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A b s t r a c t

Background: Surgery of the pulmonary valve, right ventricular outflow tract, and pulmonary artery falls under the domain 
of paediatric cardiac surgery. However, 97 adult patients underwent such operations in our institution from 1993 to 2016. 

Aim: This study aims to analyse preoperative risk factors, intraoperative data, postoperative outcomes, and long-term survival 
to identify the potential predictors of mortality and high-risk patients.

Methods: We divided our patient cohort into three groups in accordance with surgical indications: 17 patients with pulmonary 
valve endocarditis (group A), 70 patients with congenital defects involving the pulmonary valve (group B), and 10 patients 
who underwent pulmonary valve surgery for other indications, such as tumour or other acquired valvular disease (group C).

Results: Gender distribution was comparable in all the three groups, with about 40% of the total number of patients being 
female. The mean age was 35.9 ± 15.7 years. Sixty (61.9%) patients had a history of cardiac surgery. Various concomitant 
cardiac surgical procedures were necessary in 49 (50.5%) cases. There were two (11.8%) in-hospital deaths in group A, two 
(2.9%) in group B, and none in group C. Within the mean follow-up time of 6.6 ±7.2 years, three (17.7%) patients in group A,  
two (2.9%) in group B, and four (40%) in group C died.

Conclusions: Adult patients with pulmonary valve disease are often previously heart-operated and often need concomitant 
procedures. The operative risk in patients with pulmonary valve endocarditis is high. Surgery of congenital defects of the 
pulmonary valve is safe and can be performed with excellent outcomes. 
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INTRODUCTION
The right ventricular outflow tract (RVOT), pulmonary valve 
(PV), and pulmonary artery (PA) develop together and make 
up one anatomical unit; therefore, congenital malformations 
of one of these structures can affect the others [1]. Operations 
in this area of the heart principally fall under the domain of 
paediatric cardiac surgery. However, of late, the survival of 
patients after surgical treatment for congenital heart disease 
(CHD) has remarkably improved, while the number of adults 
undergoing such procedures is always increasing, forming 
the so-called ‘grown-up with CHD (GUCH)’ population [2]. 
Some of these patients must undergo a redo heart surgery. The 

most frequent reasons are new haemodynamic complications  
occurring after the initial surgery, change of the therapeutic  
option from palliation to correction, and no prior correction [2].  
Congenital malformations affecting the RVOT, PV, and PA are 
relatively frequent among GUCH patients [3]. 

The above-mentioned heart structures can also be af-
fected by acquired diseases in adult patients. Some of them 
must be treated surgically. Infective endocarditis (IE) of 
right-sided heart valves accounts for as much as 5–10% of all 
cases of IE. In most patients, the tricuspid valve is involved, 
while isolated infection of the PV is infrequent. Intravenous 
antibiotics are the therapy of choice, but surgery must be 
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considered in cases of right-sided heart failure, failed anti-
microbial therapy, large vegetation, or when other surgical 
indications are present [4]. 

Patients after implantation of the prosthetic or homograft 
PV can develop a graft failure. This special group consists 
partially of patients who received the Ross procedure due 
to either congenital or acquired aortic valve disease. Some 
of them must undergo redo surgery. However, failure of the 
pulmonary homograft is a rare indication [5]. 

Structural pathologies of the PA, such as aneurysms or 
stenosis, are infrequent in the adult population and are often 
associated with CHD [6, 7]. Cardiac tumours in this location 
are extremely uncommon and mostly malignant [8]. 

To our knowledge, no study has so far compared the risk 
factors and outcomes after PV surgery in adults for various 
indications. We report 97 patients undergoing PV surgery in 
our institution over a 23-year period with a follow-up time 
of up to 23.4 years. Our study shows distinct differences 
in the postoperative outcomes in accordance with opera-
tive indications.

METHODS
Patient population

We included 97 consecutive patients who underwent surgery 
of the PV, RVOT, and PA in the Department of Cardiac Surgery, 
Heart and Marfan Centre — University of Heidelberg from 
1993 to 2016. Overall, the mean age was 35.9 ±15.7 years, 
and 40 (41.2%) of them were female. We divided our patient 
cohort into three groups. Group A consisted of 17 patients 
undergoing surgery for PV endocarditis. The other two groups 
included patients with non-infective pathologies: 70 patients 
who were initially diagnosed with CHD affecting the PA, PV, 
or RVOT (group B) and 10 patients who were operated on  
because of various other PA, PV, or RVOT pathologies (group C).  
We analysed the preoperative data including a type of the 
RVOT, PV, or PA disease, previous cardiac procedures, pres-
ence of cardiogenic shock, coronary artery disease, hyperten-
sion, or diabetes. We also took into consideration the surgical 
data, such as procedures performed on the above-mentioned 
heart structures, concomitant procedures, and duration of 
the surgery, of the cardiopulmonary bypass, and of the aortic 
cross-clamp. Additionally, we analysed patients’ clinical out-
comes, and long-term survival.

