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ABSTRACT

Objective: Atrioventricular valvar regurgitation in patients with single ventricles is
associated with worse outcomes. Valve repair or replacement has been undertaken
in an attempt to reduce mortality andmorbidity. Current data on valve replacement
in single ventricle patients are limited and derived from heterogenous populations.
We describe our experience with repair and replacement of the tricuspid valve in
children undergoing single ventricle palliation for hypoplastic left heart syndrome.

Methods: We included 27 patients with hypoplastic left heart syndrome with at
least moderate tricuspid regurgitation who underwent valve intervention between
2007 and 2021 at our institution; charts were retrospectively reviewed for data.

Results: Eleven patients (73% male) underwent valve replacement (median age,
3 years). Preoperative ventricular systolic function was normal in 10 patients
(91%). Median follow-up postoperatively was 4 years with no early mortality, 1
(9%) late mortality, and 1 heart transplant (9%). Morbidity consisted of complete
heart block in 1 patient (9%), with no important hemorrhagic or thrombotic events.
Among survivors of replacement (n ¼ 9), ventricular function was preserved in all
(n¼ 8) who had normal function preoperatively and improved in the remaining pa-
tient. Sixteen patients underwent valve repair (median age, 4 months) with no early
mortality, 8 (50%) midterm mortalities, and 2 heart transplants (12%).

Conclusions: Tricuspid valve replacement is a feasible option in hypoplastic left
heart syndrome with significant tricuspid regurgitation, with favorable outcomes
in the intermediate follow-up. When undertaken in the setting of normal function,
ventricular function may be preserved in up to 80% of patients. Long-term follow-
up is needed. (JTCVS Open 2022;11:363-72)
From the aDivision of Pediatric Cardiology, Department of Pediatrics, University of

Texas Southwestern, Dallas, Tex; bDivision of Pediatric and Congenital Cardiotho-

racic Surgery, Department of Cardiovascular and Thoracic Surgery, University of

Texas Southwestern, Dallas, Tex; cDepartment of Pediatrics, Children’s Hospital of

Los Angeles, Los Angeles, Calif; and dDivision of Congenital Heart Surgery,

Department of Pediatrics, Medical City Children’s Hospital Congenital Heart Cen-

ter, Dallas, Tex.

Institutional Review Board Number: STU-2021-0451, approved 6/28/2021.

Received for publication March 13, 2022; revisions received May 24, 2022; accepted

for publication June 14, 2022; available ahead of print July 16, 2022.

Address for reprints: Mehar Hoda, MD, Division of Pediatric Cardiology, Department

of Pediatrics, University of Texas Southwestern, 5323 Harry Hines Blvd, Dallas,

TX 75390 (E-mail: meharh76@gmail.com).

2666-2736

Published by Elsevier Inc. on behalf of The American Association for Thoracic Sur-

gery. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xjon.2022.06.015

JTCVS
Norwood
Operation

Valve Replacement

Alive Dead or transplanted

Valve Repair

1

1

First
Interstage

3

Glenn

1

1

4

Second
Interstage

4

1

Fontan

4

3

1

Post
Fontan

1

2

Timing and outcomes for tricuspid valve surgery in
patients with HLHS.
O

CENTRAL MESSAGE

Tricuspid valve replacement is
feasible in HLHS with significant
TR with favorable outcomes in
the intermediate follow-up
period.
PERSPECTIVE
AVVR in patients with single ventricles is associ-
ated with significant morbidity and mortality.
We observed favorable outcomes with mechani-
cal tricuspid valve replacement in patients with
HLHS in the intermediate follow-up period.
When undertaken in the setting of normal func-
tion, ventricular function can be preserved in up
to 80% of patients.
Hypoplastic left heart syndrome (HLHS) requires a 3-staged
surgical approach to achieve sustainable single ventricle
circulation. Competency of the tricuspid valve is of para-
mount importance throughout, with significant regurgitation
associated with increased risk of mortality. Up to one-third
of patients at varying stages of single ventricle palliation
have been reported to have significant (moderate or worse)
atrioventricular valve regurgitation (AVVR).1-3 Patients
with moderate to severe AVVR have decreased survival
after stage 1 palliation when compared with patients with
mild or no insufficiency.4-6 The same pattern has been
observed in patients after cavopulmonary Glenn shunt7,8

and Fontan surgery.8-11 This has led to much focus on
surgical approaches to reduce AVVR, although the optimal
intervention and timing have not been well defined.
The mechanism of tricuspid regurgitation (TR) in

