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Abstract 

Background Tricuspid valve regurgitation (TR) of the donor’s heart is a common problem that can develop immedi-
ately after cardiac transplantation. There is still little data about its impact on clinical outcomes. We aimed to evaluate 
the short-term and 1-year effects of significant TR after heart transplantation. We retrospectively analyzed 120 patients 
who underwent elective orthotopic heart transplantation between 2011 and 2022. According to the postoperative 
TR, the patients were divided into insignificant (n= 106) and significant (n= 14) TR groups.

Results Patients with significant TR were younger [median age: 38 (Q1- Q3: 36- 39) vs. 49 (35- 55) years, p=0.037] 
and had a higher prevalence of nonischemic cardiomyopathy (85.71% vs. 42.45%, p=0.003) and donor female gen-
der (35.7% vs. 19.8%,p=0.021). The patients with significant TR had a longer ICU stay [19 (14-27) vs. 11 (9-14) days, 
p=0.001], more frequent acute kidney injury (57.14% vs. 32.08%, p=0.023), and continuous renal replacement therapy 
(14.3% vs. 5.66%, p=0.031), with higher 30-day mortality (7.14% vs. 1.9%, p=0.046) and 1-year mortality (14.3% vs. 2.8%, 
p=0.022) compared to patients with insignificant TR. The degree of TR significantly decreased during the follow-up 
[β: -0.18 (95% CI: -0.25 to -0.10); p<0.001]. All patients with TR were managed medically without surgical interven-
tions. Logistic multivariable regression revealed that nonischemic heart disease (OR: 3.41,95% CI: 1.31-41.2, p=0.024) 
and female donor (OR:1.56, 95%CI: 1.13-25.3, p=0.013) independently predicted significant postoperative TR.

Conclusions Significant TR was associated with early mortality and morbidities with prolonged hospitalization. The 
degree of TR significantly decreased during the first year after transplantation.
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Background
Tricuspid valve regurgitation (TR) is the most com-
mon valvular lesion after orthotopic heart transplanta-
tion (OHT), with a reported wide incidence (19%-84%) 
[1–4]. The wide variability in the incidence of posttrans-
plant TR could be attributed to the different designs and 
populations of the involved studies and the timing of TR 

diagnosis. Significant TR was linked to decreased sur-
vival post-transplantation [3, 5], and several authors rec-
ommended prophylactic tricuspid repair; however, no 
clinical evidence supports this practice [4]. The dynamic 
state of postoperative TR and response to medical ther-
apy make it difficult to approach and predict the out-
comes and survival.

Little data have evaluated the effect of post-transplant 
TR, and the outcomes are affected by the center volume 
and experience [4]. We aimed to report the incidence 
of TR in our transplantation center and its impact on 
patient outcomes. The primary outcome was 30-day and 
1-year mortality, and the secondary outcomes included 
ICU length of stay, occurrence of acute kidney injury 
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(AKI), and need for continuous renal replacement ther-
apy (CRRT).

Methods
Study design and data collection
The study was a retrospective cohort enrolling patient 
who underwent orthotopic heart transplantation in a ter-
tiary referral center between October 2011 and January 
2022. The study was approved by the ethical committee 
and given a reference number (2181238). Patients who 
underwent emergency transplantation or died within the 
first week after surgery were excluded. Donors with any 
degree of TR were excluded from this study.

The variables and outcomes
The data were collected from electronic hospital records. 
The preoperative variables included age, body mass 
index, gender, underlying heart disease, laboratory varia-
bles (creatinine, bilirubin, hemoglobin, and albumin), and 
right heart catheterization (RHC) data. From RHC, we 
reported direct measurements of systolic, diastolic, and 
mean pulmonary artery pressures (PAP). The transpul-
monary gradient (TPG) was calculated as the mean PAP 
- mean pulmonary capillary wedge pressure (PCWP). 
Pulmonary vascular resistance (PVR) was calculated as 
TPG divided by cardiac output [6].

