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Pulmonary Valve Replacement: Twenty-Six Years of
Experience With Mechanical Valvar Prostheses
Hendrik G. Freling, MD, PhD, Ymkje J. van Slooten, MD, PhD,
Joost P. van Melle, MD, PhD, Tjark Ebels, MD, PhD, Elke S. Hoendermis, MD, PhD,
Rolf M. F. Berger, MD, PhD, Hans L. Hillege, MD, PhD, Tjalling W. Waterbolk, MD,
Dirk J. van Veldhuisen, MD, PhD, Tineke P. Willems, MD, PhD, and
Petronella G. Pieper, MD, PhD
Center for Congenital Heart Diseases and Departments of Cardiology, Radiology, Thoracic Surgery, Pediatric Cardiology, and
Epidemiology, University Medical Center Groningen, Groningen; and Interuniversity Cardiology Institute of the Netherlands, Utrecht,
the Netherlands
Background. Although the thromboembolic risk after
pulmonary valve replacement (PVR) with mechanical
valves is presumed to be high, recent studies suggest
promising short-term and mid-term results. However,
large studies reporting long-term mortality and valve-
related complications are missing.

Methods. We describe valve-related complications in
66 patients with a mechanical pulmonary valvar pros-
thesis implanted between 1987 and 2013.

Results. Mean follow-up duration was 5.9 ± 4.8 years
(median 4.9). Mean age at time of implantation was 35 ±
13 years. The most frequent underlying cardiac diagnosis
was tetralogy of Fallot (77%). Valvar thrombosis or pan-
nus was reported in 7 patients (10%) of which 4 in the
setting of inadequate anticoagulation or pregnancy. Redo
PVR was performed in 6 patients. Freedom from redo
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PVR in survivors after 5 and 10 years was 96% and 89%,
respectively. Survival after 5 and 10 years was 91% and
81%, respectively. Main cause of death was end-stage
heart failure.
Conclusions. Success of PVR using mechanical valvar

prostheses over 26 years was limited because of valvar
thrombosis (often in the setting of pregnancy or incom-
pliance with anticoagulation therapy) or pannus. Perfor-
mance of mechanical prostheses in the pulmonary
position may improve when valvar thrombosis is pre-
vented by patient selection, avoiding mechanical valves
in patients at increased risk of valvar thrombosis, and by
strict compliance to anticoagulation therapy.

(Ann Thorac Surg 2015;99:905–10)
� 2015 by The Society of Thoracic Surgeons
any patients with right-sided congenital heart dis-
Mease require a pulmonary valve replacement (PVR)
[1, 2]. Most centers prefer biologic valvar prostheses like
allografts (homografts) in the pulmonary position as the
risk of thrombosis is low and no anticoagulation is
needed while deterioration rate is lower than in left-sided
bioprostheses. Ultimately however, progressive dysfunc-
tion of tissue prostheses will inevitably lead to repeat PVR
given enough life expectancy. Freedom from reoperation
on pulmonary allografts (which are in short supply)
seems to be superior to the more readily available stented
xenografts depending on age, anatomy, and prior pro-
cedures [3–8]. Mechanical valvar prostheses may be an
alternative as they have the advantage of long-term
durability [9]. However, mechanical valves in the pul-
monary position are assumed to have a high risk of
thromboembolic complications.

A previous study from our institution [10], as well as
other recent studies [11–17], has indicated that with
aggressive anticoagulation therapy (international
normalized ratio [INR] 2.5 to 4.5) pulmonary mechanical
prostheses may be used with low complication rate.
However, most of these studies are small or the number
of patients with longer follow-up is limited. Data con-
cerning long-term survival as well as thromboembolic
and bleeding complications are still scarce. This has
prevented a wider acceptance of the use of mechanical
prostheses in the pulmonary position [1, 2].
Since our last report [10] the number of patients with a

mechanical valvar prosthesis in our institution has more
than doubled and follow-up duration has increased. The
objective of the current study was to present results
concerning our experience during 26 years of PVR with
mechanical valvar prostheses.
Patients and Methods