HLHS is multifactorial. Stamm and colleagues12 found
that 35% of all tricuspid valves in hypoplastic left hearts
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Abbreviations and Acronyms
AVVR ¼ atrioventricular valve regurgitation
HLHS ¼ hypoplastic left heart syndrome
RV ¼ right ventricle
TR ¼ tricuspid regurgitation
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have moderate to severe dysplasia, including thickening,
nodularity, and short chordae tendinae. These baseline
anatomic abnormalities may be exacerbated by chronic
volume overload, dilation of the tricuspid valve annulus,
ventricular dysfunction, leaflet prolapse, papillary muscle
displacement, and leaflet tethering.13-15 Intervention
on the AVV before development of heart failure is
considered appropriate to conserve ventricular systolic
function and improves outcomes in patients with
HLHS,2,16-19 but predicting the onset of ventricular
dysfunction is difficult. In patients of any age, repair of
an incompetent AVV is always preferable, but this is
especially true in children because of issues of growth
and the particular difficulties of managing anticoagulant
medications in this population. Few data are available on
mechanical AVVR in patients with single ventricles in
general and HLHS in particular.2,20-23 Although our
institutional preference has been and remains in favor
of repair when feasible and successful, we have
increasingly been willing to consider tricuspid valve
replacement in this population because of somewhat
disappointing results with repair. We sought to describe
our institutional experience with tricuspid valve surgery
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in patients with HLHS, with particular focus on
mechanical tricuspid valve replacement, over a 14-year
period (Figure 1).
MATERIALS AND METHODS
A retrospective chart review of patients presenting to the Children’s

Medical Center of Dallas between 2007 and 2021 was performed. Patients

with HLHS who had undergone tricuspid valve repair or replacement were

identified from our surgical database. The study was approved by the Insti-

tutional Review Boards for Human Research (IRB STU-2021-0451

approved June 28, 2021) at the University of Texas Southwestern Medical

Center and Children’s Medical Center.

The medical records of patients were reviewed for age, gender, and

medical and surgical history, including anticoagulation regimen (as well

as associated events of significant bleeding, thrombosis, or embolism).

Echocardiograms, cardiac catheterizations, and surgical reports were ob-

tained. Estimates of TR and right ventricular systolic function were re-

corded from the echocardiogram performed most immediately before the

tricuspid valve surgery. Additional measurements and assessments were

made on the echocardiogram during the period of data collection if quan-

tification of TR or right ventricular (RV) function were not provided in the

original report. During the study period, the decision of whether and when

to intervene on the tricuspid valve was individualized and not driven by

protocol or defined threshold. In general, patients with moderate or greater

tricuspid valve regurgitation and mild or no right ventricular dysfunction

underwent tricuspid intervention. Patients with both significant TR and sig-

nificant right ventricular dysfunction were diverted to the transplant

pathway. For the purposes of analysis, patients were grouped by the type

of definitive tricuspid operation; specifically, patients who underwent

tricuspid repair and later or contemporaneously underwent replacement

were considered in the replacement group. Because the repair and replace-

ment groups were thought to be fundamentally dissimilar, no attempt was

made to compare the groups statistically. Only summary descriptive statis-

tics are provided for each group. Timepoints for outcomes were defined as

early (�30 days), midterm (31 days to 5 years) and late (>5 years).
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RESULTS
Patients (n ¼ 27) underwent intended definitive tricuspid