Surgical procedures
Median sternotomy was the approach of choice in all cases. All 
the patients were operated with use of cardiopulmonary 
bypass. One patient underwent a hybrid-procedure because 
of severely calcified PV-prosthesis. In this case, there was 
no possibility to replace the valve conventionally and we 
implanted a transcatheter aortic valve implantation-valve 
(Sapien) through a right ventricle puncture.

Definitions
Postoperative respiratory insufficiency was defined as the need 
for reintubation or total mechanical ventilation for longer than 
72 h. Postoperative renal failure was defined as a new start 
of dialysis or elevation of creatinine level > 1 mg/dL over the 
preoperative level. Postoperative stroke was defined as new 
neurological deficit. In-hospital mortality was defined as any 
death occurring after surgery until hospital discharge.

Statistical analysis 
We used SPSS software version 24 (IBM Corp.) for statistical 
analysis. Categorical variables were described as absolute 
values and percentages, while continuous variables were 
reported using mean ± standard deviation. Survival rates 
were expressed using a Kaplan-Meier curve. The differences 
of survival in the analysed subgroups were assessed with the 
Log Rank and Breslow test. We used Cox regression analysis 
to assess the predictors of mortality. The hazard ratio (HR) 
and 95% confidence intervals (CI) were calculated in relation 
to each analysed variable. The mean values were compared 
with the Mann-Whitney U test because of the small cohort 
and lack of normal distribution of values in small subgroups.

RESULTS
The preoperative and intraoperative data are presented in 
Tables 1–4.

In group A, endocarditis patients (n = 17) were 
44.2 ± 20.1 years old and seven (41.2%) of them were 
female. Seven (41.2%) patients had a history of cardiac sur-
gery performed, on average, 7.3 ± 6.3 years earlier. In five 
(29.4%) of them, the previous surgical procedures involved 
the PV and RVOT. Of these five patients, four had CHD. 
Three (17.7%) patients were diagnosed with a prosthetic PV 
endocarditis. Eight (47%) patients presented with cardiogenic 
shock. Three (17.7%) patients were intravenous drug users, 
and one (5.9%) of them had HIV infection. 

Simple removal of the vegetation was performed in 
four (23.6%) cases. In two (11.8%) cases of multiple valve 
endocarditis, the PV was inspected and IE of the valve was 
intraoperatively ruled out. In two (11.8%) patients, the infec-
tion was limited to the native PV in an otherwise anatomically 
normal heart. In six endocarditis patients, the RVOT was 
augmented with a patch. Concomitant operations of other 
valves were performed because of multiple valve infections 
in 11 patients. Three (17.7%) patients received aortic root 
replacement due to extensive infection. Aortic valve replace-
ment (AVR) as the only concomitant procedure was necessary 
in one case. AVR combined with explantation of an infected 
pacemaker and tricuspid valve reconstruction was carried 
out in one patient, AVR with coronary artery bypass grafting 
(CABG) in another one, and AVR with mitral valve replace-
ment (MVR) in two others. MVR as the only concomitant 
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Table 1. Preoperative patient characteristics

Characteristics Endocarditis Congenital Others

Demographic data

Number of patients 17 70 10

Age [years] 44.2 ± 20.1 31 ± 11.4 55.8 ± 12.7

Female 7 (41.2%) 29 (41.4%) 4 (40%)

Body mass index [kg/m2] 24.4 ± 6.29 23.6 ± 4.5 26.7 ± 3.5

Cardiogenic shock 8 (47%) 2 (2.9%) 1 (10%)

Preoperative diagnosis

Native PV endocarditis 12 (70.6%)

Endocarditis of prosthetic PV 3 (17.7%)

Other valve endocarditis with intact PV 2 (11.7%)

PV stenosis 7 (10%)

PV regurgitation 27 (38.6%) 2 (20%)

PV stenosis and regurgitation 5 (7.1%)

Homograft degeneration after Ross procedure 2 (20%)

Bioprosthetic PV degeneration 11 (5.7%)

Dysfunction of mechanical prosthetic PV 1 (1.4%)

PV thrombus 1 (10%)

RVOT obstruction 4 (5.7%)

RVOT and LVOT obstruction with hypertrophic cardiomyopathy  1 (10%)

Suspected RVOT 1 (1.4%)

Insufficiency of RV–PA shunt 1 (1.4%)

Complex congenital defect 13 (18.6%)

PV tumour 1 (10%)

PA tumour 3 (30%)

Recent heart operation 
(also, as performed in various combinations)

7 (41.2%) 50 (71.4%) 3 (30%)

AV conduit implantation 1 (5.9%) 2 (2.9%)

AV replacement 1 (5.9%)

PV conduit implantation 1 (1.4%)

PV prosthesis implantation 3 (17.7%) 1 (1.4%)

PV commissurotomy 1 (5.9%) 11 (15.7%)

Correction of TOF 2 (11.8%) 34 (48.6%)