Study Population
Sixty-eight mechanical PVRs in 66 patients (from a total of
333 PVRs [20%]) were performed in our department from
February 1987 through April 2013. This retrospective
study was approved by the University Medical Center
0003-4975/$36.00
http://dx.doi.org/10.1016/j.athoracsur.2014.10.034
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Table 1. Underlying Heart Disease and Main Indication for
Pulmonary Valve Replacement

Variable n (%)

Diagnosis
Tetralogy of Fallot 51 (77%)
Pulmonary valve stenosis 5 (8%)
Truncus arteriosus 4 (6%)
Pulmonary valve atresia 3 (5%)
Ross procedure after endocarditis aortic valve 2 (3%)
Congenitally corrected transposition of the great

arteries
1 (2%)

Main indication
Pulmonary valve regurgitation 45 (66%)
Pulmonary valve stenosis 5 (7%)
Mixed pulmonary valve stenosis and regurgitation 6 (9%)
Late discovered tetralogy of Fallot 1 (2%)
Deterioration of previous bioprosthetic valve 9 (13%)
Dysfunction previous mechanical valve 2 (3%)

Underlying cardiac diagnosis in 66 patients and indication for 68 valve
replacements.

906 FRELING ET AL Ann Thorac Surg
MECHANICAL PVR: 26 YEARS OF EXPERIENCE 2015;99:905–10

C
O
N
G
EN

IT
A
L
H
EA

R
T

Groningen review board. Informed consent was not
required according to the Dutch Medical Research
Involving Human Subjects act.

Pulmonary Valve Replacement Procedure
The selection of type of prosthesis at time of surgery was
decided by a multidisciplinary team based on patient
characteristics and informed patient preference. Patients
who expressed their wish not to be subjected to the cer-
tainty of repeated procedures were considered candidates
for a mechanical prosthesis as well as patients with a high
reoperation risk or patients who already had an indica-
tion for permanent anticoagulation therapy (vitamin K
antagonists). The PVRs were performed through a me-
dian sternotomy and subsequent cannulation of the
ascending aorta and caval veins. In 15 (22%) procedures,
cardiopulmonary bypass was established before sterno-
tomy with cannulation of femoral artery and vein. The
aorta was cross-clamped in 19 (28%) procedures.

After PVR, all patients were regularly followed up
by a pediatric or adult cardiologist with specific
expertise in congenital heart disease. Patients with a
mechanical prosthesis were anticoagulated with vitamin
K antagonists (acenocoumarol or phenprocoumon) aim-
ing for an INR ranging from 2.5 to 4.0 (depending on the
time period). The level of INR was routinely checked and
managed by either the patient, health professionals, or
specialized laboratories.

Data Collection and Analysis
Demographic, preoperative, intraoperative, and follow-
up data were obtained from medical records. Mortality
and morbidity after PVR were reported according to
guidelines [18]. Magnetic resonance imaging (MRI)
scans were performed at the discretion of the cardiolo-
gist. The MRI scans were done using a 1.5-Tesla MRI
system (Siemens Magnetom Sonata or Avanto, Erlan-
gen, Germany) using a 2 � 6 channel body-coil. End-
diastolic (EDV) and end-systolic volumes (ESV) were
indexed to body surface area (mL/m2). Descriptive sta-
tistics were calculated for all measurements as mean
and standard deviation for normally distributed
continuous variables, median with interquartile range
for skewed continuous variables, and absolute numbers
and percentages for dichotomous variables. Follow-up
was calculated from date of PVR to date of last con-
tact, redo PVR, or death. Survival was calculated using
life tables (cumulative survival proportion and standard
error [SE]) and presented as Kaplan-Meier graphs. All
statistical analyses were performed using the statistical
software package IBM SPSS Statistics version 20.0 (SPSS
Inc, Chicago, IL).
Results

