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      The “26th Offi cial Adult Lung and Heart-Lung 
Transplantation Report” from the International 

Society for Heart and Lung Transplantation  1   noted 
that patients with idiopathic pulmonary arterial 
hypertension (IPAH) have the lowest survival rate at 
3 months among all patients receiving a lung trans-
plantation (LTx) for end-stage lung disease most likely 
because of the high number of early complications, 
including primary graft dysfunction (PGD). We pre-
viously reported signifi cant improvements in recent 

years in our institutional long-term survival outcomes 
of patients who underwent LTx and heart-lung trans-
plantation for IPAH, which may be a result of our 
current refi ned protection and immunosuppressive 
techniques.  2   

 In addition to these refi nements, beginning in 2004, 
tricuspid valve repair (TVR) concomitant to double 
lung transplantation (DLTx) was used as a new surgi-
cal option for patients with IPAH and other second-
ary pulmonary arterial hypertension (PAH) with severe 

  Background:    Concomitant tricuspid valve repair (TVR) and double lung transplantation (DLTx) 
has been a surgical option at our institution since 2004 in an attempt to improve the outcome of 
DLTx for end-stage pulmonary hypertension, severe tricuspid regurgitation, and right ventricle 
(RV) dysfunction. This study is a review of that single institutional experience. 
  Methods:    Consecutive cases of concomitant TVR and DLTx performed between 2004 and 2009 
(TVR group, n  5  20) were retrospectively compared with cases of DLTx alone for severe pulmo-
nary hypertension without TVR (non-TVR group, n  5  58). 
  Results:    There was one in-hospital death in the TVR group. The 90-day and 1- and 3-year survival 
rates for the TVR group were 90%, 75%, and 65%, respectively, which were not signifi cantly dif-
ferent from those for the non-TVR group. The TVR group required less inotropic support and 
less prolonged mechanical ventilation in the ICU. Follow-up echocardiography demonstrated 
immediate elimination of both volume and pressure overload in the RV and tricuspid regurgita-
tion in the TVR group. Notably, there was a signifi cantly lower incidence of primary graft dys-
function following transplantation in the TVR group ( P   ,  .05). Pulmonary functional improvement 
shown by an FEV 1  increase after 6 months was also signifi cantly better in the TVR group (40% vs 
20%,  P   ,  .05). 
  Conclusions:    Combined TVR and DLTx procedures were successfully performed without an 
increase in morbidity or mortality and contributed to decreased primary graft dysfunction. In our 
experience, this combined operative approach achieves clinical outcomes equal or superior to the 
outcomes seen in DLTx patients without RV dysfunction and severe tricuspid regurgitation. 
  CHEST 2011; 140(4):1033–1039  

  Abbreviations:  DLTx  5  double lung transplantation; IPAH  5  idiopathic pulmonary arterial hypertension; LTx  5  lung 
transplantation; LV  5  left ventricle; PAH  5  pulmonary arterial hypertension; PGD  5  primary graft dysfunction; RV  5  right 
ventricle; TVR  5  tricuspid valve repair 

 Combining Tricuspid Valve Repair With 
Double Lung Transplantation in Patients 
With Severe Pulmonary Hypertension, 
Tricuspid Regurgitation, and Right 
Ventricular Dysfunction 
  Norihisa   Shigemura ,  MD, PhD ;  Basar   Sareyyupoglu ,  MD ;  Jay   Bhama ,  MD ; 
 Pramod   Bonde ,  MD ;  Jnanesh   Thacker ,  MD ;  Christian   Bermudez ,  MD ; 
 Cynthia   Gries ,  MD ;  Maria   Crespo ,  MD ;  Bruce   Johnson ,  MD ;  Joseph   Pilewski ,  MD ; 
and  Yoshiya   Toyoda ,  MD, PhD  

www.chestpubs.org


1034 Original Research

the 24 patients with moderate or severe tricuspid regurgitation, the 
committee declined two for the combined procedure because 
these patients were aged  .  70 years with marginal renal function, 
and two patients had only mild tricuspid regurgitation by intraop-
erative transesophageal echocardiogram. The 20 patients who 
underwent concomitant TVR and DLTx were compared with the 
patients who underwent DLTx without TVR (non-TVR group, 
n  5  58) for severe pulmonary hypertension ( Fig 1 ).  The preopera-
tive characteristics of all 82 patients, including those who were 
ultimately excluded from the TVR group, and all lung donors are 
shown in  Table 2   .  