valve intervention at 1 of 6 time points: at Norwood opera-
tion, in the first interstage, at Glenn operation, in the second
interstage, at Fontan operation, or after the Fontan operation
(Figure 1). Repair was the only approach undertaken
through the Glenn operation, and thereafter, replacement
was the predominant approach, although a number of re-
pairs were also done in the post-Glenn stages. Time-
related freedom from death or transplant after definitive
operation is presented in Figure 2.
Tricuspid Valve Replacement
Eleven patients (73% male) underwent mechanical

tricuspid valve replacement (Table 1). The median age at
development of moderate or greater TR was 1 years (range,
in utero to 8 years), with median time to valve replacement
of 2 years (range, 5 months to 5 years). All patients were
medically managed with diuretics or an afterload reducing
agent before valve replacement. Despite medical manage-
ment, all 11 patients had at least moderate TR at the time
of surgery, and 9 patients (82%) had tricuspid annular dila-
tion (Z score �2). All patients had evidence of prolapse on
preoperative echocardiogram of varying degrees. In addi-
tion, valvular thickening, dysplasia, leaflet restriction, and
chordal elongation were also identified preoperatively.
Before valve replacement, RV systolic function was pre-
served in 10 patients (91%), and the remaining patient
had mildly diminished systolic function.

Preoperative cardiac catheterization demonstrated
elevated right ventricular end-diastolic pressure (�10 mm
Hg) in 6 patients (55%). Only 1 patient had a prior surgery
for valve repair, which was accomplished in the second
interstage (after Glenn operation), and this patient was
analyzed as a replacement rather than a repair. The repair
was an Alfieri repair with Kaye annuloplasty of the antero-
septal commissure in a child with moderate to severe TR
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FIGURE 2. Kaplan–Meier curve depicting freedom from death and transplant i

replacement (blue, n ¼ 11). Because the groups were dissimilar, no statistical c
secondary to a deep central cleft in the anterior leaflet, a
deficient thin and pliable septal leaflet, and no posterior
leaflet. There was residual mild TR postoperatively that
progressed over the next 9 months requiring valve replace-
ment at the time of the Fontan operation, at age 4 years.
The median age at time of mechanical valve replacement

was 3 years (range, 5 months to 9 years). The median car-
diopulmonary bypass time was 91 minutes (range, 45-
338 minutes), and median crossclamp time was 44 minutes
(range, 28-134 minutes) (Table 2). All patients were extu-
bated within the first postoperative day and required
inotropic support for a median of 1 day (range, 1-4 days).
The median duration of intensive care unit stay was
5 days (range, 2-39), and median hospital stay was
14 days (range, 8-46).
In the entire cohort, 7 patients (64%) had concomitant

cardiac procedures at the time of valve replacement. These
procedures included unsuccessful attempts at tricuspid
valve repair (n ¼ 2), Fontan operation (n ¼ 3), Fontan revi-
sion, pacemaker insertion, Maze procedure, and right atrial
reduction. Eight patients had valve replacement as a proced-
ure separate from the Fontan: 5 (63%) before Fontan and 3
(37%) after. As expected, patients undergoing additional
cardiac procedures had a longer median cardiopulmonary
bypass time (132 vs 48 minutes) and crossclamp time (69
vs 33 minutes). There was no difference in the duration of
mechanical ventilation and inotropy requirement. Patients
undergoing additional cardiac procedures had a longer me-
dian intensive care unit stay by 4 days.
Regarding anticoagulation, 8 patients were started on

intravenous heparin postoperatively (range, 1-3 days) with
transition to aspirin and coumadin 1 to 4 days later. The
international normalized ratio was monitored with a thera-
peutic goal value range of 2.5 to 3.5. The remaining 3 pa-
tients (aged 2-3 years) were started on subcutaneous
enoxaparin sodium (Lovenox, Sanofi) postoperatively and
switched to Coumadin on an outpatient basis. One patient
4 6
ars after intervention

8 10 12

9 9 9 9 9
6 6 6 6 6

n patients undergoing tricuspid valve repair (red, n¼ 16) and tricuspid valve

omparison was made.
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TABLE 1. Tricuspid valve replacement

