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Abstract
Background  Pulmonary valve replacement (PVR) is often performed in patients with repaired tetralogy of Fallot (TOF). 
Concomitant tricuspid valvuloplasty (TVP) in those with tricuspid regurgitation (TR) at the time of PVR is still controversial.
Method  We retrospectively reviewed clinical records of patients who underwent PVR between 2001 and 2012. We analyzed 
the impact of concomitant TVP on the tricuspid valve function and right ventricle function and size in mid-term.
Results  119 patients with mild to moderate TR at the time of PVR were enrolled. 33 patients underwent concomitant TVP 
(TVP group) and 86 patients underwent PVR alone (no-TVP group). There was a significant reduction of TR (p < 0.001) and 
right ventricular end-diastolic volume index (RVEDVi) (p < 0.001). However, in patients who showed prosthetic pulmonary 
valve (PV) failure at the last follow-up, there was no significant decrease in TR regardless of concomitant TVP. In the patients 
with preserved prosthetic PV function, TR was significantly improved (p < 0.001 in both groups). The multivariable analysis 
showed that significant risk factors for recurrence of significant TR were preoperative moderate TR and prosthetic PV failure.
Conclusions  After PVR in repaired TOF patients, there was an improvement in the degree of TR and the RVEDVi. Concomi-
tant TVP at the time of PVR may not be able to prevent the recurrence of TR when prosthetic PV failure occurs; however, 
it may effectively preserve tricuspid valve function until that time.

Keywords  Tricuspid valve regurgitation · Pulmonary valve replacement · Congenital heart disease · Tetralogy of Fallot · 
Valvular diseases

Introduction

The long-term survival after surgical repair of tetralogy of 
Fallot (TOF) is excellent [1–3]. However, pulmonary valve 
(PV) and PV annulus were frequently sacrificed and this 
can induce long-term pulmonary regurgitation (PR) and 

cause chronic volume overload of the right ventricle (RV). 
Further complications include progressive RV dilation and 
dysfunction, and sudden cardiac arrest or death associated 
with fatal ventricular arrhythmias [4, 5]. Pulmonary valve 
replacement (PVR) is now one of the most common reopera-
tions in repaired TOF patients, and is a means to eliminate 
the volume overload and prevent further sequelae [6–8].

Various degrees of tricuspid regurgitation (TR) are 
observed in up to 30% of repaired TOF patients at the time 
of PVR. However, the indications and the effectiveness of 
concomitant tricuspid valvuloplasty (TVP) in this patient 
group are still controversial [9–16]. We analyzed the tricus-
pid valve (TV) function after PVR in repaired TOF patients 
through mid-term follow-up and evaluated the effectiveness 
of concomitant TVP in this group.

This topic was presented as an “oral presentation” at Congenital 
Heart Disease Simultaneous Scientific Session of 99th annual 
meeting of American Association for Thoracic Surgery, May 5th, 
2019, Toronto, Canada.
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Methods

Patients

This was a retrospective study conducted in Seoul National 
University Children’s Hospital and Sejong General Hospital. 
After Institutional Review Board approval from both hos-
pitals (Approval No. 1809-148-973 and 2014-158, respec-
tively), we identified the patients with a history of TOF 
who underwent reintervention consisting of PVR between 
January 2001 and December 2012. During this period, PVR 
was performed in 245 repaired TOF cases, mainly using 
bio-prosthetic valves. Excluding 9 patients with severe TR, 
110 patients with TR grade less than mild, and 7 patients in 
whom preoperative echocardiography data were not avail-
able, 119 cases with mild to moderate TR were included in 
this study. Demographic data are listed in Table 1.

Indications and Surgical Techniques for TVP

TVP was performed in all patients with severe TR. The 
patients with TR less than mild were not considered for 
TVP. When the TR grade was mild or moderate, explora-
tion for TV morphology in operative field was performed in 
selected patients with specific findings indicating structural 
deformity that would not be expected spontaneous improve-
ment after PVR such as large gap at TV coaptation area, 
or unusual valvular motion such as prolapse or restriction 
eventually resulting in eccentric TR flow on preoperative 
echocardiography. The decision for concomitant TVP was 
made according to the presence of surgically correctable 
factors in the intraoperative exploration in these cases. 

Commissuroplasty and annuloplasty were used alone or in 
combination in TVP and various annuloplasty techniques 
including suture annuloplasty (plication of the posterior leaf-
let’s annulus), DeVega type annuloplasty, and ring annu-
loplasty were used (Table 1). The surgical techniques for 
TVP were selected based mainly on the age and the mecha-
nism of TR of individual patients and also on the surgeon’s 
preference.