Correction of double outlet right ventricle 1 (1.4%)

Balloon-valvuloplasty of homograft PV 1 (1.4%)

RVOT enlargement 5 (7.1%)

Ross operation 2 (20%)

Central shunt implantation 1 (1.4%)

Closure of VSD 1 (5.9%)

TV replacement 1 (1.4%)

Coronary artery bypass grafting 1 (5.9%)

PA tumour resection 1 (10%)

The most recent heart surgery before [years] 7.3 ± 6.3 19.1 ± 9.1 6.4 ± 2.5

Data are shown as mean ± standard deviation or number (percentage). AV — aortic valve; LVOT — left ventricular outflow tract; PA — pulmonary 
artery; PV — pulmonary valve; RV — right ventricle; RVOT — right ventricular outflow tract; TOF — tetralogy of Fallot; TV — tricuspid valve;  
VSD — ventricular septal defect
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Table 2. Performed procedures

Surgical procedures (also, as performed  

in various combinations)

Endocarditis Congenital Others

PV surgery 17 (100%) 63 (90%) 8 (80%)

Implantation of mechanical conduit 2 (11.7%) 1 (1.4%) 1 (10%)

Implantation of biological conduit 3 (17.7%) 2 (2.9%) 1 (10%)

Homograft valve implantation 1 (5.9%) 24 (34.3%) 2 (20%)

Implantation of mechanical valve prosthesis 4 (23.6%) 6 (8.6%)

Implantation of biological valve prosthesis 1 (11.7%) 18 (25.7%) 2 (20%)

Hybrid transcatheter valve implantation 1 (1.4%)

Rotation of mechanical PV prosthesis 1 (1.4%)

Commissurotomy 7 (10%)

Other types of valve repair 3 (4.2%)

Removal of vegetation 4 (23.6%)

Resection of valve tumour 1 (10%)

Inspection 2 (11.7%)

RVOT surgery 6 (35.3%) 39 (55.7%) 2 (20%)

Muscle bundle resection 5 (7.1%)

Patch implantation 6 (35.3%) 17 (24.3%) 1 (10%)

Muscle bundle resection and patch implantation 17 (24.3%) 1 (10%)

PA surgery 1 (5.9%) 15 (21.4%) 4 (40%)

Enlargement of main PA 1 (5.9%) 7 (10%)

Enlargement of left or right PA 7 (10%)

Reduction 5 (7.1%) 1 (10%)

Tumour resection 3 (30%)

Concomitant surgery 12 (70.6%) 31 (44.3%) 6 (60%)

Coronary artery bypass grafting 1 (5.9%) 2 (2.9%) 4 (40%)

AV conduit implantation 3 (17.7%) 1 (1.4%)

AV replacement 5 (29.4%) 1 (1.4%)

MV replacement 3 (17.7%)

TV reconstruction 2 (11.7%) 5 (7.1%) 1 (10%)

Pacemaker explantation 1 (5.9%)

Closure of recurrent VSD 1 (5.9%) 8 (11.4%)

Closure of primary VSD 7 (10%)

Closure of atrial septal defect 8 (11.4%)

LVOT muscle resection 1 (10%)

Closure of patent ductus arteriosus 1 (1.4%)

Closure of coronary fistula 1 (1.4%)

TV replacement 2 (5.9%) 2 (2.9%)

Aortic arch enlargement 2 (2.9%)

TV tumour resection 1 (1.4%)

Lung lobar resection because of complicated tuberculosis 1 (1.4%)

Central shunt removal 1 (1.4%)

Reduction of aorta ascendens 1 (1.4%)

Data are shown as number (percentage). AV — aortic valve; LVOT — left ventricular outflow tract; MV — mitral valve; PA — pulmonary artery;  
PV — pulmonary valve; RV — right ventricle; RVOT — right ventricular outflow tract; TV — tricuspid valve; VSD — ventricular septal defect
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Patients with endocarditis received significantly more 
blood product transfusions than the other, including packed 
red blood cells (p < 0.001), blood platelets (p = 0.012), and 
fresh frozen plasma (p = 0.004). In all cases of intraoperatively 
confirmed IE, material for microbiological examination was 
obtained (Table 5). Staphylococcus was the most common 
pathogen. 