Patient

Age at

diagnosis

of

moderate

TR

Grade of

TR before

replacement

Mechanism

of TR on

echocardiogram RVEDp

RV

systolic

function

Age at

replacement Valve used

Additional

intraoperative

findings

Concomitant

surgery

RV function

on last

echocardiogram

TR on last

echocardiogram

1 In utero Severe Prolapse, annular

dilation

10 Normal 5 mo 21-mm St Jude Dysplasia, binding

of septal leaflet

to septum with

abnormal chordae,

elongated chordae

of anterior leaflet

Glenn Normal None

2 1 y Severe Prolapse and

thickening of

anterior leaflet,

annular dilation

11 Normal 3 y 25-mm St Jude None None Normal Trivial

3 5 mo Severe Prolapse of anterior

leaflet, restricted

septal leaflet,

annular dilation

8 Normal 2 y 23-mm St Jude Extreme dysplasia

and restriction

with multiple

secondary

chordae and

papillary muscle

fusion to the

underside of the

septal leaflet.

None Normal None

4 5 mo Severe Prolapse of anterior

leaflet, restricted

septal leaflet,

annular dilation

12 Normal 4 y 29-mm St Jude None Alfieri repair Moderately

depressed

None

5 1 y Severe Prolapse 9 Normal 2 y 23-mm St Jude None None Severely

depressed,

transplanted

N/A

6 2 y Moderate

to severe

Prolapse of anterior

leaflet, annular

dilation

9-11 Normal 3 y 21-mm St Jude Extreme dysplasia

Multiple deep

scallops in all

leaflets

Fontan Normal Trivial

7 4 y Severe Prolapse, dysplasia,

annular dilation

Not

available

Normal 4 y 25-mm St Jude Myxomatous

valve, cleft,

prolapse

Fontan, cleft

closure,

commissuroplasty

Normal None

8* 2 y Moderate Annular dilation 12 Mildly

depressed

5 y 27-mm St Jude Prolapse Fontan, pacemaker

insertion

Moderately

depressed

None

(Continued)