Data Collection and Statistical Analysis

Perioperative data were collected from the hospital records. 
Demographic and anatomical data, medical history, opera-
tive records, results of transthoracic echocardiography, and 
available cardiac magnetic resonance imaging (cMRI) were 
systematically reviewed. According to the American Soci-
ety of Echocardiography guidelines [17], TR was graded 
into none/trivial, mild, moderate, or severe. End points for 
follow-up included reoperation for PV or TV, the last clinical 
visit, and death. The data from last echocardiography or last 
cMRI were described as ‘final’ ones.

Statistical analysis was performed with the software SPSS 
23 (SPSS Inc, Chicago, Ill). Continuous variables were 
expressed as means ± standard deviation. To assess their dis-
tribution, a Shapiro–Wilk test was used. A student t test was 
performed to analyze them. A χ2 test or a Mann–Whitney 
test was used to analyze categorical variables. To analyze the 
variation of echocardiographic and cMRI measurements, a 
Wilcoxon signed rank test or a paired t test was used. The 
follow-up data on survival and reoperation were analyzed 
with standard Kaplan–Meier analysis. Multivariable analysis 
was performed to assess for risk factors for the development 
of significant TR (defined as ≥ moderate regurgitation) after 

Table 1   Preoperative and 
operative features of the patients

Continuous variables are expressed as the mean ± standard deviation. Categorical variables are expressed 
as number and percentages in brackets. A Student t test was used to compare continuous variables and a χ2 
test was used to compare categorical variables. p < 0.05 was considered statistically significant
TVP tricuspid valve repair, TOF tetralogy of Fallot, PVR pulmonary valve replacement

Variable Overall
(n = 119)

TVP group
(n = 33)

No-TVP group
(n = 86)

p value

Sex, n (%) 0.561
 Male 84 (70.6) 22 (66.7) 62 (72.1)
 Female 35 (29.4) 11 (33.3) 24 (27.9)

Age at TOF repair, year 2.2 ± 3.4 3.3 ± 5.5 1.8 ± 2.0 0.123
Age at PVR, year 14.4 ± 6.7 15.2 ± 8.9 14.2 ± 5.8 0.467
Surgical interval, year 12.2 ± 5.3 11.8 ± 5.2 12.3 ± 5.3 0.687
CPB time, min 158.1 ± 57.4 180.7 ± 67.2 149.7 ± 51.2 0.010
TVP techniques, n
 Commissuroplasty 24
 DeVega annuloplasty 10
 Suture annuloplasty 7
 Ring annuloplasty 3
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PVR with or without concomitant tricuspid valve surgery, 
using logistic regression analysis. A p < 0.05 was considered 
statistically significant.

Results

Procedure and Overall Findings

Among 119 patients, 33 underwent concomitant TVP with 
PVR (TVP group) and 86 underwent PVR alone (no-TVP 

group). The preoperative TR grade was higher (p < 0.001) 
and the cardiopulmonary bypass (CPB) time was longer 
(p = 0.010) in TVP group;however, the other preopera-
tive variables were comparable between these two groups 
(Tables 1, 2).

After PVR there were no early deaths and 3 late deaths 
(1 in TVP group and 2 in no-TVP group). Reoperation-free 
survival for the entire cohort was 92.1%, 74.9%, and 60.6% 
at 5, 10, and 15 years, respectively. Most of the reopera-
tions were due to problems with the prosthetic PV including 
prosthetic valve failure and infective endocarditis. There was 
only one case of reoperation on TV alone, who had moder-
ate TR at the time of PVR alone and showed progressive 
severe TR. There was no significant difference in overall 
survival (p = 0.915) and reoperation-free survival (p = 0.826) 
between two groups (Figs. 1 and 2).

Changes in Degree of TR and RV Volume 
and Function

For the entire cohort, there was significant improvement 
in TR grade (p < 0.001) in between the preoperative and 
last echocardiogram. Both TVP group and no-TVP group 
showed significant reduction in TR grade (p < 0.001 in each 
group) (Table 2, Fig. 3A). The preoperative TR grade was 
significantly higher in TVP group than in no-TVP group 
(p < 0.001);however, there was no significant difference in 
final TR degree between two groups (p = 0.754).

