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Abstract

Background: Infective endocarditis is a serious complication in patients with prostheses in the right ventricle outfl ow tract. The aim of our study is to assess clinical 
features in these patients.

Methods: We have analyzed all cases of prosthetic pulmonary valve infective endocarditis (PPVIE) and compared them to the rest of the patients with IE. Since the 
year 2000, 375 cases of IE have been diagnosed in our center and nine patients had a PPVIE.: 3 patients with Melody percutaneous prostheses, 5 with a homograft (3 after 
a Rastelli procedure, 2 a Ross procedure), and 1 patient with a heterograft (Contegra conduit).

Results: Mean age of PPVIE patients was 31±15 years old and 89% were male. A presumed portal of entry could only be identifi ed in 4 of the 9 patients with PPVIE. 
The most common was a dental origin (3 patients). A causative microorganism was detected in all but one PPVIE patient: 3 S.viridans, 2 S.aureus, 2 coagulase-negative 
staphylococci, and 1 enterococcus. Most patients suffered complications during the in-hospital phase: 7 out of 9 PPVIE patients (78 vs.75% of the rest of IE patients), the 
most common congestive heart failure (5 patients), and persistent sepsis (4 patients). Six patients were operated on during hospitalization (67 vs. 55%) with a mean time 
from admission to surgery of 15 days. In-hospital mortality was similar (22 vs. 26%).

Conclusions: Prevalence of PPVIE is low, with a clinical outcome, surgery rate, and survival similar to the rest of patients with IE.

Introduction

Pulmonary valve prostheses are used for the treatment 
of congenital heart diseases and long-term complications 
of previous surgical procedures. Percutaneous pulmonary 
valve implantation has become an alternative to open-heart 
surgery in congenital heart disease. Many young patients with 
congenital aortic valvar stenosis undergo the Ross procedure. 
In both situations, right ventricular outfl ow tract dysfunction 
frequently occurs because of the limited lifespan of the 
biological material. Therefore, pulmonary valve prostheses 
either surgical or percutaneous are required.

Although a rare complication, infection of pulmonary 
prostheses may occur. However, there is a paucity of data 
regarding such a situation. Right-sided infective endocarditis 
(IE) accounts for only 5–13.8% of all cases of IE, affecting the 
pulmonary valve in only 2.4% [1-3].

Our aim is to analyze the clinical characteristics and 
outcomes of patients with prosthetic pulmonary valve infective 
endocarditis (PPVIE). A second objective was to investigate 
differences in the clinical presentation, microbiological 
fi ndings, and prognosis of such patients compared to other 
forms of IE.
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Methods

Between January 2000 and December 2021, 375 cases of IE 
in non-intravenous drug users were consecutively diagnosed 
and treated in our center. Our hospital is a tertiary center 
that during the study period was the referral center for 
cardiovascular surgery in the Spanish provinces of Córdoba 
and Jaén (the area includes 3 regional hospitals in Córdoba 
and 4 hospitals in Jaén). Patients diagnosed with IE in our 
institution are traditionally admitted to the cardiology service 
only. Patients enrolled in this study came from the emergency 
room, internal medicine, or echocardiography service. Thirty-
four patients (9%) were referred from other hospitals. The 
incidence of patients from other centers remained constant 
during the study period. Initially, the diagnosis of IE was 
made according to the modifi ed Duke criteria [5]. Since 2004, 
we have applied the European Cardiology Society’s diagnostic 
criteria [6]. A total of 9 patients were admitted to our center 
with IE following interventional or surgical pulmonary valve 
replacement. Infected conduits were stented bovine yugular 
vein grafts (Melody valve; Medtronic, Minneapolis, MN, USA) 
in 3 patients, a Contegra Conduit in 1 patient, and homografts 
(3 patients with a Rastelli procedure and 2 for a previous Ross 
procedure) in 5 patients.

Specifi c antibiotic treatment was maintained during the 
active phase for at least 4 weeks in native valve IE patients and 
6 weeks for prosthetic valve IE. Antibiotics were administered 
intravenously at the hospital except for 23 patients that 
followed a program of home-setting parenteral treatment. 
Indications for surgery during the active phase (early surgery) 
were the appearance of severe heart failure due to a valve 
or prosthesis dysfunction; persistent sepsis despite correct 
antibiotic treatment; the appearance of local complications 
such as abscesses, pseudoanaeurysms, and fi stulas; repeated 
embolisms; and cases caused by aggressive organisms that 
generally did not respond to antibiotics, such as fungi, Coxiella 
spp, and Brucella spp. Indications for surgery did not differ over 
the study period. We defi ned urgent surgery as that which could 
not be postponed>24h without putting the patient’s life at risk, 
and elective surgery as that which could be delayed a few days 
without increasing the risk to the patient’s life. All patients who 

survived the active phase of IE were included in database follow 
up and for those of which we had no information, telephone 
contact was established to avoid missing data. 