3
6
6

J
T
C
V
S
O
p
en

c
S
ep
tem

b
er

2
0
2
2

C
o
n
g
en

ita
l:
T
ricu

sp
id

V
a
lv
e

H
o
d
a
et

a
l



T
A
B
L
E
1
.
C
o
n
ti
n
u
ed

P
a
ti
en
t

A
g
e
a
t

d
ia
g
n
o
si
s

o
f

m
o
d
er
a
te

T
R

G
ra
d
e
o
f

T
R
b
ef
o
re

re
p
la
ce
m
en
t

M
ec
h
a
n
is
m

o
f
T
R
o
n

ec
h
o
ca
rd
io
g
ra
m

R
V
E
D
p

R
V

sy
st
o
li
c

fu
n
ct
io
n

A
g
e
a
t

re
p
la
ce
m
en
t

V
a
lv
e
u
se
d

A
d
d
it
io
n
al

in
tr
a
o
p
er
a
ti
v
e

fi
n
d
in
gs

C
o
n
co
m
it
a
n
t

su
rg
er
y

R
V
fu
n
ct
io
n

o
n
la
st

ec
h
o
ca
rd
io
g
ra
m

T
R
o
n
la
st

ec
h
o
ca
rd
io
g
ra
m

9
2
w
k

M
o
de
ra
te

to
se
ve
re

D
y
sp
la
si
a,
p
ro
la
ps
e

o
f
an
te
ri
o
r
an
d

se
p
ta
l
le
afl
et

7
N
o
rm

al
5
y

2
3
-m

m
S
t
Ju
d
e

N
o
n
e

N
o
n
e

N
o
rm

al
N
o
n
e

1
0

8
y

S
ev
er
e

A
n
n
u
la
r
d
il
at
io
n
,

p
ro
la
p
se

o
f

an
te
ri
o
r
le
afl
et

8
N
o
rm

al
9
y

3
1
-m

m
A
T
S

M
ed
ic
al
,
In
c

N
o
n
e

M
az
e,
ri
g
h
t
at
ri
al

re
d
u
ct
io
n
,

F
o
n
ta
n

re
v
is
io
n

N
o
rm

al
N
o
n
e

1
1

2
y

M
o
de
ra
te

to
se
ve
re

P
ro
la
p
se

o
f
an
te
ri
o
r

an
d
se
p
ta
l
le
afl
et
,

an
n
u
la
r
d
il
at
io
n

1
0

N
o
rm

al
5
y

2
5
-m

m
S
t
Ju
d
e

N
o
n
e

R
es
ec
ti
o
n
o
f

m
em

b
ra
n
e
at

o
st
iu
m

o
f
ri
g
h
t

p
u
lm

on
ar
y
ve
in

M
o
de
ra
te
ly

d
ep
re
ss
ed
y

T
ri
v
ia
l

T
R
,
T
ri
cu
sp
id

re
g
u
rg
it
at
io
n
;
R
V
E
D
p
,
ri
g
h
t
v
en
tr
ic
u
la
r
en
d
-d
ia
st
o
li
c
p
re
ss
u
re
;
R
V
,
ri
g
h
t
v
en
tr
ic
le
;
N
A
,
n
o
t
av
ai
la
b
le
.
*
P
at
ie
n
t
u
n
d
er
w
en
t
tr
ic
u
sp
id

va
lv
e
re
p
ai
r
at
3
y
ea
rs

af
te
r
p
re
se
n
ti
n
g
w
it
h
se
ve
re

T
R
an
d
d
ep
re
ss
ed

R
V
fu
n
ct
io
n
.

U
n
d
er
w
en
t
o
p
ti
m
iz
at
io
n
w
it
h
o
ra
l
h
ea
rt
fa
il
u
re

m
ed
ic
at
io
n
s
w
it
h
im

p
ro
ve
m
en
t
in

sy
st
o
li
c
fu
n
ct
io
n
an
d
T
R
.
T
ri
cu
sp
id

va
lv
e
re
p
la
ce
d
2
y
ea
rs

la
te
r
d
u
e
to

w
o
rs
en
in
g
T
R
.
yP
at
ie
n
t
d
ec
ea
se
d
.

Hoda et al Congenital: Tricuspid Valve
was transitioned to Coumadin after 2 years, and 2 after
2 months. Anti-Xa levels were monitored with a therapeutic
goal value of 0.5 to 1. No major or minor bleeding or throm-
boembolic events were reported during the early or midterm
follow-up period.
The patients were followed for a median of 4 years

(range, 1-12). There was no early mortality in this cohort.
One patient (9%) died 4 years after valve replacement.
This patient was diagnosed with moderate TR at 2 years
old and underwent replacement 4 years later, after Fontan
completion. Preoperative assessment demonstrated low
normal right ventricular systolic function, borderline
elevated right ventricular end-diastolic pressure of 10 mm
Hg, and moderate to severe TR with leaflet prolapse and
annular dilation. The patient had moderately depressed ven-
tricular function postoperatively that worsened over the
next 4 years, leading to referral for transplantation. Unfor-
tunately, there was hemodynamic decompensation after
pretransplant catheterization, culminating in cardiac arrest,
and the patient ultimately died.
One patient in the cohort received a heart transplant

5months after valve replacement. This patient was diagnosed
with severe TR at 1 year and underwent valve replacement at
2 years. Similar to the previously mentioned patient, preoper-
ative assessment demonstrated low normal right ventricular
function, borderline elevated right ventricular end-diastolic
pressure of 10 mm Hg and severe TR with leaflet prolapse,
annular dilation, and excessive chordal elongation. He devel-
oped moderately depressed ventricular function postopera-
tively that worsened over the next 3 months, and he
received a donor heart shortly after being listed.
Of the remaining 9 patients, 8 had normal right ventricu-

lar systolic function on last echocardiogram. One patient
had moderately depressed function at 1-year follow-up.
This patient had undergone unsuccessful tricuspid valve
repair at 3 years of age followed by a valve replacement
at 5 years with the Fontan operation. Right ventricular sys-
tolic function was mildly depressed before valve replace-
ment, and surgery was complicated by complete heart
block necessitating a permanent pacemaker. This patient’s
RV function progressed over the next year to moderately
depressed. With initiation of oral congestive heart failure
medications, RV systolic function improved to low normal
at 3 years follow-up.