For evaluation of right ventricular end-diastolic vol-
ume index (RVEDVi) and right ventricular ejection frac-
tion (RVEF), cMRI data were reviewed (Table 3). In 34 
patients (11 in TVP group; 23 in no-TVP group), cMRI 

Table 2   Preoperative and final TR grade

Categorical variables are expressed as number and percentages in 
brackets. A Wilcoxon signed rank test was used to compare categori-
cal variables. p < 0.05 was considered statistically significant
TVP tricuspid valve repair, TR tricuspid regurgitation

Overall
(n = 119)

TVP group
(n = 33)

No-TVP group
(n = 86)

TR grade
Preoperative, n (%)
 Mild 88 (73.9) 11 (33.3) 77 (89.5)
 Mild to moderate 6 (5.0) 4 (12.1) 2 (2.3)
 Moderate 25 (21.0) 18 (54.5) 7 (8.1)

Final, n (%)
 < Mild 55 (46.2) 16 (48.5) 39 (45.3)
 Mild 47 (39.5) 10 (30.3) 37 (43.0)
 Mild to moderate 6 (5.0) 1 (3.0) 5 (5.8)
 Moderate 10 (8.4) 5 (15.2) 5 (5.8)
 > Moderate 1 (0.8) 1 (3.0) 0 (0.0)

p value < 0.001 < 0.001 < 0.001

Fig. 1   Kaplan–Meier curve showing A overall survival of the entire cohort and B overall survival of the patients who underwent PVR alone (red 
line) and of the patients who underwent concomitant TVP at the time of PVR (green line). CI confidence limit
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were performed both pre- and postoperatively. There was 
significant reduction in RVEDVi regardless of concomi-
tant TVP (p = 0.021 in TVP group; p < 0.001 in no-TVP 
group). No-TVP group showed significant increase of 
RVEF (p = 0.007);however, the increase of RVEF in TVP 
group was not significant (p = 0.248).

Among 119 patients, 45 underwent PVR in their 
childhood (aged < 12 years). They showed significant 
reduction in TR grade regardless of concomitant TVP 
(p = 0.026 in TVP group; p = 0.002 in no-TVP group). 
The other 74 patients who underwent PVR in older age 
(aged ≥ 12 years) also showed significant improvement 
in TR grade regardless of concomitant TVP (p = 0.001 in 
TVP group; p < 0.001 in no-TVP group) (Table 4).

Fig. 2   Kaplan–Meier curve showing A overall reoperation-free survival of the entire cohort and B reoperation-free survival of the patients who 
underwent PVR alone (red line) and of the patients who underwent concomitant TVP at the time of PVR (green line). CI confidence limit

Fig. 3   The changes of TR degree in both no-TVP group and TVP 
group A in the entire cohort, B in patients with preserved prosthetic 
PV function at the last follow-up, and C in patients who showed pros-

thetic PV failure at the last follow-up. TR tricuspid regurgitation, TVP 
tricuspid valvuloplasty, PV pulmonary valve

Table 3   Preoperative and final RVEDVi and RVEF in cMRI

Continuous variables are expressed as the mean ± standard deviation. 
A paired t test and a Wilcoxon signed rank test were used to compare 
continuous variables. p < 0.05 was considered statistically significant
RVEDVi right ventricular end-diastolic volume index, RVEF right 
ventricular ejection fraction, cMRI cardiac magnetic resonance imag-
ing

Overall
(n = 34)

TVP group
(n = 11)

No-TVP group
(n = 23)

RVEDVi
 Preoperative, mL 177.4 ± 31.3 163.4 ± 27.1 184.2 ± 31.5
 Final, mL 125.7 ± 47.2 119.8 ± 30.8 128.5 ± 53.8
 p value < 0.001 0.021 < 0.001

RVEF
 Preoperative, % 39.7 ± 7.5 40.2 ± 8.6 39.4 ± 7.1
 Final, % 44.8 ± 8.3 43.7 ± 8.4 45.3 ± 8.5
 p value 0.005 0.248 0.007
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Prosthetic Valve Function and TR Degree

We defined prosthetic PV failure as moderate or severe 
PR, or pulmonary stenosis with peak velocity more than 
3.5  m/s on most recent echocardiography. Forty-six 
patients showed prosthetic PV failure and the other 73 
patients showed preserved PV function at the last follow-
up (Table 5). The patients with preserved PV function 
maintained a significantly improved status of TR degree 
in both TVP group and no-TVP group (p < 0.001 in each 
group) (Fig. 3B). However, in the patients who showed 
prosthetic PV failure at the last follow-up, improved TR 
degree that we had achieved after PVR did not maintain 
well regardless of concomitant TVP (p = 0.414 in TVP 
group, p = 0.070 in no-TVP group) (Fig. 3C).

Among 25 patients with moderate TR at the time of 
PVR, 9 patients showed prosthetic PV failure and the 
other 16 patients showed preserved PV function at the 
last follow-up (Table 6). In this subgroup, TR degree 
stayed in improved status in the patients with preserved 
PV function in TVP group at discharge (p = 0.002 in 
TVP group; p = 0.063 in no-TVP group) and at the last 
follow-up (p = 0.004 in TVP group; p = 0.102 in no-TVP 
group). Regarding the patients with prosthetic PV fail-
ure, improved TR grade still maintained well only in TVP 
group at discharge (p = 0.024 in TVP group; p = 0.102 in 
no-TVP group);however, TR tended to be developed in 
both groups by time when we compared preoperative TR 

degree with TR at the last follow-up (p = 0.317 in TVP 
group; p = 0.157 in no-TVP group).