Group B comprised 70 patients aged 31 ± 11.4 years 
and they were significantly younger than the patients in the 
two other groups (p < 0.001). As many as 29 (41.4%) of them 
were female, while 50 (71.4%) had already experienced heart 
operations, on average, 19 ± 9.1 years previously. The time 
interval between the most recent surgical intervention and 
reoperation considered in this study was significantly longer 
than that in the two other groups (p < 0.001). The most com-
mon previous cardiac procedures were correction of tetral-
ogy of Fallot (TOF; n = 34, 48.6%) and PV commissurotomy 
(n = 11, 15.7%). Patients with previous TOF correction had 
been surgery-free for 19.3 ± 9.2 years. The most frequent 
preoperative diagnoses in this subgroup were native PV 
regurgitation (n = 27, 38.6%), complex congenital diseases 
affecting the PV or RVOT (n = 13, 18.6%), and bioprosthetic 
PV degeneration (n = 11, 5.7%). Two (2.9%) patients of this 
group presented with cardiogenic shock. PV surgery was per-
formed in 63 (90%) cases. The most frequent procedure was 
homograft (n = 24, 34.4%) or bioprosthetic valve (n = 18, 
25.7%) implantation. Concomitant procedures were carried 
out in 31 (44.3%) cases, mostly because of accompanying 
congenital malformations such as atrial septal defect, ven-
tricular septal defect, or recurrent ventricular septal defect.

Group C was heterogenic, with 10 patients being 
55.8 ± 12.7 years old, and significantly older than those in 
the two other subgroups (p < 0.001). Four (40%) of them 
were female. Three had already undergone heart operations: 
two patients had undergone the Ross procedure because of 
acquired aortic valve disease 7.3 and 8.4 years before (already 

Table 3. Intraoperative data

Characteristics Endocarditis Congenital Others

Surgical data

Beating-heart surgery 4 (23.6%) 44 (62.9%) 2 (20%)

Operation time [min] 33 ± 149 269 ± 83 278 ± 70

Cardiopulmonary bypass time [min] 192 ± 98 125 ± 51 147 ± 54

Aortic clamp time [min] 99 ± 57 73 ± 27 78 ± 46

Intraoperative body temperature [°C] 30.7 ± 4.9 31.2 ± 2.7 31.2 ± 2.2

Intraoperative transfusions

Autotranfusion [mL] 290 ± 608 407 ± 405 437 ± 326

Packed red blood cells [mL] 2435 ± 2012 550 ± 913 980 ± 1221

Platelets [mL] 487 ± 393 491 ± 188 248 ± 271

Fresh frozen plasma [mL] 965 ± 1008 328 ± 569 420 ± 569

Data are shown as mean ± standard deviation or number (percentage)

Table 4. Initial diagnoses of the patients who were operated 
due to congenital heart disease

Characteristics Value

Tetralogy of Fallot 34 (48.6%)

PV stenosis (valvular or subvalvular) 17 (24.3%)

Double-chambered right ventricle 5 (7.1%)

PV atresia 4 (5.7%)

VSD with subvalvular PV stenosis 2 (2.9%)

DORV 2 (2.9%)

DORV with levo-TGA 1 (1.4%)

Ebstein anomaly with DORV 1 (1.4%)

Ebstein anomaly with PV stenosis 1 (1.4%)

Dextro-TGA 1 (1.4%)

VSD with valvular PV stenosis 1 (1.4%)

Data are shown as number (percentage). DORV — double outlet right 
ventricle; PV — pulmonary valve; TGA — transposition of the great 
arteries: VSD — ventricular septal defect

Table 5. Microbiological findings of patients with preoperative 
diagnosis of pulmonary valve endocarditis

Characteristics Value

Negative 6 (35.3%)

Staphylococcus species 4 (23.6%)

Enterococcus faecalis  2 (11.8%)

Streptococcus species 1 (5.9%)

Coxiella burnetti 1 (5.9%)

Candida albicans 1 (5.9%)

Not performed 2 (11.8%)

Data are shown as number (percentage).

surgery was performed in one patient and tricuspid valve 
replacement in two patients.
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Table 6. Postoperative outcomes and adverse events

Characteristics Endocarditis Congenital Others

Postoperative outcomes

Intensive care unit — length of stay [days] 8.1 ± 9.8 1.8 ± 2.8 1.9 ± 1.3

Total hospital length of stay [days] 32.1 ± 25.6 17.2 ± 13.5 11.9 ± 6.6

Mechanical ventilation [h] 147 ± 185 27 ± 43 14 ± 8

In-hospital death 2 (11.8%) 2 (2.9%)

Death after hospital discharge 3 (17.7%) 2 (2.9%) 4 (40%)

Follow up time [years] 3.4 ± 5.5 7.4 ± 7.5 4.6 ± 6.8

Postoperative adverse events

Extracorporeal membrane oxygenation 1 (5.9%)

Intra-aortic balloon pump 3 (17.7%)

Revision due to bleeding 2 (11.8%) 3 (4.3%)

Drainage due to pericardial tamponade 1 (5.9%) 1 (10%)

Revision due to wound infection

Cardiopulmonary resuscitation 3 (17.7%) 1 (1.4%)

Stroke

Acute renal failure treated with dialysis 8 (47.1%) 2 (2.9%) 1 (10%)

Data are shown as mean ± standard deviation or number (percentage).

in adulthood, at the age of 26 and 56 years, respectively), 
whereas one patient had undergone the resection of a PA 
fibrosarcoma and came back after 3.5 years with tumour re-
currence. There were also two cases of primary angiosarcoma 
of the PA in this group. One (10%) patient presented with 
cardiogenic shock. Eight (80%) patients received various types 
of PV surgery, while CABG was the most frequent additional 
surgery in this group.