Tricuspid Valve Repair
Sixteen patients (69% male) underwent tricuspid valve

repair (Table 3). The median age at development of at least
moderate TR was 4 months (range, 8 days to 4 years).
Before valve replacement, RV systolic function was pre-
served in 13 patients (81%), and function was mildly
depressed in 2 patients (12%) and moderately depressed
in 1 patient (6%). These patients underwent repair at a me-
dian age of 4 months (range, 8 days to 4 years) and median
JTCVS Open c Volume 11, Number C 367



TABLE 2. Operative details

Valve

replacement

median (range)

Valve repair

median (range)

Age at surgery (y) 3 (0.5-9) 0.3 (0.02-3)

Weight at surgery (kg) 15.2 (7-25) 5.8 (3-24.2)

Cardiopulmonary bypass

time (min)

91 (45-338) 107 (45-272)

Clamp time (min) 44 (28-134) 49 (21-164)

Number

(n ¼ 11)

Number

(n ¼ 16)

Additional intraoperative

valvar findings

Dysplasia 4 2

Prolapse 2 7

Cleft 1 2

Restriction 1 3

Dilation 0 4

Type of mechanical valve

St Jude 21 mm 2

St Jude 23 mm 3

St Jude 25 mm 3

St Jude 27 mm 1

St Jude 29 mm 1

ATS Medical, Inc 31 mm 1

Concomitant surgery

Attempt at valve repair 1 N/A

Norwood 0 2

Fontan 3 5

Permanent pacemaker

insertion

1 0

Maze procedure with right

atrial plication

1 0

Fontan revision 1 0

Glenn 1 5

Resection of pulmonary

venous obstruction

1 1

None 2 2

Intraoperative/postoperative

complications

Sinus bradycardia 1 0

First-degree AV block

(transient)

2 0

First-degree AV block

(persistent)

1 0

Second-degree block

(transient)

1 0

Junctional rhythm

(þaccelerated)

4 3

Complete heart block

requiring pacemaker

1 1

Need for extracorporeal

support

0 1

AV, Atrioventricular.
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size of 5.8 kg (range, 3-24.2). Fourteen patients (88%) un-
derwent repair during a concomitant operation (Table 3).

These patients were followed for a median duration of
5 months (range, 2 weeks to 3 years). There was no early
mortality, there were 9 (56%) midterm mortalities, and 1
patient received a heart transplant (6%) (Figure 3). Of the
remaining 6 patients, 4 had normal RV systolic function
on last echocardiogram and 2 had mildly depressed func-
tion. All 6 had residual TR; 3 had mild and 3 had moderate
TR. Of the 9 mortalities, 6 were not considered candidates
for bailout tricuspid valve replacement secondary to poor
ventricular function that was thought highly likely to be
exacerbated by a “suddenly competent” tricuspid valve.
The remaining 3 patients were considered too small to un-
dergo valve replacement.

DISCUSSION
Survival in patients with single ventricles undergoing sur-

gical palliation has greatly improved, with current Fontan
survival of 80% at 30 years.24 This decrease in mortality
rate over the years is due to a combination of factors including
improved surgical techniques, better perioperative care, and
more judicious patient selection. However, presence of sig-
nificant AVVR remains an important independent risk factor
for both early and late outcomes post-Fontan,25 and a great
deal of focus has been given to surgical repair of the tricuspid
valve as a way to improve Fontan candidacy/survival in these
children. Because of the complex etiology of tricuspid valve
dysfunction, surgical repair is not always straightforward or
reproducible and patients may develop worsening regurgita-
tion at any point after repair.26,27 In the present study, the re-
sults of repair, in a group too young or too small to undergo
replacement, were disappointing, with a high rate of attrition
or diversion to the transplant pathway.