Echocardiographic assessment
The assessment of the degree of TR was performed by 
echocardiographer cardiologists. According to the guide-
lines, the degrees of TR were none, mild, moderate, or 
severe [7]. Grading of TR was done using the regurgita-
tion jet area and the width of vena contracta. Assessment 
of right ventricular function was done using tricuspid 
annular plane systolic excursion (TAPSE). The enrolled 
patients were divided into two groups: the significant TR 
group included moderate or severe TR, and the insig-
nificant TR group included less than moderate degrees of 
TR.

Statistical analysis
Data were presented as the median (interquartile range) 
for continuous data and frequency and percent for 
dichotomous data. According to the normality distribu-
tion, continuous data were compared with Student’s t 
test or the Mann‒Whitney test. Dichotomous data were 
compared with the chi-squared or Fisher exact test. The 
change in the degree of tricuspid regurgitation was evalu-
ated with ordinal logistic mixed effects regression. The 
coefficient (β) and its confidence intervals were reported. 
Multiple logistic regression was used to identify factors 
affecting the occurrence of postoperative tricuspid regur-
gitation. Significant factors in the univariable analysis 

were introduced into a multivariable analysis. Stata 17 
was used (Stata Corp- College Station- TX), and a p value 
of <0.05 was considered significant.

Results
Baseline characteristics
The study cohort included 120 adult patients who 
received bi-caval orthotopic heart transplantation. 
The median age was [49 (35- 55) vs. 38 (36- 39) years, 
p=0.037], and the nonischemic underlying cardiomyo-
pathy was (42.45% vs. 85.71%, p=0.003) in the insignifi-
cant and significant TR groups, respectively. The two 
groups had no statistically significant differences regard-
ing other preoperative clinical, laboratory, or pulmonary 
hemodynamics. The studied variables of the donors were 
comparable in both groups except higher frequency 
of female gender donor in the significant TR group   
(Tables 1 and 2).

Tricuspid regurgitation
Among the 14 patients with significant TR, one had 
severe right ventricular failure (RVF) and died during the 
hospital admission. Another two patients with RVF did 
not improve and continued to have significant RVF and 
died during the first year after transplantation. For the 
remaining 11 patients, the degree of tricuspid regurgita-
tion significantly decreased during the follow-up [β: -0.18 
(95% CI: -0.25 to -0.10); p<0.001]. Among the patients 
with postoperative insignificant TR, 17 patients (16.04%) 
developed severe TR after three months and then 
regressed in 13 (12.3%) patients after one year, and only 4 
(3.8%) patients continued to have severe TR. All patients 
with TR were managed medically without surgical inter-
ventions. Logistic multivariable regression revealed that 
nonischemic heart disease (OR: 3.41,95% CI: 1.31-41.2, 
p=0.024) and female donor (OR:1.56, 95%CI: 1.13-25.3, 
p=0.013) were the independent predictors of significant 
postoperative TR. Although preoperative age, PVR, and 
TPG were significantly different between the two groups 
by univariable analysis, they were insignificant in the 
logistic regression analysis (Table  3). The data of post-
operative RHC and RV functions were summarized in 
Table 4.

Perioperative data
The patients with significant TR had longer ICU stays 
[19 (14-27) vs. 11(9-14) days, p=0.001], more frequent 
AKI (57.14% vs. 32.08%, p=0.023), and CRRT (14.3% vs. 
5.66%, p=0.031), with higher 30-day mortality (7.14% 
vs. 1.9%, p=0.046) and 1-year mortality (14.3% vs. 2.8%, 
p=0.022) compared to patients with insignificant TR 
(Table 5 and Fig. 1).
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Discussion
The main findings in our cohort were that 11.7% of 
patients had postoperative significant TR and were 
younger with more frequent nonischemic cardiomyo-
pathy and more female donors than patients with insig-
nificant TR. Published studies have reported differences 
regarding the incidence, risk factors, and predictors of 
posttransplant TR. Bishawi et al. [8] studied 542 patients 
post-OHT and reported the occurrence of significant 
TR in 21% of patients without differences in age, BMI, 

Table 1 Baseline characteristics of patients with and without significant tricuspid regurgitation after heart transplantation

BMI Body mass index, sPAP Systolic pulmonary artery pressure, dPAP Diastolic pulmonary artery pressure, mPAP Mean pulmonary artery pressure, TPG Transpulmonary 
gradient, PCWP Pulmonary capillary wedge pressure, PVR pulmonary vascular resistance, WU Wood unit.