 Assessment of Cardiac Function by Echocardiography 

 Transthoracic two-dimensional echocardiography as well as 
spectral Doppler and color Doppler echocardiography examina-
tions were performed before and 1 month after transplantation. 
At the time of recipient surgery, transesophageal echocardiogra-
phy also was performed routinely in all LTx cases. Left ventricle 
(LV) and RV dimensions and functions were assessed in stan-
dard parasternal long-axis and apical four-chamber views. The 
severity of tricuspid regurgitation was graded in a semiquantita-
tive manner by using the width and length of the regurgitation jet 
in the right atrium (grade 0-4) with color fl ow Doppler echocar-
diography. Grades of tricuspid regurgitation were as follows: 
0, 1  1  (jet-to-area ratio,  ,  10% [trace]), 2  1  (ratio, 10%-24% 
[mild]), 3  1  (ratio, 25%-49% [moderate]), and 4  1  (ratio,  .  50% 
[severe]). Peak systolic pulmonary artery pressure was calcu-
lated from the tricuspid velocity profi le, which was obtained with 
continuous-wave Doppler echocardiography in the four-chamber 
view. In addition, subjective assessments of RV function were rou-
tinely performed on all patients with an adequately visible RV. 
Visually characterizing the RV on the basis of wall motion, septal 
motion, and tricuspid annular motion, a subjective characteriza-
tion of RV function as normal, mild, moderate, or severe was 
made. This was performed by reviewing the RV contraction in 
multiple views, including parasternal short axis for septal motion, 
apical four chamber, and subcostal. Aspects used in the determi-
nation of the visual assessment of RV function are summarized 
in recent guidelines.  6   

 Surgical Procedure 

 TVR was performed on cardiopulmonary bypass before LTx. 
Cardiopulmonary bypass was continued during implantation. 
However, if it was possible to wean from the bypass after implan-
tation of one side was completed, bypass weaning was attempted, 
and the other side was performed without a bypass. The approach 
and procedure used for TVR, as well as the severity of tricuspid 
regurgitation and RV dysfunction, based on intraoperative 
transesophageal echocardiogram fi ndings are shown in  Table 3 .  
A standard DLTx procedure was used, and our current lung pro-
tection protocol, which has been reported in detail,  2,7   was used for 
all cases in the present study. 

 Early Outcomes, Mortality, and Long-term Survival 

 We collected data on postoperative complications, require-
ment for inotropic support, and duration of mechanical ventila-
tion from our LTx database, which documents all adverse outcomes 
on the basis of prospective data collection from patient clinical 
records. Inotropic support was assessed using a score based on the 
doses of various inotropes administered as described by Rhodes 
and colleagues.  8   Renal dysfunction was defi ned as severe renal 
insuffi ciency requiring either temporary or permanent dialysis 
treatment. PGD and acute rejection were defi ned and graded 
using International Society for Heart and Lung Transplantation 
defi nitions.  9   

tricuspid regurgitation and right ventricle (RV) dys-
function. Functional tricuspid regurgitation is found in 
most patients with severe PAH, and annular dilata-
tion and altered RV geometry are important factors 
in the pathogenesis of the development of tricuspid 
regurgitation resulting in RV dysfunction.  3   Impor-
tantly, RV dysfunction (moderate to severe hypokine-
sis) is an independent risk factor for PGD after DLTx 
for severe PAH.  4,5   Given this notable evidence, it 
occurred to us that in patients with severe tricuspid 
regurgitation and RV dysfunction, TVR concomitant 
to DLTx might accelerate cardiac adaptation and 
recovery from severe RV dysfunction, leading to pre-
vention of PGD and other early major complica-
tions and improved overall survival outcomes. Our 
initial experience with combining TVR with DLTx 
for patients with severe pulmonary hypertension, tri-
cuspid regurgitation, and RV dysfunction is detailed 
in this article. 

 Materials and Methods 

 Patients 

 Human subject approval for this study was obtained from the 
University of Pittsburgh Medical Center prior to obtaining data 
(IRB approval number 000511). From January 2004 to April 2009, 
we performed primary LTx in 558 patients with end-stage lung 
disease at the University of Pittsburgh Medical Center, Pittsburgh, 
Pennsylvania, exclusive of heart-lung transplantation cases. Of these, 
82 recipients with severe pulmonary hypertension underwent 
DLTx. The diagnosis of severe pulmonary hypertension was based 
on right-sided heart catheterization fi ndings showing transpulmo-
nary gradient pressure  .  30 mm Hg. The primary indication for LTx 
was IPAH in 18 patients, scleroderma (restricted) in 15 patients, 
idiopathic pulmonary fi brosis in 42 patients, pulmonary emphy-
sema in three patients, connective tissue-related fi brosis in two 
patients, and silicosis in two patients. 