Replacement of the AVV with a mechanical valve is
generally avoided in the pediatric population due to absence
of growth potential, lack of available prostheses in very
small sizes, risk of injury to the conduction system, and
the difficulties of chronic anticoagulation in children.2

Mahle and colleagues2 reported on 17 patients with mixed
variations of single ventricle physiology who underwent
AV valve replacement, 44% of whom developed complete
heart block. There were 4 late deaths (24%) and 1 patient
(6%) required heart transplant in their series, but overall
improvement in mortality and morbidity was achieved.
Sughimoto and associates21 reported on 56 patients under-
going valve replacement, half of whom had depressed ven-
tricular function, and reported a 34% 3-year mortality.
Recently, Stephens and Dearani28 have advocated for a
lower threshold to proceed with valve replacements, espe-
cially in patients with a tricuspid valve.



TABLE 3. Tricuspid valve repair

Patient

Age at

diagnosis

of moderate

TR

Grade of

TR before

replacement

Mechanism of

TR on

preoperative

echocardiogram RVEDp

RV

systolic

function

Age at

repair Technique used

TR on

postoperative

echocardiogram

Concomitant

surgery

RV function

on last

echocardiogram

TR on last

echocardiogram

1 25 d Moderate

to severe

Prolapse,

restriction,

annular dilation

Unavailable Normal 25 d Annuloplasty Trivial Norwood Patient deceased N/A

2 8 d Moderate Data unavailable Unavailable Normal 8 d Kaye-Wooler

commisuroplasty

Mild to

moderate

Norwood Normal Moderate

3 2 mo Moderate Annular dilation 11 Normal 2 mo Kay Wooler

commisuroplasty

Severe Sutureless

repair

of right

pulmonary

vein

Patient deceased N/A

4 3 mo Severe Flail leaflet, annular

dilation

Unavailable Normal 3 mo Dacron posterior

annuloplasty

Trivial Extracorporeal

membrane

oxygenation

decannulation

Patient deceased N/A

5 2 wk Moderate

to severe

Flail leaflet

secondary

to Sano stent

migration,

annular

dilation

12 Normal 3 wk DeVega

annuloplasty

type stitches at

the anterior septal

commissure and

the posterior

septal

commissure

Moderate

to severe

None Patient deceased N/A

6 2 mo Moderate

to severe

Annular dilation,

restriction

13 Mildly

depressed

3 mo PTFE bridge Moderate Glenn Patient deceased N/A

7 3 mo Severe Prolapse of anterior

leaflet, restriction

of septal leaflet,

annular dilation

12 Normal 4 mo Anteroseptal

commisuroplasty

Mild Glenn Transplanted N/A

8 4 mo Moderate Prolapse, mild

dysplasia,

annular

dilation

9 Normal 4 mo Anteroseptal

commisuroplasty

Mild Glenn Normal Mild

9 4 mo Moderate Cleft, prolapse,

annular dilation

10 Normal 5 mo Septal-posterior

and anteroseptal

commisuroplasty

and annuloplasty

Mild Glenn Patient deceased N/A

(Continued)
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TABLE 3. Continued