Baseline Characteristics
The study population consisted of 40 males (61%) and 26
females, with a mean age of 35 � 13 years at time of
implantation. Cardiac diagnoses and main indications for
PVR are shown in Table 1. The predominant diagnosis in
this cohort was Fallot (TOF; 77%). A PVR was mainly
performed because of severe pulmonary regurgitation in
patients after repair of TOF. All patients except 1 (2%) had
previous sternotomies, of which 39 (59%) patients had 1,
18 (27%) 2, 7 (11%) 3, and 1 (2%) patient 4 previous ster-
notomies. Concomitant tricuspid valve annuloplasty was
performed in 19 patients (28%) who had significant
tricuspid valvar regurgitation in order to prevent further
tricuspid dilatation and possible progressive right ven-
tricular dysfunction [2]. At time of valve implantation 2
(3%) patients had a previous implanted internal
cardioverter-defibrillator. During follow-up 13 (20%)
additional patients received an internal cardioverter
defibrillator because of high risk of sudden death. New
York Heart Association class at time of PVR, available in
58 patients, was 3 or 4 in 13 (22%) patients. Right ven-
tricular function (as judged subjectively on echocardiog-
raphy, available in 62 patients), was moderately or
severely diminished in 12 (19%) patients. Recent MRI
data post-PVR over the past 5 years were available in 25
patients (38%) who were all survivors up to 2014. The
mean indexed EDV was 106 � 24 mL/m2, mean indexed
ESV was 62 � 18 mL/m2, and the mean right ventricular
ejection fraction was 0.42 � 0.07.
Bileaflet mechanical valves were used in all patients, 37

(54%) St. Jude Medical prostheses, 15 (22%) ATS pros-
theses, 11 (16%) Carbomedics prostheses, 1 (2%) Duro-
medics prostheses, and 4 (6%) ON-X prostheses. Mean
labeled size of the prostheses was 24.0 � 1.8 mm.
Concomitant cardiac surgery was performed in 37 (54%)
patients of which most frequently were tricuspid valvar
annuloplasties (Table 2). Twelve women between the age
of 18 and 35 years received a mechanical prosthesis,
mainly because they were on vitamin K antagonists
already or expressed no desire for future pregnancy.



Fig 1. Ten-year freedom from redo pulmonary valve replacement
(PVR) after 68 mechanical PVRs in 66 patients.

Table 2. Concomitant Procedures Performed During
Pulmonary Valve Replacement Procedure

Concomitant Cardiac Surgerya n (%)

Tricuspid valve annuloplasty 19 (28%)
Total correction tetralogy of Fallot 1 (2%)
Redundant right ventricular muscle band cleavage 1 (2%)
Right ventricular trabeculectomy 1 (2%)
Atrial septal defect repair 4 (6%)
Right atrial reconstruction 1 (2%)
Residual ventricular septal defect repair 4 (6%)
Aortic valve replacement 3 (4%)
Aortic valve repair 1 (2%)
Paraaortic valvar leakage repair 1 (2%)
Supracoronary aorta ascendens replacement 1 (2%)
Coronary fistula 1 (2%)
Mitral valve replacement 3 (4%)
Mitral valve repair 1 (2%)
Pacemaker 5 (7%)
Maze 2 (3%)
False retrosternal aneurysm 1 (2%)
Persistent left caval vein tunnel reconstruction 1 (2%)