Eleven patients with mild TR underwent concomitant 
TVP at PVR. Among them, 3 patients showed prosthetic 
PV failure at the last follow-up. TR progressed to moderate 
in only one patient with prosthetic PV failure and remained 
mild or less in the other 10 patients.

Risk Factors for TR Development After Repair

To identify risk factors for moderate or severe TR at the 
last follow-up echocardiography, we analyzed the variables 
including patients’ age at PVR, TR grade at PVR, concomi-
tant TVP at PVR, follow-up duration after PVR, and pres-
ence of prosthetic valve failure at last follow-up (Table 7). 
By multivariable analysis, moderate TR at PVR and the 
presence of prosthetic valve failure at last follow-up were 
the risk factors for moderate or severe TR with statistical 
significance (p = 0.001 and p = 0.013, respectively).

Discussion

Despite the high incidence of TR, the role of concomitant 
TVP at the time of PVR in repaired TOF patients is still 
debated. Cramer et al. [12] reported the outcomes of 36 
patients who had greater than or equal to moderate TR at 

Table 4   Preoperative and final TR grade according to the patients’ 
age at PVR

Categorical variables are expressed as number and percentages in 
brackets. A Wilcoxon signed rank test was used to compare categori-
cal variables. p < 0.05 was considered statistically significant
TR tricuspid regurgitation, PVR pulmonary valve replacement, TVP 
tricuspid valve repair

 < 12 years at PVR
(n = 45)

 ≥ 12 years at PVR
(n = 74)

TVP
(n = 15)

No-TVP
(n = 30)

TVP
(n = 18)

No-TVP
(n = 56)

TR grade
Preoperative, n (%)
 Mild 3 (20.0) 24 (80.0) 7 (38.9) 53 (94.6)
 Mild to moderate 2 (13.3) 1 (3.3) 2 (11.1) 1 (1.8)
 Moderate 10 (66.7) 5 (16.7) 7 (38.9) 2 (3.6)

Final, n (%)
 < Mild 5 (33.3) 12 (40.0) 11 (61.1) 27 (48.2)
 Mild 6 (40.0) 13 (43.3) 4 (22.2) 24 (42.9)
 Mild to moderate 0 (0.0) 2 (6.7) 1 (5.6) 3 (5.3)
 Moderate 3 (20.0) 3 (10.0) 2 (11.1) 2 (3.6)
 > Moderate 1 (6.7) 0 (0.0) 0 (0.0) 0 (0.0)

p value 0.026 0.002 0.001 < 0.001

Table 5   Preoperative and final TR grade according to the prosthetic 
PV function at last follow-up

Categorical variables are expressed as number and percentages in 
brackets. A Wilcoxon signed rank test was used to compare categori-
cal variables. p < 0.05 was considered statistically significant
TR tricuspid regurgitation, PV pulmonary valve, TVP tricuspid valve 
repair

No prosthetic PV 
failure
(n = 73)

Prosthetic PV failure
(n = 46)

TVP
(n = 24)

No-TVP
(n = 49)

TVP
(n = 9)

No-TVP
(n = 37)

TR grade
Preoperative, n (%)
 Mild 8 (33.3) 44 (89.8) 3 (33.3) 33 (89.2)
 Mild to moderate 4 (16.7) 1 (2.0) 0 (0.0) 1 (2.7)
 Moderate 12 (50.0) 4 (8.2) 6 (66.7) 3 (8.1)

Final, n (%)
 < Mild 15 (62.5) 30 (61.2) 1 (11.1) 9 (24.3)
 Mild 6 (25.0) 17 (34.7) 4 (44.4) 20 (54.1)
 Mild to moderate 1 (4.2) 1 (2.0) 0 (0.0) 4 (10.8)
 Moderate 2 (8.3) 1 (2.0) 3 (33.3) 4 (10.8)
 > Moderate 0 (0.0) 0 (0.0) 1 (11.1) 0 (0.0)

p value < 0.001 < 0.001 0.414 0.070
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the time of PVR, of whom 18 underwent concomitant TVP 
at PVR and 18 underwent PVR alone. After PVR, there was 
significant reduction in the degree of TR and RV, with a sim-
ilar TR grade at 6 months postoperatively regardless of TVP. 
Similarly, Kogon et al. [16] reported that in the patients with 
at least moderate TR, significant improvement in TV func-
tion and RV size occurred in the first postoperative month 
after PVR, irrespective of concomitant TVP. In this study, 
however, patients who underwent concomitant TVP had 

significantly higher grade of TR, compared with patients 
who underwent PVR alone over the mid-term follow-up. In 
the report by Roubertie et al. [11], in case of severe TR at 
the time of PVR, concomitant TVP had significantly better 
outcomes on both TV function and functional status of the 
patients than PVR alone at mid-term follow-up. However, 
the benefit of concomitant TVP was not significant in the 
patients with moderate TR at PVR.