Early outcomes
Postoperative data and outcomes are presented in Table 6.  
Patients with endocarditis stayed significantly longer in 
the intensive care unit than those of the two other groups 
(8.1 ± 9.8 days vs. 1.8 ± 2.8 days for congenital defects and 
1.9 ± 1.3 days for various pathologies, p = 0.001). During 
the postoperative course, two (11.8%) IE patients died in the 
hospital because of low cardiac output syndrome. There were 
two (2.9%) in-hospital deaths in group B, both because of right 
ventricular failure, and none in group C.

Follow-up
The survival curve of the entire cohort is presented in Figure 1.  
The follow-up time of the entire cohort varied from 0 (cases of 
in-hospital death) to 23.36 years (Table 6). The survival curves 
differed significantly between the three subgroups; Log Rank, 
p < 0.001, Breslow, p = 0.001 (Fig. 2).

Predictors of mortality
Older patients had slightly worse prognosis than the younger 
ones (HR 1.1; 95% CI 1.046–1.128; p < 0.001). The con-

comitant procedures did not significantly affect the long-term 
outcome (p = 0.149). The time since the most recent surgery 
(p = 0.151) and gender (p = 0.372) also had no influence 
on survival. The presence of preoperative cardiogenic shock 
(HR 4.9; 95% CI 1.6–15.2; p = 0.006) and postoperative 
acute renal failure requiring dialysis (HR 31.6; 95% CI 8–125; 
p < 0.001) could be defined as independent risk factors of 
mortality. The transfusion of blood products could be defined 
as a surrogate parameter.

DISCUSSION
Our study presents and compares the outcomes of PV, RVOT, 
and PA surgery for various indications, based on 23-year 
experience with a relatively large patient cohort. 

Preoperative haemodynamic instability is distinctly associ-
ated with high mortality, which is intuitively comprehensible 
and has been ascertained many times by various studies [9]. 
Also, in our patient cohort the presence of preoperative car-
diogenic shock was found to be an independent risk factor 
of mortality. It is important to note that most of these patients 
suffered from endocarditis, and thus we suppose that the 
septic component of shock was present in these cases as well.

Infective endocarditis of the PV is rare and mostly oc-
curs in combination with IE of other valves. The risk factors 
include intravenous drug use, presence of cardiac implantable 
electronic devices or prosthetic valves, intracardiac shunts, 
and residual defects after surgical correction of CHD [10–12]. 
Surgical indications in cases of isolated infection of the PV have 
not been clearly established yet. However, surgery should be 
carried out for patients who do not adequately respond to 
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the antimicrobial therapy, who are haemodynamically com-
promised, when large vegetation is present, and in cases of 
prosthetic PV endocarditis [4, 13]. In our record, there was no 
data of genetic conditions like microdeletion 22q11, which 

are believed to be often associated with CHD and affect the 
immune system, making the patient vulnerable to various 
infections [14]. The outcome of our IE cohort was comparable 
to the literature [15]. 

Redo cardiac surgery is technically more complex than 
the first operation, but the surgical risk and survival of these 
patients are quite similar to those of other patients not previ-
ously operated upon [16]. Also, previous surgery did not af-
fect the outcome in our study. Furthermore, the concomitant 
procedures seemed to have no relevant effect on the outcome.

Patients with congenital disease of the PV or RVOT live to 
reach adulthood more frequently than at any time in the past [3].  
Some of them require redo surgery or other cardiovascular 
interventions. Transcatheter PV replacement has recently 
gained recognition and can be performed with good outcomes 
in selected patients. The surgical option is still recommended 
for patients with complex anatomy [17].

Pulmonary valve regurgitation, residual septal defect, 
RVOT patch aneurysm, and PA stenosis are the most fre-
quent surgical indications found in the literature as well as in 
our case series. The outcomes are usually satisfying despite 
common impairment of the right ventricular function in this 
population [18]. 

Pulmonary valve regurgitation or stenosis after TOF cor-
rection is usually well tolerated, but reliable quantification 
is very difficult. Therefore, the timing of redo surgery is not 
clearly defined. Echocardiographic examination should be 
performed in every case. Surgery should be considered for 
symptomatic patients. The presence of other surgical indica-
tions should incline the strategy towards redo surgery [19].

There are no studies in the literature that assess adult 
patient series with recurrent RVOT obstruction. In our study, 
22 (31.4%) patients received excisions of RVOT muscle bun-
dles, while enlargement of the RVOT with a patch was per-
formed in 17 (24.3%) patients. Patch implantation in the RVOT 
is part of PV replacement when valvular ring enlargement is 
needed. In patients suffering from congenital anomalies with 
a reduced pulmonary flow, such as TOF, the PV ring can be 
initially small and thus the valve implanted in a child must be 
explanted after several years to prevent the development of 
a valve–patient mismatch. Hence, RVOT patch enlargement 
is mostly required in these cases [20]. This could be observed 
in 17 (24.3%) more patients in our cohort.