a Some patients had more than 1 concomitant procedure.
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Valvar Thrombosis and Pannus
Described below are the 7 patients (10%) who encoun-
tered prosthetic valvar obstruction that necessitated
intervention: 1 had successful thrombolysis, while 6 had a
redo PVR (9%). Freedom from re-PVR was 96% (SE 3%)
and 89% (SE 5%) at 5 and 10 years, respectively (Fig 1).
The incidence of pulmonary mechanical valvar throm-
bosis was 1.5% patients/year.
PATIENT 1. A 39-year-old female with a history of Ross
procedure performed elsewhere after endocarditis of the
aortic valve at the age of 22. One-month later the auto-
graft was replaced (St. Jude 23). Nine years later mitral
valve replacement (St. Jude 29) and redo PVR (St. Jude 23)
were necessary. Despite negative advice in the light of
these 3 mechanical valves and 3 previous caesarean sec-
tions, she became pregnant. She developed valvar
thrombosis at 18 weeks pregnancy while being treated
with fixed dose low molecular weight heparin without
anti-factor Xa monitoring [19]. Urokinase and heparin
dissolved the thrombus and did not result in bleeding or
other complications in the patient or fetus.
PATIENT 2. A 42-year-old female with TOF repaired at the
age of 8 with a transannular patch. Six months after initial
PVR (St. Jude 23), valvar thrombosis rendered the pros-
thesis dysfunctional. The lowest reported INR since the
PVR was 2.5. Re-PVR with a Carpentier-Edwards 23
bovine pericardial bioprosthesis was performed after
unsuccessful thrombolysis.
PATIENT 3. A 37-year-old male with TOF repaired at the age
of 3 with a transannular patch. At the age of 31 he un-
derwent PVR with an ATS 27 valvar prosthesis. After
release from a penitentiary facility he withdrew from
follow-up and stopped taking acenocoumarol on his own
accord. After 2 years of absence he reappeared with
complaints of exertional dyspnea caused by prosthetic
valvar dysfunction and segmental pulmonary embolisms
due to valvar thrombosis. He underwent re-PVR with a
Carpentier-Edwards 25 bovine pericardial bioprosthesis 6
years after his initial PVR.
PATIENT 4. A 31-year-old male with a history of repaired
TOF at the age of 2 with a transannular patch. At the age
of 25 he underwent a PVR with an ATS 25 valvar pros-
thesis. After inadequate oral anticoagulation therapy
because of insufficient compliance, valvar thrombosis
led to dysfunction of 1 valvar leaflet. Adequate anti-
coagulation did not dissolve the thrombus. A re-PVR was
performed using a Carpentier-Edwards 23 bovine peri-
cardial bioprosthesis 6 years after his initial PVR.
PATIENT 5. A 47-year-old female with a history of pulmo-
nary valvar atresia, an arterial duct, and an atrial septal
defect who was initially treated by a Brock valvotomy at
the age of 2. Eight years later she had a full repair
including another valvotomy and closure of her atrial
septal defect and arterial duct. At the age of 37 she un-
derwent a PVR with a St. Jude 23 valvar prosthesis. In the
tenth year after PVR the transvalvar gradient of the me-
chanical valve increased. A redo PVR with a mechanical
valvar prosthesis was performed with a St. Jude Regent
23 in a vascular prosthesis in an attempt to preclude
ingrowth of tissue. The surgeon described a large mass of
tissue situated in the right lateral hinge that looked more
like an organized thrombus than pannus. Pathology
confirmed the diagnosis of a mix of valvar thrombosis and
pannus.
PATIENT 6. A woman with a history of an atrioventricular
(AV) septal defect and TOF that was repaired at the age of
6 and was complicated by endocarditis that destroyed her
left AV. This necessitated a left AV replacement (Duro-
medics 25) and a PVR (Duromedics 21). Thirteen years
after the first PVR pannus rendered 1 mechanical leaflet
immobile, which dictated a re-PVR with another me-
chanical prosthesis (St. Jude 23) at the age of 20 years.



Fig 2. Ten-year survival of 66 patients with mechanical pulmonary
valve replacements (PVRs).
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Nine years later the patient underwent a heart transplant
due to end-stage heart failure, but complications during
the operation proved to be fatal.
PATIENT 7. A 31-year-old female with a history of repaired
TOFat the age of 3. Sheunderwent PVRat the age of 24with
a St. Jude 23 prosthesis. Eight years after PVR a caesarean
section was performed which was complicated by severe
postoperative bleeding. A relaparotomy was performed
and unfractionated intravenous heparin (which she used
prior to the caesareansection)needed tobediscontinued for
24 hours. She subsequently developed a malfunctioning
pulmonary valvar prosthesis due to a thrombus. Because
she had a contraindication for thrombolysis (high bleeding
risk after recent caesarean section and relaparotomy), she
was treated with redo PVR using an allograft.