Data were presented as median (interquartile range) or numbers and percentages

Variables All patients (n=120) Insignificant TR (n= 
106,88.3%)

Significant TR (n= 
14,11.7%)

p-value

Age (years) 45(36-53) 49 (35- 55) 38 (36- 39) 0.037

Male gender (n, %) 76(63.3%) 69 (65.09%) 7 (50%) 0.271

BMI (kg/m2) 28.02(25.6-30.2) 28(24.8-31.2) 27.6(25.6-30.4) 0.81

Hypertension (n, %) 49(40.8%) 45 (42.45%) 4 (28.57%) 0.395

Diabetes mellitus (n, %) 62(51.7%) 58 (54.72%) 6 (42.86%) 0.403

Ischemic heart disease (n, %) 63(52.5) 61 (57.55%) 2 (14.29%) 0.003

Nonischemic heart disease (n, %) 57(47.5) 45 (42.45%) 12 (85.71%)

Hemoglobin (mg/dl) 97(89-113) 97(91-117) 98(89-114) 0.067

Serum creatinine(µmol/L) 92(68-103) 83(71-116) 98(87-124) 0.1

Serum bilirubin (µmol/L) 8.6(3.9-13.4) 7.8(6.6-17.4) 8.4(6.3-12.4) 0.09

Serum albumin (g/L) 36(34-38.4) 38(34.4-40.2) 37.3(35-38) 0.85

sPAP (mmHg) 35(31-37) 34(30-36) 38(32-41) 0.08

dPAP (mmHg) 21(17-25) 20(17.5-22) 23(20-28) 0.078

Mean PAP (mmHg) 25(21-31) 24.5(22-27) 27(23-31) 0.056

PVR (WU) 2.61(1.97-3.15) 2.34(1.91-3.21) 2.64(2.46-3.24) 0.039

TPG (mmHg) 10(8-13.5) 10 (8-13.2) 11(9-14) 0.041

Pre-operative mechanical ventilation (n, %) 15(12.5) 13(12.3) 2(14.3) 0.53

Pre-operative inotropes (n, %) 36(30) 31(29.2) 5(35.7) 0.71

Table 2 The studied variables of the donors

Variables All patients (n=120) Insignificant TR (n= 106) Significant TR (n= 14) p-value

Age (years) 37.3(26-41) 37(25.3-39) 36.4(28-43.6) 0.82

Female gender (n, %) 26(21.7) 21(19.8) 5(35.7) 0.021

BMI (kg/m2) 26.4(24.6-30.2) 26.1(24.2-29.6) 26.7(24.5-30.1) 0.71

Inotropic support (n, %) 66(55) 57(53.8) 9(64) 0.16

Donor-recipient BMI mismatch
(n, %)

44(36.7) 38(35.8) 6(42.9) 0.16

Cause of brain death (n, %)

    Trauma 26(21.7) 22(20.8) 4(28.6) 0.64

    Cerebrovascular stroke 94(78.3) 84(79.2) 10(71.4)

Table 3 Multivariable logistic regression for postoperative 
significant TR

OR Odds ratio, CI Confidence interval, TPG Transpulmonary gradient, PVR 
Pulmonary vascular resistance