Our study showed that PVR with or without concomi-
tant TVP in the patients with repaired TOF was associated 
with significant improvement in TV function and RV vol-
ume. This finding is consistent with most of previous stud-
ies, supporting the hypothesis that, PVR being efficient at 
reduction of RV volume, the changes in loading condition 
subsequently improves TR.

Except moderate degree of TR at the time of PVR, the 
occurrence of prosthetic PV failure was the only significant 
risk factor for recurrence of significant TR (moderate or 
severe) on the multivariable analysis. Indeed, in the patients 
with prosthetic PV failure at the most recent follow-up, the 
final TR degree did not show significant improvement com-
pared to TR degree at the time of PVR. In the presence of 
prosthetic PV failure, volume or pressure overload to RV 
may worsen TV function again and it seems that concomi-
tant TVP cannot prevent the progression of TR recurrence 
in this condition. However, in the patients who showed pre-
served prosthetic PV function at the last follow-up, TV func-
tion was well maintained, and stayed significantly improved 
status with or without concomitant TVP at PVR, and we 
have higher portion of the patients with improved status 
of TR in the TVP group. This suggests that the positive 
effect of concomitant TVP on TV function may be persistent 
before prosthetic PV failure occurs.

Some previous literatures were mainly focusing on 
the degree of preoperative TR and tried to provide some 
guidelines or algorithms for decision making based on the 
degree of TR. Those seem to be simple and straightforward; 
however, we doubt if those guidelines or algorithms could 
be the best for the individual patients. According to our 

Table 6   TR grade at discharge and final TR grade of the patients with 
moderate preoperative TR according to the prosthetic PV function at 
last follow-up

Categorical variables are expressed as number and percentages in 
brackets. A Wilcoxon signed rank test was used to compare categori-
cal variables. p < 0.05 was considered statistically significant
TR tricuspid regurgitation, PV pulmonary valve, TVP tricuspid val-
vuloplasty

No prosthetic PV 
failure
(n = 16)

Prosthetic PV failure
(n = 9)

TVP
(n = 12)

No-TVP
(n = 4)

TVP
(n = 6)

No-TVP
(n = 3)

TR grade
At discharge, n (%)
 < Mild 8 (66.7) 2 (50) 6 (100) 1 (33.3)
 Mild 4 (33.3) 2 (50) 0 (0) 2 (66.7)
 Mild to moderate 0 (0) 0 (0) 0 (0) 0 (0)
 Moderate 0 (0) 0 (0) 0 (0) 0 (0)
 > Moderate 0 (0) 0 (0) 0 (0) 0 (0)

p value 0.002 0.063 0.024 0.102
Final, n (%)
  < Mild 7 (58.3) 3 (75) 0 (0) 0 (0)
 Mild 2 (16.7) 0 (0) 3 (50) 2 (66.7)
 Mild to moderate 1 (8.3) 0 (0) 0 (0) 0 (0)
 Moderate 2 (16.7) 1 (25) 2 (33.3) 1 (33.3)
 > Moderate 0 (0) 0 (0) 1 (16.7) 0 (0)

p value 0.004 0.102 0.317 0.157

Table 7   Analysis of risk factors 
for significant TR (≥ moderate) 
at last follow-up

TR tricuspid regurgitation, OR odds ratio, CI confidence interval, PVR pulmonary valve replacement, TVP 
tricuspid valve repair, PV pulmonary valve
p < 0.05 was considered statistically significant

