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Abstract Objectives Patients with congenital heart disease frequently require surgical or
percutaneous interventional valve replacement after initial congenital heart defect
(CHD) repair. In some of these patients, simultaneous replacement of both semilunar
valves is necessary, resulting in increased procedural complexity, morbidity, and
mortality. In this study, we analyze the outcomes of simultaneous aortic and pulmo-
nary valve replacements following multiple surgical interventions for CHD.

Methods This was a retrospective study of 24 patients who after initial repair of CHD
underwent single-stage aortic and pulmonary valve replacement at our institution
between 2003 and 2021.

Results The mean age of the patients was 28 + 13 years; the mean time since the last
surgery was 15 4 11 years. Decellularized valved homografts (DVHs) were used in nine
patients, and mechanical valves were implanted in seven others. In eight patients,

Keywords DVHes, biological, and mechanical valves were implanted in various combinations. The
= congenital heart mean cardiopulmonary bypass time was 303 + 104 minutes, and aortic cross-clamp
disease time was 152 + 73 minutes. Two patients died at 12 and 16 days postoperatively. At a
= aortic valve maximum follow-up time of 17 years (mean 7 +5 years), 95% of the surviving patients
replacement were categorized as New York Heart Association heart failure class I.
= pulmonary valve Conclusions Single-stage aortic and pulmonary valve replacement after initial repair
replacement of CHD remains challenging with substantial perioperative mortality (8.3%). Neverthe-
= mechanical valve less, long-term survival and clinical status at the latest follow-up were excellent. The
= valve prosthesis valve type had no relevant impact on the postoperative course. The selection of the
= decellularized valves for implantation should take into account operation-specific factors—in particu-
homografts lar reoperability—as well as the patients’ wishes.
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Introduction

Due to advances in the field of congenital heart disease, the
number of adult patients living with congenital heart defects
(adult congenital heart diseases [ACHDs]) is steadily increas-
ing. While primary correction of congenital heart defects in
adults is rare, valve-related reoperations are on the rise in
this patient population and currently account for more than
half of all surgeries in ACHD patientsﬂ'2 The most typical
valve reoperation is pulmonary valve replacement following
the reconstruction of the right ventricular outflow tract
(RVOT) for the correction of conotruncal defects, or Ross
surgery. However, heart defect-dependent or operation-typ-
ical enlargement of the aortic root with progressive aortic
regurgitation often occurs in these patients, necessitating
reoperation of both outlet valves in adulthood.>~® Since most
of these patients have had multiple prior surgeries, com-
bined aortic and pulmonary valve replacement is surgically
challenging.” In addition, the choice of the valve substrate
has far-reaching consequences in terms of possible reopera-
tions and interventions, for example, the pulmonary vessels.
As only few published studies address these issues,”® this
study focuses on the evaluation of our surgical experience
and follow-up results after combined aortic and pulmonary
valve replacement using different valve types.

Patients and Methods

Study Population

This retrospective study included all 24 patients after the
initial repair of congenital heart defects, who subsequently
underwent simultaneous aortic and pulmonary valve replace-
ment at Hannover Medical School between 2003 and 2021. The
study was approved by the Institutional Ethics Committee (IRB
approval #10438). Patients or their legal caregivers provided
written informed consent for inclusion in this study. The
perioperative surgical findings and clinical follow-up data of
all patients were collected in a database (FileMaker 18, File-
Maker Intl., Santa Clara, CA, United States) at Hannover Medical
School. Outcome data were retrieved from the latest report
provided by the outpatient clinic for adults with congenital
heartdefects or by the referring cardiologist. The study focused
on the following clinical outcomes: perioperative (days 0-30)
or late death, intraoperative complications, valve-related reop-
erations, and complications such as endocarditis, thromboem-
bolism or bleeding.

Clinical Management and Operative Technique

The indication for simultaneous prosthetic aortic and pul-
monary valve replacement and the timing of operation were
determined in an interdisciplinary team meeting between
cardiologists and congenital heart surgeons. The indication
for surgery was aortic valve regurgitation or stenosis, with or
without progressive aortic root dilatation, combined with
pulmonary insufficiency or pulmonary conduit dysfunction.
In cases of borderline indications, the patient’s overall prog-
nosis was assessed on an individual basis and a decision was
taken by the team.
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A computed tomography of the thorax with 3D recon-
struction was performed preoperatively to determine the
surgical strategy. In addition, the femoral vessels were
examined by ultrasound to ascertain the feasibility of pe-
ripheral cardiopulmonary bypass (CPB) cannulation. The
operations were performed under general anesthesia via
median re-sternotomy. Antegrade cold blood cardioplegia
(Buckberg) was applied to protect the myocardium. In cases
of decellularized aortic homografts (DAH) implantation, a
free-standing root replacement technique with reimplanta-
tion of the coronaries as buttons was used. The RVOT was
reconstructed with free implantation of the decellularized
pulmonary homograft after the removal of the pulmonary
valve or degenerated conduit. For both anastomoses, proxi-
mal ventricular and distal to the pulmonary trunk, a contin-
uous suture technique was used.