Pulmonary artery stenosis is rare in the adult population 
and can be treated either surgically or in an endovascular 
manner [21]. The history of CHD is often present in these 
cases, and individual surgical indications depend on patient 
characteristics [22]. Aneurysms of the PA are often related to 
right ventricular congenital lesions, and surgery remains the 
strategy of choice [6]. Tumours of the PA, which are rare and 
mostly malignant, have limited survival [8].

The Ross procedure is one of the surgical strategies in 
both congenital and acquired aortic valve disease [23]. In 

Figure 1. Overall cumulative survival of the whole patient 
cohort

Figure 2. Cumulative survival of all three analysed cohorts. The 
difference between groups is statistically highly significant (Log 
Rank, p < 0.0001, Breslow, p = 0.001)
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the literature, the outcomes are good, with about 85% of the 
patients having no need to undergo surgery even 10 years 
after the operation. Following surgery, not only the aortic valve 
pathology is present, but also the PV, which is replaced with 
conduit that is prone to degeneration. However, it is a rare 
surgical indication. On the other hand, degeneration of the 
pulmonary autograft in the aortic position is more frequent [5]. 

Gender can influence the outcomes of various cardiac 
surgical procedures, and worse outcomes were reported 
in female patients [24]. Our analysis does not support this 
hypothesis. 

Postoperative acute renal failure can lead to electrolytes 
imbalance, metabolic disturbances, persistent impairment of 
kidney functions, and reduced survival [25]. We could confirm 
such statistically significant associations in our study. Patients 
receiving massive transfusions were in a worse clinical condi-
tion than the others, and this factor has no predictive value.

Limitations of the study
The study is limited by its retrospective nature. The analysed 
subgroups are small and unequal. Therefore, the distribution 
of some variables does not necessarily meet the criteria for 
normality. This issue needs further prospective analysis to 
confirm the presented hypotheses. 

CONCLUSIONS
In conclusion, adult patients with indications for PV surgery 
are mostly in the third to sixth decade of life. Many of them 
have previously undergone heart operations. Concomitant 
procedures are necessary in most cases of PV endocarditis 
and in numerous cases of congenital disease affecting the PV. 
Patients with endocarditis involving the native or prosthetic 
PV face a high risk of mortality and morbidity. Adult patients 
with congenital anomalies affecting the PV can undergo redo 
cardiac surgery with excellent outcomes. Preoperative cardio-
genic shock and postoperative acute renal failure requiring 
dialysis are strong independent risk factors of mortality. Gender 
and concomitant procedures do not influence the outcome 
after PV surgery.

Conflict of interest: none declared

References
1. Bartelings M, Gittenberger-de Groot A. The outflow tract of the 

heart — embryologic and morphologic correlations. Int J Car-
diol. 1989; 22(3): 289–300, doi: 10.1016/0167-5273(89)90270-2, 
indexed in Pubmed: 2651326.

2. Baumgartner H, Bonhoeffer P, De Groot NMS, et al. Task Force 
on the Management of Grown-up Congenital Heart Disease of the 
European Society of Cardiology (ESC), Association for European 
Paediatric Cardiology (AEPC), ESC Committee for Practice Guide-
lines (CPG). ESC Guidelines for the management of grown-up 
congenital heart disease (new version 2010). Eur Heart J. 2010; 
31(23): 2915–2957, doi: 10.1093/eurheartj/ehq249, indexed in 
Pubmed: 20801927.

3. van der Bom T, Bouma BJ, Meijboom FJ, et al. The prevalence 
of adult congenital heart disease, results from a systematic re-
view and evidence based calculation. Am Heart J. 2012; 164(4): 
568–575, doi:  10.1016/j.ahj.2012.07.023, indexed in Pub-
med: 23067916.

4. Habib G, Lancellotti P, Antunes MJ, et al. Document Review-
ers. 2015 ESC Guidelines for the management of infective 
endocarditis: The Task Force for the Management of Infective En-
docarditis of the European Society of Cardiology (ESC). Endorsed 
by: European Association for Cardio-Thoracic Surgery (EACTS), 
the European Association of Nuclear Medicine (EANM). Eur 
Heart J. 2015; 36(44): 3075–3128, doi: 10.1093/eurheartj/ehv319, 
indexed in Pubmed: 26320109.

5. Kalfa D, Mohammadi S, Kalavrouziotis D, et al. Long-term 
outcomes of the Ross procedure in adults with severe aortic 
stenosis: single-centre experience with 20 years of follow-up. 
Eur J Cardiothorac Surg. 2015; 47(1): 159–67; discussion 167, 
doi: 10.1093/ejcts/ezu038, indexed in Pubmed:24574445.