Mortality
A total of 12 patients died, of which 2 patients in-hospital
after the PVR (3%): 1 patient died 5 days after the oper-
ation due to an ischemic cerebrovascular accident and
another patient died of sepsis after dialysis. There were 10
late deaths (15%) ranging from 0.5 to 20 years post-
operatively. Two patients suffered a sudden death and 1
patient eventually died of a malignancy. Six patients died
of end-stage heart failure, including 1 death during car-
diac transplantation 9 years after a redo PVR for pros-
thetic pannus (patient no. 6 in the descriptive section).
Finally, 1 patient died of massive pulmonary hemor-
rhaging after an unexpected INR of greater than 7. She
was a 36-year-old female born with a truncus arteriosus
that was palliated with a pulmonary artery banding in
1964 when she was 5. She underwent repair 10 years later
with a Hancock valved conduit. She had endocarditis 1
year later that led to replacement of the valved conduit
with an identical one. At the age of 23 this conduit was
replaced by an allograft and she had an aortic valve
replacement with a Bj€ork-Shiley 31 prosthesis. At the age
of 33 the pulmonary allograft was replaced by a Carbo-
medics 25 and the aortic Bj€ork-Shiley prosthesis was
replaced electively by a Carbomedics 29 because of the
risk of fracture of the prosthesis. The choice for a pul-
monary mechanical prosthesis was dictated by the pres-
ence of an aortic mechanical prosthesis in combination
with multiple previous surgeries. As she also had an
aortic valve mechanical prosthesis that required anti-
coagulation, her death was not strictly attributable to the
mechanical pulmonary valve.

Total time-related survival in this mixed group of pa-
tients after the first mechanical pulmonary valvar pros-
thesis at 5 years was 90% (SE 4%) and at 10 years 76% (SE
7%), Figure 2. Concomitant tricuspid valvar annuloplasty
(n ¼ 19) or tricuspid valve replacement (n ¼ 1) had been
performed in 9 (69%) of the 13 deceased patients
compared with only 20% in 56 survivors (p < 0.001).
Comment

We now present the second largest series thus far on PVR
using mechanical valvar prostheses. Our early experience
with pulmonary mechanical valvar prostheses was
promising and the use of mechanical valves was sug-
gested to be a strategy to prevent future redo PVRs [10].
We now report 10% valvar obstruction including valvar
thrombosis in patients with mechanical prostheses
necessitating 9% re-PVRs during our experience of 26
years. The freedom from re-PVR rate in patients with a
mechanical valve prosthesis at 5 and 10 years was 96%
and 89%, respectively. Other recent studies [10–17], with a
total of almost 390 mechanical valvar prostheses, also
reported promising results with a combined reported
incidence of redo PVR of 4.4% (95% confidence interval
[CI], 2.5% to 7.1%) (Table 3). Comparison with cohorts of
patients with xenografts or allografts in the pulmonary
position is hazardous because our cohort is selected, has a
high number of previous sternotomies, and a high inci-
dence of right ventricular failure. In addition, the cardiac
anatomy of our patients is not as straightforward as in
cohorts describing primary Ross procedures. Nonethe-
less, our redo PVR rate is better than the 10-year freedom
from reoperation recently reported for xenografts (52% to
86%) [7, 8], but worse than reported for allografts in
young adults after a Ross procedure (95% to 96%) [5, 6].
Risk factors for biologic graft failure include high pul-
monary arterial pressure, small prosthesis size, and
young age [20]. The main advantage of mechanical valvar
prostheses compared with biologic valvar prostheses
should be the durability, in contrast with tissue valves
that can all be expected to fail at some point. This is of
special importance in patients with a high surgical risk or
a desire to avoid future operations (for instance because
of a history of multiple sternotomies with risks of adhe-
sions) [21]. The predominant prosthesis-related compli-
cation that necessitated re-PVR in our cohort was
mechanical valvar thrombosis, of which most cases
occurred in the setting of inadequate anticoagulation or
pregnancy. Mechanical valvar prostheses in the pulmo-
nary position have higher rates of valvar thrombosis than
left-sided prostheses, which could be due to lower
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prosthetic hinge leakage related to the much lower
pressures in the right-sided circulation [22]. Anti-
coagulation therapy is therefore imperative but carries
the risk of bleeding complications. In our series the
prevalence of major bleeding events was, however low
(3%). Important is that even patients who correctly follow
a strict anticoagulation regimen can face a situation in
which anticoagulation has to be discontinued because of
bleeding (ie, our patient no. 7 with bleeding complica-
tions after caesarean section).
In this study a selection bias is present as patients with