Variables Univariable Multivariable

OR 95% CI p value OR 95% CI p value

Age at PVR 0.97 0.88–1.08 0.591
Surgical interval 0.84 0.72–0.99 0.031 0.93 0.79–1.10 0.399
Moderate TR at PVR 8.75 2.32–33.04 0.001 11.67 2.72–50.03 0.001
Concomitant TVP 3.60 1.02–12.75 0.047 1.99 0.34–11.61 0.443
Follow-up duration 0.97 0.83–1.13 0.658
Prosthetic PV failure 4.91 1.23–19.61 0.024 6.88 1.48–31.89 0.014
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experience, TR in repaired TOF patients may have various 
mechanisms, not only functional. We believe that there are 
still meaningful portion of patients who has TR with differ-
ent mechanisms, that mimics functional TR which could be 
improved after eradication of PR after PVR. In these cases, 
even though their TR degree is less than moderate, there 
exists the role of TVP. Our study may seem to be confusing 
because we performed TVP in some patients and did not 
in other patients even if they have similar degree of TR. 
Some may think that the outcomes of PVR alone were quite 
acceptable. However, we would like to emphasize the impor-
tance of individualized decision making based on patients’ 
tricuspid anatomical abnormalities causing TR as well as the 
TR degree in our indications for patient selection for TVP. 
Probably, this individualized decision making led to good 
outcomes in both groups, the TVP group and the no-TVP 
group.

Nevertheless, some may still not regard mild TR as a sur-
gical indication and may still be interested in only moderate 
TR. Therefore, we also analyzed only patients with moder-
ate preoperative TR. The degree of TR decreased signifi-
cantly in TVP group at discharge and this improvement of 
TV function was maintained until the last follow-up in the 
patients with preserved prosthetic PV function. However, the 
significant improvement of TV function at discharge after 
concomitant TVP was not maintained after prosthetic PV 
failure occurred. Patients in no-TVP group did not show 
significant decrease of TR degree either at discharge or at 
the last follow-up. Although the statistical power is weak-
ened by the small number of patients in each subgroups, 
these results may support the positive effect of concomitant 
TVP on the TV function before prosthetic PV failure occurs 
and the negative effect of prosthetic PV failure, which were 
discussed above.

We expected concomitant TVP to have a positive effect 
on RV function; however, the analysis of RVEF with cMRI 
data showed opposite results to our expectations. RVEF 
was significantly increased in no-TVP group; however, the 
increase of RVEF was not significant in TVP group. This 
does not necessarily mean that concomitant TVP affects 
negatively RV function rather than PVR alone, because there 
is possibility of overestimation of preoperative RVEF and 
underestimation of RVEF improvement due to the higher 
degree of preoperative TR in TVP group. Further research 
is needed to determine the effect of concomitant TVP on 
RV function.

The mean age of 14.4 ± 6.7 years may seem to be too 
young for PVR after TOF repair. However, we believe that 
earlier PVR before deterioration of RV function occurs 
and symptoms are manifested has beneficial effects even 
though these younger patients could have more chance to 
undergo reoperation for prosthetic valve in the future. We 
have reported that older age at PVR and longer interval 

from TOF repair to PVR are risk factors that may cause 
poor late outcomes [18]. As a large number of young 
patients was included in this study, we wanted to determine 
whether younger age affected the outcome of concomitant 
TVP. Young age is well known as a significant risk factor 
for early bio-prosthetic valve failure in pulmonary portion 
and, in our study, the last echocardiography also showed 
that the childhood patients had higher incidence of pros-
thetic PV failure (25 of 45 (55.6%) in childhood patients 
and 21 of 74 (28.4%) in older patients). However, both 
age group (childhood patients and older patients) showed 
significant improvement of TV function and age at PVR 
was not a significant risk factor for significant TR recur-
rence in the multivariable analysis.

This study has several limitations. Inherent to its ret-
rospective and observational aspect, the major limitation 
comes from the heterogeneity between the two groups, 
TVP group and no-TVP group. Not surprisingly, more 
patients with worse degree of preoperative TR were 
included in TVP group. However, we concluded that just 
comparing the patients with the same degree of preopera-
tive TR could not resolve this heterogeneity, as we decided 
whether to perform concomitant TVP according to the 
characteristics and mechanisms of TR and the intraopera-
tive findings as well as the degree of TR. Therefore there 
still exists heterogeneity between the two groups even in 
patients with same degree of TR. As the lack of detailed 
records of the intraoperative findings on the morphology 
of TV made it difficult to divide the patients into homog-
enous subgroups, we included all the patients in the study 
regardless of the degree of preoperative TR. However, we 
also performed some analysis on the patients with moder-
ate TR and the results were similar to those of the entire 
cohort. Although we have reported the benefit of TVP at 
PVR over a mid-term follow-up, longer-term studies are 
needed to determine the longevity of TVP. The number 
in entire cohort was not small comparing with previ-
ously published studies; however, when we divided these 
patients into subgroups to look at our outcomes in detail, 
the numbers in subgroups were not large enough to per-
form statistical analysis. Finally, cMRI was performed in 
only a small number of patients.

In conclusion, after PVR in repaired TOF patients, there 
was an improvement in the degree of TR and the RVEDVi 
regardless of concomitant TVP. Concomitant TVP at the 
time of PVR may not be able to prevent the recurrence of 
TR when prosthetic PV failure occurs; however, it may 
effectively preserve TV function until that time.