In cases of double mechanical valve implantation, isolated
aortic valve replacement was performed with a mechanical
valve or root replacement with a valved conduit. Subse-
quently, a self-constructed mechanical valved conduit con-
sisting of a mechanical valve fixed in a Dacron prosthesis was
used for RVOT reconstruction. Following surgery, transeso-
phageal echocardiography was routinely performed to eval-
uate valve function.

Postoperative Management

Clinical follow-up included transthoracic echocardiographic
evaluation performed according to the current guidelines of
the American Society of Echocardiography and the European
Association of Cardiovascular Imaging.

In addition to mandatory lifelong endocarditis prophylax-
is for all patients, acetylsalicylic acid therapy of 2 to 3 mg/kg
body weight per day for 6 to 12 months was initiated in
pediatric patients who received double valve replacement
using cell-free homografts. In adult patients, coumarin ther-
apy was recommended for 2 months, followed by antiplatelet
therapy with 100 mg/d acetylsalicylic acid lifelong.

Patients undergoing mechanical aorticand pulmonary valve
replacement were anticoagulated with coumarin with a target
international normalized ratio (INR) between 3 and 3.5.

Results

Preoperative Clinical and Demographic
Characteristics

All patients had previously undergone surgery for congenital
heart defects. Seven patients had Tetralogy of Fallot (TOF)
and had undergone surgical repair with or without previous
palliation. A further six patients had undergone corrective
repair of truncus arteriosus communis. One patient with
d-transposition of the great arteries had previously under-
gone arterial switch repair, and another had combined
congenital aortic and pulmonary valvar stenosis. Eight
patients (33%) initially had single-valve disease: seven
patients with an initial diagnosis of congenital aortic stenosis
underwent a Ross procedure; one patient with the history of
congenital pulmonary stenosis had surgical commissurot-
omy of the pulmonary valve in the neonatal period. The
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mean age of the patients was 28 413 years (4-59 years, 5
were children/adolescents), and the mean time since the last
cardiac surgery was 15 4 11 years. The demographic data for
all patients are summarized in =Table 1.

Intra- and Postoperative Data

All resternotomies were performed without complications.
In three patients, resternotomy was performed only after
CPB was initiated via the femoral vessels. It was the second
sternotomy for 4 (16.5%) patients, the third for 12 (50%), the
fourth for 4 (16.5%), fifth for 3 (12.5%), and sixth for 1 (4%)
patient. The mean CPB time was 303 + 104 minutes, and the
mean aortic cross-clamp time was 152 + 73 minutes.

A combined aortic root and pulmonary valve replacement
using decellularized valve homografts (DVH) was performed
in nine patients, and two mechanical valves were implanted
in seven others. In another eight patients, the heart valve
substrates were used in various combinations. The choice of
valve prosthesis was made by the surgeon in consultation
with the patient or their parents. In 15 patients, (all nine DVH
implantations and six patients with mechanical aortic
valves) an aortic root replacement was performed using
the full root technique with coronary reimplantation.

Eight patients had concomitant procedures, with most
procedures addressing the subvalvular/supravalvular region.
In patient number 3, an unplanned single venous coronary
artery bypass graft was performed on the proximal right
coronary artery due to reduced right ventricular contractility
during CBP weaning. In this patient, a concomitant resection
of the subpulmonary stenosis was also performed through
the right ventricle. In patient number 23, the proximal suture
of the cryopreserved pulmonary homograft was torn out at
sternal closure, which necessitated an immediate reconnec-
tion to CPB. The homograft was repaired with an autologous
pericardium patch. Postoperatively, three patients required
rethoracotomy for bleeding or pericardial tamponade and
one patient received hemofiltration for isolated renal failure.

The mean length of stay in the intensive care unit was
444 days. Two patients died early postoperatively. One
patient died of pulmonary failure with preexisting pulmo-
nary hypertension on the 16th postoperative day. The second
patient (the oldest patient in our cohort, 59 years, repaired
TOF) required additional, scheduled, multicoronary artery
bypass surgery for the current dual-valve operation. His
postoperative course became complicated with cardio-re-
spiratory failure and the need for veno-arterial extracorpo-
real membrane oxygenation support on the 2nd
postoperative day. He died of multiorgan failure and sepsis
on the 12th postoperative day. The intraoperative and post-
operative data are presented in =Table 2.