Variables OR 95% CI p-value

Age 0.82 0.63-4.87 0.27

Nonischemic heart disease 3.41 1.31-41.2 0.024

Female donor 1.56 1.13-25.3 0.013

Pre-operative PVR 1.26 0.71-8.24 0.38

Pre-operative TPG 1.21 0.82-6.83 0.47
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or operative variables between patients with and without 
TR. Algarni et al [4] studied 30 patients post heart trans-
plantation and reported occurrence of significant TR in 
37% of the patients studied. López-Vilella et al. [3] stud-
ied 1009 patients with OHT and reported a 19.8% inci-
dence of significant postoperative TR, and the patients 
with significant TR were statistically younger without 
gender differences but with frequent female donors 
compared to those without significant TR. Recipient 

female gender was a statistically insignificant variable 
while donor female gender was significantly more fre-
quent in the significant TR group in our cohort, which 
was similar to López-Vilella et al. [3], who reported that 
recipient gender was insignificantly different; however, 
donor-female gender and donor-recipient sex mismatch 
were statistically significant predictors of significant TR. 
Recipient female gender was more frequent (p=0.001) 
in the significant TR group, and donor male gender was 

Table 4 The postoperative RHC and echocardiographic variables

RHC Right heart catheterization, RV Right ventricle, sPAP Systolic pulmonary artery pressure, dPAP Diastolic pulmonary artery pressure, mPAP Mean pulmonary artery 
pressure, TPG Transpulmonary gradient, PVR Pulmonary vascular resistance, WU Wood unit

Variables Insignificant TR Significant TR P value

sPAP (mmHg) 36(30.4-37.8) 42(38-43.4) 0.051

dPAP (mmHg) 19(16-22.4) 22(19-26) 0.064

Mean PAP (mmHg) 28(24.6-26.4) 32(25-38.2) 0.06

PVR(WU) 1.82(1.61-3.01) 2.15(1.81-3.54) 0.052

TPG (mmHg) 11.2(8.7-12.6) 11.9(9.3-14.7) 0.042

RV function
at 1 month (n,%)

Mild dysfunction 54/106(50.9) 3/14(21.4) 0.034

Moderate dysfunction 48/106(45.3) 8/14(57.1)

Severe dysfunction 4/106(3.8) 3/14(21.4)

RV function
at 3 months (n,%)

normal 30/104(28.8) 2/13(15.4) 0.081

Mild dysfunction 43/104(41.3) 5/13(38.5)

Moderate dysfunction 29/104(27.9) 4/13(30.7)

Severe dysfunction 2/104(0.96) 2/13(15.4)

RV function
at 6 months (n,%)

normal 52/102(50.98) 4/12(33.3) 0.47

Mild dysfunction 34/102(33.3) 5/12(41.7)

Moderate dysfunction 16/102(15.7) 2/12(16.7)

Severe dysfunction 0/102(0) 1/12(8.3)

RV function
at1year (n,%)

normal 60/101(59.4) 6/11(54.5) 0.87

Mild dysfunction 27/101(26.7) 4/11(36.4)

Moderate dysfunction 14/101(13.8) 1/11(9.1)

Severe dysfunction 0/101(0) 0/11(0)

Table 5 Perioperative data and outcomes in patients with and without significant tricuspid valve regurgitation after heart 
transplantation

CRRT  Continuous renal replacement therapy, AKI Acute kidney injury, ICU Intensive care unit, sPAP Systolic pulmonary artery pressure, dPAP Diastolic pulmonary artery 
pressure, mPAP Mean pulmonary artery pressure, TPG Transpulmonary gradient, PVR Pulmonary vascular resistance, WU Wood unit.

Data were presented as median (interquartile range) or numbers and percentages

Variables All patients (n=120) Insignificant TR (n= 106) Significant TR (n= 14) p-value

Cardiopulmonary bypass time 
(minutes)

136(126-140) 132 (129- 139) 138 (128- 141) 0.637

Ischemic time (minutes) 203(168-228) 201(164-234) 194(182-241) 0.31

ICU stay(days) 14(12-21) 11(9-14) 19(14-27) 0.001

Acute kidney injury (n, %) 42(35) 34(32.08) 8(57.14) 0.023

CRRT (n, %) 8(6.7) 6 (5.66%) 2 (14.3) 0.031

30-day mortality 3(2.5) 2(1.9) 1(7.14) 0.046

1-year mortality 5(4.2) 3(2.8) 2(14.3) 0.022
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associated with a decreased risk of postoperative TR 
[hazard ratio: 0.4; 95% CI: 0.25-0.66]. Female gender was 
linked to rapid TR progression in a study that enrolled 
946 patients with functional TR [9].