Funding  No funds, grants, or other support were received.

Data Availability  The deidentified participant data will not be shared.



81Pediatric Cardiology (2022) 43:74–81	

1 3

Declarations 

Conflict of interests  The authors have no relevant financial or non-
financial interests to disclose.

Ethical Approval  Institutional Review Board of Seoul National Univer-
sity Hospital: Approval No. 1809-148-973. Institutional Review Board 
of Sejong General Hospital: Approval No. 2014-158.

References

	 1.	 Murphy JG, Gersh BJ, Mair DD, Fuster V, McGoon MD, Ilstrup 
DM et al (1993) Long-term outcome in patients undergoing sur-
gical repair of tetralogy of Fallot. N Eng J Med 329:593–599. 
https://​doi.​org/​10.​1056/​NEJM1​99308​26329​0901

	 2.	 Nollert G, Fischlein T, Bouterwek S, Böhmer C, Klinner W, 
Reichart B (1997) Long-term survival in patients with repair 
of tetralogy of Fallot: 36-year follow-up of 490 survivors of the 
first year after surgical repair. J Am Coll Cardiol 30:1374–1383. 
https://​doi.​org/​10.​1016/​s0735-​1097(97)​00318-5

	 3.	 Kwon EN, Mussatto K, Simpson PM, Brosig C, Nugent M, Samyn 
MM (2011) Children and adolescents with repaired tetralogy of 
Fallot report quality of life similar to healthy peers. Congenit 
Heart Dis 6:18–27. https://​doi.​org/​10.​1111/j.​1747-​0803.​2010.​
00481.x

	 4.	 De Ruijter FT, Weenink I, Hitchcock FJ, Meijboom EJ, Bennink 
GB (2002) Right ventricular dysfunction and pulmonary valve 
replacement after correction of tetralogy of Fallot. Ann Thorac 
Surg 73:1794–1800. https://​doi.​org/​10.​1016/​s0003-​4975(02)​
03586-5

	 5.	 Oechslin EN, Harrison DA, Harris L, Downar E, Webb GD, Siu 
SS et al (1999) Reoperation in adults with repair of tetralogy 
of Fallot: indications and outcomes. J Thorac Cardiovasc Surg 
118:245–251. https://​doi.​org/​10.​1016/​S0022-​5223(99)​70214-X

	 6.	 Davlouros PA, Karatza AA, Gatzoulis MA, Shore DF (2004) Tim-
ing and type of surgery for severe pulmonary regurgitation after 
repair of tetralogy of Fallot. Int J Cardiol 97:91–101. https://​doi.​
org/​10.​1016/j.​ijcard.​2004.​08.​013

	 7.	 Cheung MM, Konstantinov IE, Redington AN (2005) Late com-
plications of repair of tetralogy of Fallot and indications for 
pulmonary valve replacement. Semin Thorac Cardiovasc Surg 
17:155–159. https://​doi.​org/​10.​1053/j.​semtc​vs.​2005.​02.​006

	 8.	 Cheung EW, Wong WH, Cheung YF (2010) Meta-analysis of 
pulmonary valve replacement after operative repair of tetralogy 
of Fallot. Am J Cardiol 106:552–557. https://​doi.​org/​10.​1016/j.​
amjca​rd.​2010.​03.​065

	 9.	 Hawkins JA, Sower CT, Lambert LM, Kouretas PC, Burch 
PT, Kaza AK et al (2009) Stentless porcine valves in the right 

ventricular outflow tract: improved durability? Eur J Cardiothor 
Surg 35:600–605. https://​doi.​org/​10.​1016/j.​ejcts.​2008.​12.​028

	10.	 Mahle WT, Parks WJ, Fyfe DA, Sallee D (2003) Tricuspid regur-
gitation in patients with repaired Tetralogy of Fallot and its rela-
tion to right ventricular dilatation. Am J Cardiol 92:643–645. 
https://​doi.​org/​10.​1016/​s0002-​9149(03)​00746-x

	11.	 Roubertie F, Séguéla PE, Jalal Z, Iriart X, Roques X, Kreitmann B 
et al (2017) Tricuspid valve repair and pulmonary valve replace-
ment in adults with repaired tetralogy of Fallot. J Thorac Cardio-
vasc Surg 154:214–223. https://​doi.​org/​10.​1016/j.​jtcvs.​2016.​12.​
062

	12.	 Cramer JW, Ginde S, Hill GD, Cohen SB, Bartz PJ, Tweddell 
JS et al (2015) Tricuspid repair at pulmonary valve replacement 
does not alter outcomes in tetralogy of Fallot. Ann Thorac Surg 
99:899–904. https://​doi.​org/​10.​1016/j.​athor​acsur.​2014.​09.​086