Follow-up Status of Survivors

The mean observation time was 7 +5 years (range 0.2-17
years). There was no late mortality and no need
for secondary pacemaker implantation during follow-up,
but two valve-related reoperations were required. One re-
operation was related to structural valve degeneration of a
DAH, 5.5 years after implantation (patient number 3). This
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female patient, who in the meantime had two uneventful
pregnancies, underwent uncomplicated mechanical aortic
valve replacement as her sixth open heart procedure. In
the second case, a hemodynamically relevant subpulmonary
stenosis developed in a patient (patient number 12) follow-
ing double mechanical valve replacement. The subpulmo-
nary stenosis was resected, and the mechanical pulmonary
valve was exchanged for a cell-free pulmonary homograft
after 15 years as a fifth heart surgery.

Most of the 22 surviving patients were characterized as
asymptomatic in the midterm follow-ups. Ninety five per-
cent of patients were categorized as New York Heart Associ-
ation (NYHA) functional class I, and one patient had NYHA
class II (5%). One patient who had undergone combined
mechanical valve replacement (patient number 11) experi-
enced a single event of gastrointestinal bleeding, which was
managed conservatively. The other patients did not experi-
ence any thromboembolic or bleeding events. No events of
endocarditis were observed. =Table 3 summarizes the data
of the latest follow-up for all patients.

Discussion

Although valve-related reoperations are the most common
surgical procedures conducted in patients after the correc-
tion of congenital heart defects, combined aortic valve and
pulmonary valve replacement are comparatively rare. In
Holst’s evaluation of multivalve interventions in ACHD
patients, this proportion was 12%.” Conotruncal malforma-
tions, as well as Ross aortic valve replacement, affect both
outlet valves and may ultimately lead to valve replacement of
the aortic and pulmonary valves. More than 80% of our
patients can be assigned to one of these two groups.

Histologically, conotruncal defects display significant
changes in smooth muscle, elastin and collagen, and ground
substance in the aortic media, in addition to RVOT/pulmo-
nary valve pathology.® In truncus arteriosus up to 50% of
patients have at least moderate truncal valve insufficiency,’
which usually results in truncus (aortic) valve replacement
during the course of the disease. In contrast, aortic valve
replacement in TOF is rare. In particular, prolonged volume
loading of the aortic root, such as in late correction after
shunt or pulmonary atresia, is associated with aortic dilata-
tion and correlates with aortic regurgitation.'®'" The litera-
ture reports an incidence of aortic regurgitation of 3.5 to 12%
after Fallot correction.'>'® Ross surgery is undoubtedly
ingenious, but the mortgage of a two-valve disease remains.
The average reoperation rate is 1.1%/y for autografts and
0.91%]y for RVOT, with the timing of Ross surgery in child-
hood associated with significantly worse outcomes,'* lead-
ing to heterogenous results across studies.

The surgical risk for death in simultaneous aortic and
pulmonary valve replacement in our study was 8.4% peri-
operatively with no mortality during follow-up (mean 7 +5
years). Each operation represented an extreme challenge for
the clinical team and required individual planning according
to the three-step strategy model.'> We simulate a “step-by-
step” approach in all complex redo-surgical procedures. A
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Table 3 Postoperative data and outcome

Bobylev et al.

Patents Outcome Late complications Reopertaion NYHA class Follow-up (years)
1 Alive None None | 7

2 Alive None None | 53
3 Alive None AVR (mech, 21 mm) | 5.5
4 Alive None None | 5.9
5 Alive None None | 4

6 Alive None None | 2

7 Alive None None | 2

8 Alive None None | 1.9
9 Alive None None | 0.2
10 Dead - - - -

11 Alive Gastrointestinal bleeding None | 15.6
12 Alive None PVR (DPH, 25 mm) Il 17
13 Alive None None | 9

14 Alive None None | 16
15 Alive None None | 11
16 Alive None None | 12
17 Alive None None | 10.8
18 Alive None None | 6

19 Alive None None | 0.9
20 Alive None None | 0.7
21 Dead - - - -
22 Alive None None | 9.4
23 Alive None None | 2.8
24 Alive None None | 3.5
Mean £+ SD 6.8+5.2

Abbreviations: AVR, aortic valve replacement; DPH, decellularized pulmonary homograft; PVR, pulmonary valve replacement; NYHA, New York

Heart Association..

three-step sequential planning strategy is performed,
comprised of mediastinal re-entry, cannulation for CPB,
and the main procedure. In comparable studies, periopera-
tive mortality ranged from 4.7” to 14%,'® with follow-up
mortality of 11%’ at 5 years and 16%'® to 23%’ at 10 years.
Rather, accurate planning and execution of injury-free rest-
ernotomy and exact situs preparation is key for a successful
surgery. With an average bypass time of 5 hours and a mean
aortic clamping time of 2.5 hours, the intraoperative stress
on the patient’s organism is enormous. Therefore, in our
opinion, the surgical procedure should be clear and meticu-
lously planned even before the start of extracorporeal circu-
lation. To save time, a safe reconstruction, especially of the
aortic valve or root, is preferable;17 otherwise, valve or root
replacement is necessary.