6. Bartter T, Irwin R, Nash G. Aneurysms of the Pulmonary Arter-
ies. Chest. 1988; 94(5): 1065–1075, doi: 10.1378/chest.94.5.1065, 
indexed in Pubmed:3053058.

7. Bacha EA, Kreutze J. Comprehensive Management of Branch 
Pulmonary Artery Stenosis. J Interv Cardiol. 2001; 14(3): 
367–376, doi: 10.1111/j.1540-8183.2001.tb00346.x, indexed in 
Pubmed: 12053398.

8. Jin T, Zhang C, Feng Z, et al. Primary pulmonary artery sar-
coma. Interact Cardiovasc Thorac Surg. 2008; 7(4): 722–724, 
doi: 10.1510/icvts.2008.177816, indexed in Pubmed: 18467425.

9. Samuels LE, Holmes EC, Hagan K, et al. Cardiogenic shock: 
collaboration between cardiac surgery and cardiology subspe-
cialties to bridge to recovery. Ann Thorac Surg. 2007; 83(5): 
1863–1864, doi:  10.1016/j.athoracsur.2006.11.067, indexed in 
Pubmed: 17462415.

10. Yuan SM. Right-sided infective endocarditis: recent epidemio-
logic changes. Int J Clin Exp Med. 2014; 7(1): 199–218, indexed 
in Pubmed: 24482708.

11. Athan E. The characteristics and outcome of infective endocar-
ditis involving implantable cardiac devices. Curr Infect Dis Rep. 
2014; 16(12): 446, doi:10.1007/s11908-014-0446-5, indexed in 
Pubmed: 25348742.

12. Wang A, Athan E, Pappas PA, et al. International Col-
laboration on Endocarditis-Prospective Cohort Study Inves-
tigators. Contemporary clinical profile and outcome of pros-
thetic valve endocarditis. JAMA. 2007; 297(12): 1354–1361, 
doi: 10.1001/jama.297.12.1354, indexed in Pubmed: 17392239.

13. Glew T, Feliciano M, Finkielstein D, et al. Pulmonic Valve 
Repair in a Patient with Isolated Pulmonic Valve Endocarditis 
and Sickle Cell Disease. Case Rep Cardiol. 2015; 2015: 732073, 
doi: 10.1155/2015/732073, indexed in Pubmed: 26199760.

14. Yeoh TY, Scavonetto F, Hamlin RJ, et al. Perioperative manage-
ment of patients with DiGeorge syndrome undergoing cardiac 
surgery. J Cardiothorac Vasc Anesth. 2014; 28(4): 983–989, 
doi: 10.1053/j.jvca.2013.10.025, indexed in Pubmed: 24461359.

15. Pang PYK, Sin YK, Lim CH, et al. Surgical management of infec-
tive endocarditis: an analysis of early and late outcomes. Eur J Car-
diothorac Surg. 2015; 47(5): 826–832, doi: 10.1093/ejcts/ezu281, 
indexed in Pubmed: 25027271.

16. Colkesen Y, Coskun I, Cayli M, et al. Predictors of in-hospital 
mortality following redo cardiac surgery: Single center 
experience. Interv Med Appl Sci. 2015; 7(3): 102–107, 
doi: 10.1556/1646.7.2015.3.3, indexed in Pubmed: 26527452.

17. Steinberg ZL, Jones TK, Verrier E, et al. Early outcomes in 
patients undergoing transcatheter versus surgical pulmonary  
valve replacement. Heart. 2017; 103(18): 1455–1460, doi:   
10.1136/heartjnl-2016-310776, indexed in Pubmed: 28351873.

http://dx.doi.org/10.1016/0167-5273(89)90270-2
https://www.ncbi.nlm.nih.gov/pubmed/2651326
http://dx.doi.org/10.1093/eurheartj/ehq249
https://www.ncbi.nlm.nih.gov/pubmed/20801927
http://dx.doi.org/10.1016/j.ahj.2012.07.023
https://www.ncbi.nlm.nih.gov/pubmed/23067916
http://dx.doi.org/10.1093/eurheartj/ehv319
https://www.ncbi.nlm.nih.gov/pubmed/26320109
http://dx.doi.org/10.1093/ejcts/ezu038
https://www.ncbi.nlm.nih.gov/pubmed/24574445
http://dx.doi.org/10.1378/chest.94.5.1065
https://www.ncbi.nlm.nih.gov/pubmed/3053058
http://dx.doi.org/10.1111/j.1540-8183.2001.tb00346.x
https://www.ncbi.nlm.nih.gov/pubmed/12053398
http://dx.doi.org/10.1510/icvts.2008.177816
https://www.ncbi.nlm.nih.gov/pubmed/18467425
http://dx.doi.org/10.1016/j.athoracsur.2006.11.067
https://www.ncbi.nlm.nih.gov/pubmed/17462415
https://www.ncbi.nlm.nih.gov/pubmed/24482708
http://dx.doi.org/10.1007/s11908-014-0446-5
https://www.ncbi.nlm.nih.gov/pubmed/25348742
http://dx.doi.org/10.1001/jama.297.12.1354
https://www.ncbi.nlm.nih.gov/pubmed/17392239
http://dx.doi.org/10.1155/2015/732073
https://www.ncbi.nlm.nih.gov/pubmed/26199760
http://dx.doi.org/10.1053/j.jvca.2013.10.025
https://www.ncbi.nlm.nih.gov/pubmed/24461359
http://dx.doi.org/10.1093/ejcts/ezu281
https://www.ncbi.nlm.nih.gov/pubmed/25027271
http://dx.doi.org/10.1556/1646.7.2015.3.3
https://www.ncbi.nlm.nih.gov/pubmed/26527452
http://dx.doi.org/10.1136/heartjnl-2016-310776
https://www.ncbi.nlm.nih.gov/pubmed/28351873