 Of the 82 patients with severe pulmonary hypertension who 
underwent DLTx, 24 showed severe tricuspid regurgitation pre-
operatively by transthoracic echocardiogram, and 20 of the 
24 patients underwent concomitant TVR surgery at the time of 
DLTx. Our indications for the concomitant procedure are shown 
in  Table 1 .  When indicated, the possible procedures were dis-
cussed and approved by our multidisciplinary committee for LTx, 
and the fi nal decision was based on intraoperative transesophageal 
echocardiography findings. Based on the criteria in  Table 1 , of 
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within 72 h after transplantation. This female patient 
had been receiving extracorporeal membrane oxygen-
ation preoperatively because of rapid exacerbation 
with progressive pulmonary fi brosis but then recov-
ered allograft function following DLTx, allowing extra-
corporeal membrane oxygenation to be weaned. 

 Pulmonary function tests 6 months after DLTx 
revealed greater FEV 1  improvement in the TVR group 
(40.1% increase in FEV 1 ) than in the non-TVR group 
(19.9% increase in FEV 1 ,  P   ,  .05). The patients in 
the TVR group also exhibited greater improvement 
in the 6-min walk test (55% vs 33% in the non-TVR 
group,  P   ,  .05) ( Table 5 ). Survival 3 years after trans-
plantation, used as an assessment of long-term outcome, 
was not signifi cantly different between the groups 
(TVR group, 67%; non-TVR group, 71%) ( Fig 2 ).  

 Cardiac Functional Recovery 
Following DLTx With TVR 

 Follow-up transthoracic echocardiography fi ndings 
were shown in  Table 5 . Prior to surgery, all patients 
in the TVR group showed high-grade RV dilatation 
and hypertrophy, with moderate to severe RV dys-
function. In contrast, 1 month after DLTx, RV size 
and function returned to normal in all patients in the 
TVR group except one (5%), in whom a mild to mod-
erate degree of RV dysfunction was detectable. How-
ever, in the non-TVR group, 41% of the patients had 
persistent RV dysfunction after DLTx. LV ejection 
fraction increased from 54.8% to 63.3% in the TVR 
group after transplantation and was not signifi cantly 
different from the non-TVR group. Color Doppler 
echocardiography demonstrated that severe tricuspid 
regurgitation, which was present before transplanta-
tion, was signifi cantly decreased after transplantation 
in all patients in the TVR group. However, in the 

 Table 1— Indications for Combining TVR With DLx    

Indications

1 Severe pulmonary hypertension (TPG  .  30 mm Hg)
2 Severe TR through TEE (TR grade 4)
3 Severe or moderate RV dysfunction
4 No contraindication or high risk for using 

 cardiopulmonary bypass

DLx  5  double lung transplantation; RV  5  right ventricle; TEE  5  
transesophageal echocardiogram; TPG  5  transpulmonary pressure 
gradient; TR  5  tricuspid regurgitation; TVR  5  tricuspid valve repair.

  Figure  1. Study algorithm. TPG  5  transpulmonary pressure gra-
dient; TR  5  tricuspid regurgitation; TVR  5  tricuspid valve repair; 
Tx  5  transplantation.   

 It is our routine practice to perform pulmonary function tests 
at 1, 3, 6, and 12 months and annually thereafter until 5 years after 
LTx. Additional testing was performed when clinically necessary. 
We assessed graft quality by comparing pretransplant pulmonary 
function with pulmonary function 6 months after LTx. Long-term 
clinical outcomes were assessed by overall survival 3 years after 
transplantation. 

 Data Analysis 

 Statistical analysis was performed using Statview, version 5.0 
(SAS Institute Inc; Cary, North Carolina) software. Continuous 
variables are expressed as the mean  �  SD. Comparisons between 
groups were done using Student  t  test, whereas categorical vari-
ables were analyzed by Fisher exact test. Survival was calculated 
and assessed with the Kaplan-Meier method and a log-rank test. 
 P   ,  .05 was considered statistically signifi cant. 