This also needs a preoperative discussion of valve selec-
tion with patients, their parents, and colleagues providing
further treatment postoperatively. Biological heart valves
are favored by the majority of patients as they do not need
permanent anticoagulation, which is needed for mechanical
heart valves. The better durability of mechanical heart valves

Thoracic and Cardiovascular Surgeon © 2023. The Author(s).

comes with a reduced quality of life due to this permanent
medication, which constitutes a small, but constant risk for
thromboembolic events and hemorrhage.

In principle, the choice of the valve in the aortic position
determines the choice for the pulmonary position. Biological
aortic valve replacement was performed in half of our
patients, 75% of these as root replacement in a full root
technique with a cell-free homograft. This choice of the valve
was preferred for children with a growth-related need for
valve replacement, in cases where patients wished to
become pregnant later on, in cases of contraindications for
the administration of vitamin K antagonists, and also
due to lifestyle considerations. In our view, the results we
have published for cell-free homografts justify their use,
especially in children and young adults, in both aortic and
pulmonary positions where suitable homografts are
available.'8-20

Half of the 12 patients with mechanical aortic valve
replacement received this valve as a root replacement.
Contrary to reports in other studies,?' the total number of
prior cardiac surgeries was not a decision criterion for the
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choice of valve, but any aortic root re-replacement with a
surgical mortality of 14%22 should be considered in prosthe-
sis selection.

While all patients with a biological aortic valve replace-
ment also received a biological pulmonary valve prosthesis,
only 7 of the 12 patients with aortic artificial valve replace-
ment received an artificial prosthesis in the pulmonary
position. In all cases, the goal was to avoid further reopera-
tion in these adult patients via strict anticoagulation with an
INR between 3 and 3.5, as mechanical valves in the pulmo-
nary position have been associated with a higher risk for
thromboembolism and valve malfunction.

Transcatheter pulmonary valve replacement would have
been another option for biological pulmonary valve replace-
ment, but discussion within the heart team in this selected
cohort favored surgical valve replacement for multiple rea-
sons, mostly with respect to the appropriate positioning of the
stent-valve and the potential need for extensive prestenting.
The option for future transcatheter pulmonary valve replace-
ment was and is an additional argument for our preference for
biological valves in the pulmonary position.

During the follow-up period, the goal of no reoperation
was achieved in 85.7% of patients. In particular, the meta-
analysis by Dunne has shown, with limited data, that with
strict anticoagulation with vitamin K antagonists, mechani-
cal valves also show good function at least within the first
10 years after implantation.?? Significantly more studies are
available on bioprosthetic pulmonary valves during follow-
up, with long-term outcomes differing primarily by the type
and size of implant and age of recipient in addition to
underlying disease.>* In a multicenter study of 1,278 patients
under 30 years, the median time to retreatment in patients
older than 18 years was 17.7 years. These excellent long-term
results, as well as the future treatment option of percutane-
ous pulmonary valve implantation and the catheter inter-
ventional accessibility of the pulmonary vessels (especially
in patients with TOF/pulmonary atresia), certainly justify the
combination of an artificial valve in the aortic position with a
biological valve prosthesis in pulmonary position, as per-
formed in five patients in our cohort.

In the comparison of the two implant groups with biolog-
ical or mechanical aortic valve implantation, we observed
only a slight advantage in the use of biological valves in
younger patients with a shorter follow-up time. Consequent-
ly, no preference regarding mechanical or biological valve
replacement can be derived from our results.

Limitations

The main limitation of this retrospective study is the small
number of patients from an extremely heterogeneous
patient population. This heterogeneity results from a long
observation period with different treatment options as well
as the range of underlying diseases and the enormous
variation in age at the time of surgery. Due to the formation
of small patient cohorts, valid statistical comparisons
between subgroups are not feasible.

Bobylev et al.

Conclusions

Simultaneous replacement of the aortic and pulmonary
valves is rare but may be necessary, especially in patients
with corrected conotruncal heart defects or after Ross sur-
gery. The surgical risk for these procedures remains at
approximately 8% postoperative 30-day mortality in our
patient population. Important factors for success are accu-
rate planning of the resternotomy as well as the surgical
approach to the affected heart valves. Valve selection should
take into account operation-specific aspects, in particular
reoperability, as well as patients’ priorities regarding life-
style or wish of pregnancy. During the follow-up period of
7 £ 5 years, there were no patient deaths and 95% of patients
were in good clinical condition (NYHA functional class I) at
their last follow-up. As we observed only one conservatively
treated gastrointestinal bleeding secondary to anticoagula-
tion with an artificial valve implant, no clear preference
regarding mechanical or biological valve replacement can
be derived from our results.
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