www.kardiologiapolska.pl

Marcin Szczechowicz et al.

610

18. Burchill LJ, Wald RM, Harris L, et al. Pulmonary valve replace-
ment in adults with repaired tetralogy of Fallot. Semin Thorac 
Cardiovasc Surg Pediatr Card Surg Annu. 2011; 14(1): 92–97, 
doi: 10.1053/j.pcsu.2011.01.016, indexed in Pubmed: 21444054.

19. Ebert P. Second operations for pulmonary stenosis or insuf-
ficiency after repair of tetralogy of fallot. Am J Cardiol. 1982; 
50(3): 637–640, doi:10.1016/0002-9149(82)90333-2, indexed in 
Pubmed: 7113940.

20. Therrien J, Siu S, McLaughlin P, et al. Pulmonary valve re-
placement in adults late after repair of tetralogy of Fallot: 
are we operating too late? J Am Coll Cardiol. 2000; 36(5): 
1670–1675, doi: 10.1016/s0735-1097(00)00930-x, indexed in 
Pubmed: 11079675.

21. Sheikh MA, Chowdhury MA, Moukarbel GV. Safety and Clinical 
Outcomes of Endovascular Treatment of Adult-Onset Pulmonary 
Artery Stenosis. J Invasive Cardiol. 2016; 28(5): 202–208, indexed 
in Pubmed: 27145052.

22. Peters B, Ewert P, Berger F. The role of stents in the treatment 
of congenital heart disease: Current status and future perspec-
tives. Ann Pediatr Cardiol. 2009; 2(1): 3–23, doi: 10.4103/0974-
2069.52802, indexed in Pubmed: 20300265.

23. Christ T, Claus B, Woythal N, et al. The Ross Procedure in Adults: 
Long-Term Results of Homografts and Stentless Xenografts for Pulmo-
nary Valve Replacement. Thorac Cardiovasc Surg. 2017; 65(8): 656–
–661, doi: 10.1055/s-0036-1586157, indexed in Pubmed: 27508999.

24. Tran A, Ruel M, Chan V. Gender differences in outcomes fol-
lowing cardiac surgery: implications for managing patients 
with mitral valve disease. Curr Opin Cardiol. 2015 [Epub ahead 
of print], doi:  10.1097/HCO.0000000000000150, indexed in 
Pubmed: 25574891.

25. Mangos GJ, Horton D, Brown MA, et al. Acute renal failure follow-
ing cardiac surgery: incidence, outcomes and risk factors. Aust 
N Z J Med. 2008; 25(4): 284–289, doi: 10.1111/j.1445-5994.1995.
tb01891.x, indexed in Pubmed: 8540867.

Cite this article as: Szczechowicz M, Mkalaluh S, Farag M, et al. Pulmonary valve and right ventricular outflow tract surgery in adults: 
23-year experience. Kardiol Pol. 2018; 76(3): 602–610, doi: 10.5603/KP.a2017.0260.

http://dx.doi.org/10.1053/j.pcsu.2011.01.016
https://www.ncbi.nlm.nih.gov/pubmed/21444054
http://dx.doi.org/10.1016/0002-9149(82)90333-2
https://www.ncbi.nlm.nih.gov/pubmed/7113940
http://dx.doi.org/10.1016/s0735-1097(00)00930-x
https://www.ncbi.nlm.nih.gov/pubmed/11079675
https://www.ncbi.nlm.nih.gov/pubmed/27145052
http://dx.doi.org/10.4103/0974-2069.52802
http://dx.doi.org/10.4103/0974-2069.52802
https://www.ncbi.nlm.nih.gov/pubmed/20300265
http://dx.doi.org/10.1055/s-0036-1586157
https://www.ncbi.nlm.nih.gov/pubmed/27508999
http://dx.doi.org/10.1097/HCO.0000000000000150
https://www.ncbi.nlm.nih.gov/pubmed/25574891
http://dx.doi.org/10.1111/j.1445-5994.1995.tb01891.x
http://dx.doi.org/10.1111/j.1445-5994.1995.tb01891.x
https://www.ncbi.nlm.nih.gov/pubmed/8540867