Patient

Age at

diagnosis

of moderate

TR

Grade of

TR before

replacement

Mechanism of

TR on

preoperative

echocardiogram RVEDp

RV

systolic

function

Age at

repair Technique used

TR on

postoperative

echocardiogram

Concomitant

surgery

RV function

on last

echocardiogram

TR on last

echocardiogram

10 2 mo Severe Data unavailable 10 Normal 4 mo Commisuroplasty,

annuloplasty

Trivial Glenn Patient deceased N/A

11 2 y Moderate Restriction, mild

dysplasia,

annular dilation

10 Normal 3 y Anteroseptal

commisuroplasty,

annuloplasty

Mild None Transplanted N/A

12 3 y Moderate Cleft, annular

dilation

8 Normal 3 y Alfieri repair Mild Fontan Normal Mild to

moderate

13 6 mo Severe Prolapse of anterior

leaflet, restriction

of septal leaflet,

annular dilation

11 Normal 2 y Anteroseptal

commisuroplasty

Mild Fontan Patient deceased N/A

14 3 y Moderate

to severe

Prolapse, annular

dilation

7-9 Moderately

depressed

4 y Edge to edge

anteroseptal and

Kaye-Wooler

posteroseptal

commisuroplasty

Mild Fontan Mildly depressed Mild

15 4 y Moderate Annular dilation 9 Mildly

depressed

4 y DeVega

annuloplasty

with strip of

CardioCel

partially

around anterior

and posterior

leaflets

Mild Fontan Mildly depressed Mild

16 3 y Moderate

to severe

Prolapse, annular

dilation

11 Normal 3 y Alfieri stitch, Kay

annuloplasty

Mild Fontan Normal Mild to

moderate

TR, Tricuspid regurgitation; RVEDp, right ventricular end-diastolic pressure; RV, right ventricle; NA, not available; PTFE, polytetrafluoroethylene.
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Post Fontan 0 repairs, 3 replacements

Fontan

Outcomes

Early Mortality

Mid-Term Mortality

Late Mortality

Transplant

Replacement

None

None

9%

9%

Repair

None

56%

None

6%

5 repairs, 3 replacements

Pre - Fontan 1 repairs, 4 replacements

Glenn 5 repairs, 1 replacement

Pre - Glenn 3 repairs, 0 replacements

Norwood

Tricuspid Valve Surgery in Hypoplastic Left Heart Syndrome

Tricuspid valve replacement is feasible at or beyod second stage palliation in hypoplastic left heart syndrome;
repair feasible at any stage, but outcomes are much worse in earlier stages when repalcement is not possible.

2 repairs, 0 replacements

Retrospective Analysis
January 2007 – June 2021
27 patients with > moderate tricuspid regurgitation
                   Valve repair = 16 patients
                   Valve replacement = 11 patients

FIGURE 3. Mechanical replacement of the tricuspid valve in HLHS is feasible at or beyond second-stage palliation in HLHS; repair is feasible at any stage,

but outcomes are worse in earlier stages when replacement is not possible.

Hoda et al Congenital: Tricuspid Valve
Our patient cohort was homogenous, consisting of those
with HLHS and anatomic tricuspid valves. Overall out-
comes for tricuspid valve replacement were 0% early mor-
tality and 9% late mortality, with complete heart block in 1
patient (9%). Heart block was less common in our cohort
than in the report by Mahle and colleagues,2 perhaps ex-
plained by exclusion of heterotaxy and atrioventricular
discordance in our series. Our patients had no adverse hem-
orrhagic or thrombotic outcomes with anticoagulation
despite a young age at replacement (median 3 years). This
is influenced by a dedicated outpatient cardiology phar-
macy program that allows for close monitoring and adjust-
ments of anticoagulation regimens, but also likely reflects a
still relatively short median follow-up.

Right ventricular systolic function was preserved in 8 of
the 9 transplant-free survivors at a median follow-up of
4 years. One patient with mild systolic dysfunction before
surgery initially developed moderate dysfunction after sur-
gery, perhaps related to surgical heart block and the need for
pacemaker. With goal-directed heart failure therapy, func-
tion has returned to low normal on most recent evaluation.
These data suggest that normal RV systolic function before
AVV replacement may allow for preserved ventricular func-
tion in 80% of patients.
Study Limitations
There are several limitations of the present study,

including a sample size that is relatively small, as would
be expected from a single-center study. Moreover, the
period of study is relatively long, during which time the
approach to such patients has inevitably evolved. In addi-
tion, as mentioned there was no process of standardized de-
cision making for timing and type of intervention for the
repair or replacement group. Perhaps most important, the
study should not be interpreted as a comparison of repair
and replacement because the techniques are reasonable al-
ternatives, nor should it be viewed as an attempt to advocate
for the superiority of replacement versus repair. We
continue to believe that, other things being equal, repair is
superior to replacement.

CONCLUSIONS
If necessary, mechanical replacement of the tricuspid

valve can be accomplished safely with acceptable and
encouraging early and midterm results, despite the
complexity of associated anticoagulant therapy. When un-
dertaken in the setting of normal right ventricular systolic
function, early data suggest ventricular function may be
preserved in most patients.
JTCVS Open c Volume 11, Number C 371
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