventricular (RV) dysfunction at 30 days based on the immediate postoperative 

tricuspid regurgitation (TR) category.
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Fig 4. 
Adjusted Kaplan-Maier survival for patients with versus without significant TR after 

transplantation. (BMI = body mass index; PVR = pulmonary vascular resistance; No Sig TR 

= no significant tricuspid regurgitation; Mod/Sev TR = moderate/severe tricuspid 

regurgitation.)
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