 Results 

 Operative Data 

 Intraoperative data are shown in  Table 4 .  The 
operative time was longer in the TVR group than in 
the non-TVR group ( P   ,  .05). Ischemic time was not 
signifi cantly different between the TVR and non-TVR 
groups (362 min vs 352 min). There were no signifi -
cant differences in cardiopulmonary bypass time 
between the groups. In the non-TVR group, 49 patients 
(84%) required a bypass; among these cases, the mean 
bypass time was 195 min. 

 Postoperative Outcomes 

 Postoperative outcomes are shown in  Table 5 .  
The TVR group required signifi cantly less inotropic 
support (inotropic score, 1.1 vs 3.2;  P   ,  .05), and fewer 
patients required prolonged postoperative mechan-
ical ventilation (20% vs 38%,  P   ,  .05) than in the 
non-TVR group. However, there were no signifi cant 
differences in the rates of postoperative bleeding, 
neurologic complications, or renal insuffi ciency requir-
ing dialysis and no differences in 30-day mortality 
( Table 5 ). 

 The incidence of PGD was signifi cantly lower in 
the TVR group than in the non-TVR group (grade 2 
or 3, 20% vs 39%;  P   ,  .05). Only one recipient in 
the TVR group was given a diagnosis of grade 3 PGD 
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issues of RV dysfunction and its association with 
PGD in very-high-risk recipients with severe pul-
monary hypertension, tricuspid regurgitation, and 
severe RV dysfunction. 

 Table 3— Combing TVR With DLx: Approach, 
Procedure, Intraoperative TR Severity, 

and RV Dysfunction  

Characteristic
TVR 

(n  5  20)
Non-TVR 
(n  5  58)

Approach
 Bilateral anteroaxillary thoracotomy 5 26
 Median sternotomy 4 2
 Clamshell 11 30
Annuloplasty procedure
 Ring annuloplasty 12 N/A
 Without ring (Kay, De Vega) 8
Intraoperative TR severity through TEE
 Severe 20 0
 Moderate 0 13
 Mild or less 0 45
Intraoperative RV function through TEE
 Severe 13 0
 Moderate 7 15
 Mild or less 0 43

N/A  5  not applicable. See Table 1 legend for expansion of other 
abbreviations.

 Table 2— Characteristics of Recipients and Donors, Comparing Patients Who Underwent Concomitant TVR 
and DLTx (TVR Group) With Those Who Underwent DLTx Alone (Non-TVR Group)  

Characteristic TVR (n  5  20) Non-TVR (n  5  58)  P  Value Excluded (n  5  4)

Recipient
 Age, y 50  �  8.9 57  �  12.5 .07 62  �  4.5
 Women, % 40 57 .06 25
 Original disease .15
 IPAH 7 11 0
 Scleroderma 4 11 0
 IPF 5 34 3
 COPD 2 0 1
 Others 2 2 0
 History of smoking 40 55 .26 50
 6MWT pretransplantation, ft 543  �  158 619  �  161 .10 582  �  103
 FVC, % predicted 61  �  21 54  �  29 .50 59  �  12
 FEV 1 , % predicted 53  �  19 58  �  34 .42 51  �  23
 Diabetes mellitus, % 35 31 .29 25
 Hypertension, % 30 21 .19 50
 Chronic renal failure, % 10 6 .18 50
 Preoperative LVEF, % 54.8  �  8.3 58.2  �  9.1 .15 60.2  �  10.9
 TPG, mm Hg 49  �  22 36  �  16  ,  .05 42  �  29
 PCWP, mm Hg 10  �  5 11  �  6 .24 9  �  5
 Cardiac index, L/min/m 2 2.7  �  0.6 2.6  �  0.7 .32 2.4  �  0.3
Donor
 Age, y 44  �  15 49  �  13 .07 53  �  10
 Women, % 45 52 .06 50
 Pa o  2 /F io  2 , mm Hg 452  �  98 439  �  89 .15 385  �  102
 CMV mismatch, %  a  4 5 .24 0

Data are presented as counts or mean  �  SD. 6MWT  5  6-min walk test; CMV  5  cytomegalovirus; IPAH  5  idiopathic pulmonary arterial hypertension; 
IPF  5  idiopathic pulmonary fi brosis; LVEF  5  left ventricular ejection fraction (on transthoracic echocardiogram); PA  5  pulmonary artery; 
PCWP  5  pulmonary capillary wedge pressure. See Table 1 legend for expansion of other abbreviations.
  a  Donor  1 ; recipient  2 .

non-TVR group, 31% of the patients still showed 
residual tricuspid regurgitation after transplantation, 
whereas 91% (53 out of 58) had mild or moderate 
tricuspid regurgitation preoperatively ( Table 3 ). 