more advanced ventricular disease were more likely to
receive a mechanical valvar prosthesis than a biologic
prosthesis in order to prevent future re-PVR. Compared
with another adult population [23] in the Netherlands
with repaired TOF and a homograft PVR, the RV volumes
measured by MRI in our cohort were significantly larger
(mean indexed EDV 106 mL/m2 vs 87 mL/m2, p ¼ 0.002;
mean indexed ESV 62 mL/m2 vs 39 mL/m2, p < 0.001).
Patients who died of heart failure or sudden death all had
their PVR before 2001, when timing of the PVR was not
guided by MRI measurements of right ventricular vol-
umes. As all these patients needed a tricuspid valvar
repair, the right ventricle may already have been irre-
versibly dilated and dysfunctional in these cases. The
overall survival at 5 and 10 years in our cohort was 91%
and 81%, respectively, which is lower than the reported
survival in young adult patients with pulmonary bio-
prostheses (95% to 97% at 5 years and 87% to 95% at 10
years) [5–8, 24]. None of our patients died as a direct
result of mechanical valvar thrombosis.
The development of transcatheter-delivered valves

provides a viable option in patients with congenital heart
disease. However, a possible disadvantage may be that a
transcatheter-delivered valve is a valve-in-valve proce-
dure; therefore, patient-prosthesis mismatch may pose a
certain risk and necessitate future reoperations, particu-
larly in young patients. Only relatively short-term results
are available of valve-in-valve procedures, so that longer
term results remain an area of speculation. Current
technical success rates of transcatheter-delivered pul-
monary valves within a pulmonary artery conduit surpass
90% with a procedural mortality of less than 1% [25].
Therefore, in a large proportion of patients their primary
choice for a pulmonary valvar prosthesis will be a biologic
valve. But based on our own as well as previously re-
ported series we believe that there is a subpopulation of
patients in whom mechanical valves will likely outper-
form bioprostheses.
Suitable candidates for a mechanical PVR in our view

are patients who already have an indication for perma-
nent anticoagulation therapy (vitamin K antagonists),
and patients with a high reoperation risk (ie, multiple
previous sternotomies), particularly when the size of the
pulmonary annulus prevents transcatheter valvar im-
plantation. Our current policy is to avoid implantation of
a mechanical valve in the pulmonary position in patients
in whom the risk of noncompliance with anticoagulation
therapy is foreseen, in young women of fertile age who
may wish to become pregnant, in patients who may need
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future reintervention for pulmonary arterial stenoses, or
patients who have a (relative) contraindication for anti-
coagulation therapy [9, 19].

Mechanical pulmonary valve replacement remains a
viable and promising option for patients in the absence of
major contraindications. It is of great importance to assess
the thromboembolic and bleeding risks before implanting
a mechanical valvar prosthesis and to create awareness in
the patient that incorrect INR levels can lead to severe
complications, including bleeding complications, or redo
PVR because of valvar thrombosis.

This study is supported by a grant from the Netherlands Heart
Foundation to P.G.P. (2009B013).
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