	13.	 Said SM, Dearani JA, Burkhart HM, Connolly HM, Eidem B, 
Stensrud PE et al (2014) Management of tricuspid regurgitation 
in congenital heart disease: is survival better with valve repair? J 
Thorac Cardiovasc Surg 147:412–417. https://​doi.​org/​10.​1016/j.​
jtcvs.​2013.​08.​034

	14.	 Kogon B, Patel M, Leong T, McConnell M, Book W (2010) Man-
agement of moderate functional tricuspid valve regurgitation at 
the time of pulmonary valve replacement: is concomitant tricuspid 
valve repair necessary? Pediatr Cardiol 31:843–848. https://​doi.​
org/​10.​1007/​s00246-​010-​9717-6

	15.	 Kogon B, Grudziak J, Sahu A, Jokhadar M, McConnell M, 
Book W et al (2013) Surgery in adults with congenital heart dis-
ease: risk factors for morbidity and mortality. Ann Thorac Surg 
95:1377–1382. https://​doi.​org/​10.​1016/j.​athor​acsur.​2012.​11.​076

	16.	 Kogon B, Mori M, Alsoufi B, Kanter K, Oster M (2015) Leaving 
moderate tricuspid valve regurgitation alone at the time of pulmo-
nary valve replacement: a worthwhile approach. Ann Thorac Surg 
99:2117–2123. https://​doi.​org/​10.​1016/j.​athor​acsur.​2015.​01.​062

	17.	 Zoghbi WA, Chambers JB, Dumesnil JG, Foster E, Gottdiener 
JS, Grayburn PA et al (2009) Recommendations for evaluation 
of prosthetic valves with echocardiography and Doppler ultra-
sound: a report from the American Society of Echocardiography’s 
Guidelines and Standards Committee and the Task Force on Pros-
thetic Valves, developed in conjunction. J Am Soc Echocardiogr 
22:975–1014. https://​doi.​org/​10.​1016/j.​echo.​2009.​07.​013

	18.	 Lim C, Lee JY, Kim WH, Kim SC, Song JY, Kim SJ et al (2004) 
Early replacement of pulmonary valve after repair of tetralogy: is 
it really beneficial? Eur J Cardiothorac Surg 25:728–734. https://​
doi.​org/​10.​1016/j.​ejcts.​2004.​01.​036

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1056/NEJM199308263290901
https://doi.org/10.1016/s0735-1097(97)00318-5
https://doi.org/10.1111/j.1747-0803.2010.00481.x
https://doi.org/10.1111/j.1747-0803.2010.00481.x
https://doi.org/10.1016/s0003-4975(02)03586-5
https://doi.org/10.1016/s0003-4975(02)03586-5
https://doi.org/10.1016/S0022-5223(99)70214-X
https://doi.org/10.1016/j.ijcard.2004.08.013
https://doi.org/10.1016/j.ijcard.2004.08.013
https://doi.org/10.1053/j.semtcvs.2005.02.006
https://doi.org/10.1016/j.amjcard.2010.03.065
https://doi.org/10.1016/j.amjcard.2010.03.065
https://doi.org/10.1016/j.ejcts.2008.12.028
https://doi.org/10.1016/s0002-9149(03)00746-x
https://doi.org/10.1016/j.jtcvs.2016.12.062
https://doi.org/10.1016/j.jtcvs.2016.12.062
https://doi.org/10.1016/j.athoracsur.2014.09.086
https://doi.org/10.1016/j.jtcvs.2013.08.034
https://doi.org/10.1016/j.jtcvs.2013.08.034
https://doi.org/10.1007/s00246-010-9717-6
https://doi.org/10.1007/s00246-010-9717-6
https://doi.org/10.1016/j.athoracsur.2012.11.076
https://doi.org/10.1016/j.athoracsur.2015.01.062
https://doi.org/10.1016/j.echo.2009.07.013
https://doi.org/10.1016/j.ejcts.2004.01.036
https://doi.org/10.1016/j.ejcts.2004.01.036

	Tricuspid Valve Repair at Pulmonary Valve Replacement in Repaired Tetralogy of Fallot
	Abstract
	Background 
	Method 
	Results 
	Conclusions 

	Introduction
	Methods
	Patients
	Indications and Surgical Techniques for TVP
	Data Collection and Statistical Analysis

	Results
	Procedure and Overall Findings
	Changes in Degree of TR and RV Volume and Function
	Prosthetic Valve Function and TR Degree
	Risk Factors for TR Development After Repair

	Discussion
	References