 Discussion 

 Presently, there are only two surgical options avail-
able for patients with end-stage severe pulmonary 
hypertension disease: DLTx and heart-lung trans-
plantation. Appropriate surgical options for patients 
with severe pulmonary hypertension have been a topic 
of longstanding debate. Throughout most of the 
1990s, we performed single LTx for pulmonary 
hypertension.  10,11   After reviewing outcomes in 1998, 
however, we changed to a DLTx or heart-lung trans-
plantation procedure for affected patients.  2   Never-
theless, we still encountered patients with severe 
preoperative pulmonary hypertension and RV dys-
function who also struggled with major complica-
tions, such as severe PGD and renal insuffi ciency, 
most likely because of persistent RV and LV dys-
function following isolated DLTx. The present data 
demonstrate that our approach of TVR performed 
concomitant to DLTx may successfully address the 
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ies of RV functional recovery after LTx for severe 
pulmonary hypertension, although the underlying 
mechanisms remain unclear.  13,14   In addition, late recov-
ery of impaired LV function due to severe pulmonary 
hypertension following DLTx has been reported 
recently.  15   Although the literature shows improved 
RV function after DLTx alone, studies have been 
unable to discern whether the actual rate of RV func-
tional improvement has an impact on complications, 
their duration, and their impact on PGD and ultimate 
lung allograft function. 

 In a previous study from our institution,  � 30% 
of the patients had residual tricuspid regurgitation 
1 month after DLTx for severe pulmonary hyperten-
sion,  16   which was consistent with our current fi ndings 
in the present non-TVR group (grade 2 or 3 tricuspid 
regurgitation in 31%). Kasimir et al  17   reported that 
pulmonary artery pressure was normalized in all stud-
ied cases (n  5  17) 3 months after transplantation, 
which resulted in a nearly complete reverse remodel-
ing of the distorted cardiac geometry with some 
residual tricuspid insuffi ciency. On the other hand, 
rate of mortality in their study was as high as 17.5% at 
3 months, and the mean ICU stay (35 days) clearly 
was prolonged. The patients in the present TVR group 
spent an average of 5 days in the ICU (data not 
shown), which is shorter than that of Kasimir et al,  17   
but the selection of patients for TVR in our series 
may or may not have included the patients Kasimir 
and colleagues reported. However, the differences in 
early outcomes noted between the TVR and non-
TVR groups in the present study, or between the 
present TVR patients and the Kasimir et al  17   series, 
might certainly be explained by the immediate elimi-
nation of the volume overload associated with tricus-
pid regurgitation in combination with the RV pressure 
and afterload relief provided by the DLTx, resulting 
in accelerated improvement in RV function, enhanced 
LV function, and a cascade of associated physiologi-
cal benefi ts  . 

 Table 4— Operative Data  

Characteristic TVR (n  5  20) Non-TVR (n  5  58)  P  Value

Procedure
DLx, % 100 100 .89
Ischemic time, min 362  �  118 325  �  121 .10
Operative time, min 529  �  102 371  �  139  ,  .05
Without CPB, % 0 16  ,  .05
CPB time, min 202 (62-321) 195 (70-305) 15

CPB  5  cardiopulmonary bypass. See Table 1 legend for expansion of 
other abbreviations.

 Table 5— Early Outcomes, 6-Mo Posttransplant 
Improvement in PFTs and 6MWT, and Follow-up 

Echocardiographic Findings  

Characteristic
TVR 

(n  5  20)
Non-TVR 
(n  5  58)  P  Value

Early outcomes
 Median inotropic score 1.1  �  0.9 3.2  �  2.8  ,  .05
 Mechanical ventilation 
  duration ( .  5 d), %

20 38  ,  .05

 Reoperation for bleeding, % 5 6 .35
 Stroke/neurological 
  complication, %

0 5 .11

 Renal insuffi ciency on 
  dialysis, %

15 9 .10

 30-d mortality, % 5 9 .11
Primary graft dysfunction
 Grade 0-1 16 (80) 35 (61)  ,  .05
 Grade 2-3 4 (20) 23 (39)
 Acute rejection episodes 
  (fi rst year), No.