The pre-OHT cardiomyopathy was significantly differ-
ent in our cohort, and the patients with significant TR 
had a higher frequency of nonischemic cardiomyopathy. 
Moreover, nonischemic cardiomyopathy predicted post-
operative TR (OR: 3.41,95% CI: 1.31-41.2, p=0.024). Our 
finding was consistent with previous reports [3, 4, 7] and 
this could be explained by donor-recipient heart size mis-
match in patients with dilated cardiomyopathy. In logis-
tic regression model, nonischemic cardiomyopathy was a 
predictor of postoperative significant TR. Although age, 
TPG, and PVR were statistically significant between the 
two groups in the univariable analysis, they were insignif-
icant in the multivariable logistic regression model. TPG 
and PVR are frequently used as parameters of pulmonary 
vascular remodeling but cannot differentiate reversible 
from fixed pulmonary vascular changes [10].

According to our cohort, significant TR was associ-
ated with worse outcomes, prolonged ICU stay, and 
higher mortality than patients with insignificant TR. 
Our results are similar to those of Bishawi et  al. [8], 
who linked significant TR with prolonged ICU stay, 
renal dysfunction, and 1-year mortality. López-Vilella 
et  al. [3] reported a significant association between 
postoperative significant TR and decreased survival. 
In other reports, significant TR was linked to different 
worse outcomes and greater mortality [5, 11–14]. Pro-
phylactic tricuspid valve annuloplasty during OHT was 
recommended and was performed in a few studies to 

avoid worse outcomes [15–17]. Marelli and colleagues 
modified inferior vena cava anastomosis to decrease TR 
by using a flap from the recipient right atrium (RA) to 
augment the donor RA wall [15]. The modified bicaval 
technique was associated with a short ICU stay and 
eliminated significant TR for one year [15]. Greenberg 
and colleagues analyzed 330 patients with OHT; 52.4% 
had a donor TV repair and found no significant benefit 
or harm regarding mortality, hemodialysis, or tricuspid 
valve procedures after OHT [16].

Jeevanandam and colleagues conducted a small rand-
omized controlled trial and compared 30 patients with 
OHT to 30 patients with OHT with DeVega tricuspid 
annuloplasty [17]. The group with annuloplasty had a 
shorter reperfusion time, lower mortality, and better 
right ventricular performance than those without annu-
loplasty. At the 1-year follow-up, the tricuspid annulo-
plasty group showed less TR, without a difference in 
renal function compared to the OHT without annu-
loplasty group. The study had significant limitations, 
including underpower and different surgeons; one sur-
geon performed OHT with tricuspid annuloplasty, and 
another performed OHT without annuloplasty [17]. 
In our cohort, at the 1-year follow-up, the TR degree 
decreased without tricuspid valve procedures. Bishawi 
et  al. [8] reported the improvement of TR over time. 
Similarly, Algarni et al [4] reported improvement of TR 
with medical therapy after 6 months of transplantation.

In summary, TR is not a benign postoperative find-
ing, as significant TR was associated with early mortal-
ity and morbidities with prolonged hospitalization. The 
degree of TR significantly decreased during the first 
year after transplantation.

Fig. 1 Outcomes of the patients studied according to TR
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Limitations of the study
The study was a retrospective cohort with a relatively 
small number of patients. The study missed data about 
rejection and long-term survival analysis. Furthermore, 
it is a single-center experience, and the results may not 
be generalized to other institutions. The study is also lim-
ited by the small number of patients with TR, making the 
recognition of factors affecting post-transplant TR not 
feasible.

Conclusions
Significant TR was associated with early mortality and 
morbidities with prolonged ICU stay. The degree of 
TR significantly decreased during the first year after 
transplantation.
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