1.5 1.2 .21

6-mo posttransplant 
   improvement in PFTs 

and 6MWT
 Improvement in FVC, % 31  �  25 25  �  29 .35
 FEV 1 , % 40  �  32 20  �  28  ,  .05
 6MWT, % 55  �  47 33  �  39  ,  .05
Follow-up echocardiography 
  at 1-mo postoperation
 LVEF, % 63.3  �  5.5 58.8  �  9.2 .12
 RV dysfunction ( .  mild), % 5 41  ,  .05
 Residual TR (grade 2 or 3), % 0 31  ,  .05
 Normalization of ventricular 
  septal position, %

100 75 .37

Data are presented as counts, No. (%), mean  �  SD. PFT  5  pulmonary 
function test. See Table 1 and 2 legends for expansion of other 
abbreviations.

  Figure  2. Comparison of patient survival after lung transplant 
between double lung transplantation concomitant with TVR 
(TVR group) and without TVR (non-TVR group). See Figure 1 
legend for expansion of abbreviation.   

 The immediate effects of LTx on RV morphology 
and cardiac function have been discussed since the 
1990s.  12,13   According to those excellent studies, which 
were mainly based on echocardiography and MRI 
fi ndings, LTx results in (1) immediate reduction in 
RV pressure afterload, (2) reduction in RV volume 
overload from diminished tricuspid regurgitation, 
and (3) normalization of ventricular septal position. 
Together, these three factors may infl uence biven-
tricular geometry and fi lling, theoretically leading 
to biventricular functional recovery. However, other 
studies demonstrated that there are different variet-
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of our knowledge the fi rst and largest reported series 
of combining TVR and DLTx. 

 In conclusion, our initial experience demonstrates 
that concomitant TVR and DLTx surgery for patients 
with severe pulmonary hypertension, tricuspid regur-
gitation, and severe RV dysfunction can be per-
formed without increasing operative mortality and 
morbidity. Further, it contributes to minimizing the 
incidence of PGD with greater pulmonary functional 
improvement. 
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 Published studies have suggested that additional 
cardiac procedures concomitant to LTx do not increase 
the morbidity or mortality related to transplanta-
tion.  18,19   Although the TVR group required cardiopul-
monary bypass more frequently than the non-TVR 
group and had higher pulmonary artery pressures, it 
is important to note that the TVR group had a lower 
incidence of grade 2 and 3 PGD. Nonetheless, the 
addition of TVR may have some disadvantages, such 
as longer operative time, addition of a prosthesis in 
the circulation, the cost of a ring, and the increased 
potential for surgical bleeding. Thus, because of these 
potential disadvantages as well as the present data 
showing that older patients had renal insuffi ciency 
more frequently with one early mortality, we recom-
mend remaining selective when deciding whether to 
add TVR to LTx, specifi cally in older patients with 
comorbidities such as chronic renal insuffi ciency, and 
developing guidelines for defi ning selection criteria 
for this new aggressive option. 

 Combining TVR and DLTx attempts to improve 
and accelerate cardiac remodeling and functional 
recovery by addressing both RV volume overload (tri-
cuspid regurgitation, immediately) and pressure over-
load (DLTx gradually). Concomitant correction of 
a cardiac anatomic abnormality that is presumably 
the result of longstanding pulmonary hypertension 
and subsequent RV adaptation has great physiologic 
appeal in the severely complicated disease of end-
stage pulmonary hypertension affecting both lungs 
and heart. 

 Tricuspid regurgitation is an adaptive mechanism 
in a sense, so there might be a plausible point that 
some residual tricuspid regurgitation, as well as some 
residual pulmonary hypertension, might protect the 
transplanted lungs from being “fl ooded” in the early 
posttransplant period. Nevertheless, it is noted that 
despite the selection of a group of DLTx patients with 
more severe tricuspid regurgitation, RV dysfunction, 
and PAH, this combination strategy-treated cohort 
had less PGD. Further advances in imaging technol-
ogies, such as intraoperative three-dimensional echocar-
diography or PET,  20,21   may help to clarify the involved 
mechanisms and to more clearly defi ne the indica-
tions for this combined operative technique for severe 
pulmonary hypertension and RV dysfunction. 

 The primary limitations of this study are its retro-
spective nature and the sample size. In addition, 
although we objectively compared our results in 
patients with combined TVR and DLTx to patients 
not having TVR and DLTx for PAH, we acknowledge 
that the non-TVR group is not by any means a perfect 
control because these were selected patients without 
severe tricuspid regurgitation and RV dysfunction. 
We consider that criticism of the sample size can be 
tempered with the fact that this report is, to the best 
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