The study protocol was approved by the institutional review 
board. Individual informed consent was waived due to the 
retrospective nature of the collected data.

Continuous variables are expressed as mean ± standard 
deviation and compared using Student’s t-test for unpaired 
data. Categorical variables are presented as numbers 
(percentage) and compared using the 2 test or Fisher’s exact 
test if any expected cell count was <5. P-values <0.05 were 
considered statistically signifi cant.

Results

Our series comprised 375 cases of IE. The mean age of 
patients with IE was 60±16 years. Nine patients (2%) had a 
P PVIE. Clinical features of patients with PPVIE are shown in 
Table 1. The mean time from the implant of the pulmonary 
valve to the diagnosis of IE was 8 years: The Melody prosthetic 
pulmonary valve showed a shorter time to IE than the 
homografts (mean 4 vs. 12 years). A comparison of the general 
characteristics of patients with and without PPVIE is shown 
in Table 2. Patients with PPVIE were signifi cantly younger: 
31 vs 60 years old (p<0.0001). At least one patient with a 
prosthetic pulmonary valve had a previous IE event whereas 13 
patients without PPVIE had at least a previous IE event (NS). A 
presumed portal of entry could only be identifi ed in 4 of the 9 
patients with PPVIE. The most common was a dental origin (3 
patients). The latency period between the onset of symptoms 
and the diagnosis of endocarditis was similar in both groups: 
a mean of 12 days in the PPVIE and 33 days in the non-PPVIE 
group. The rate of negative blood cultures and the distribution 
of the causative microorganism showed a similar proportion 
between groups (Table 2). Transthoracic echocardiography was 
performed in all patients. The rate of echocardiographically 
detected vegetations were not signifi cantly different: 8 of 
9 patients (89%) with PPVIE and 346 of 366 patients (95%) 
without PPVIE. Diagnosis of IE was made in 2 patients with 
prosthetic pulmonary valves using a PET CT imaging scan. 

Table 1: Clinical features of patients with prosthetic pulmonary valve infective endocarditis

Number Diagnosis Age at implant Type of prostheses
Time to IE 

(years)
Microorganism Surgical fi ndings Outcome

1
Congenital aortic stenosis. Ross 

procedure
28y Homograft 7 S.aureus - alive

2
Congenital aortic stenosis. Ross 

procedure
36y Homograft 8 S.viridans Stenosis alive

3 Truncus type 1 1m Contegra conduit 5 CNS Degenerated heterograft alive

4 Aortic regurgitation. Ross procedure 46y Melody 4 Unknown Stenosis alive

5 d-TGA 18y Melody 4 CNS - dead

6 Double outlet right ventricle 6y Homograft 15 S.viridans Abscess dead

7 Pseudotruncus 15y Melody 6 S.aureus Stenosis alive

8 Fallot tetralogy 13y Homograft 11 E.faecalis - alive

9 Pseudotruncus 11y Homograft 20 CNS Abscess alive

CNS: Coagulase-negative staphylococci
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Complications during the active phase of the disease were 
equally frequent in the two groups (78% in the PPVIE group 
and 75% in the other group). There were no differences 
between groups regarding heart failure, peripheral embolisms, 
persistent sepsis, neurological complications, abscesses, or 
mycotic aneurysms (Table 2).

As expected, the surgery rate during hospital admission 
was similar in the 2 groups. Six patients (66%) in the PPVIE 
group and 203 patients (56%) in the non PPVIE were operated 
on during the active phase. The most common indication 
for surgery in PPVIE was persistent sepsis (50 vs. 20%, NS) 
followed by the onset of congestive heart failure (33% vs. 62%, 
NS). Surgery was indicated as an emergency because of clinical 
instability or hemodynamic impairment in 1 patient (17%) 
with prosthetic pulmonary valve IE and in 58 patients (29%) 
without PPVIE (NS). Likewise, the difference in the elective 
surgery rate was not different (83% and 71%, respectively). 
Surgical fi ndings of PPVIE patients operated on were: massive 
vegetations obstructing the right ventricle outfl ow tract (3 
patients), local abscesses (2 patients), and infection confi ned 
only to the valve leafl ets causing valve destruction (1 patient).

In-hospital mortality rates were also similar between the 
two groups (2 patients [22%] in the PPVIE group). One of these 
patients died because of severe complications after IE of the 
Melody valve implanted 4 years before due to degenerated 
Rastelli procedure. The infection was caused by coagulase-
negative staphylococci, the patient was male and aged 24 years 
at the time of IE and was not operated on due to the high risk of 

the intervention. The infection was extended to the aortic root 
and tricuspid valve. In the other patient, also a 21-year-old 
male, a degenerated homograft implanted 15 years before, was 
infected. The infection was caused by viridans streptococci and 
he was operated on an emergency basis due to septic shock but 
unfortunately, the patient died. In hospital mortality of non 
PPVIE group was 27% (98 patients). 

All patients were prospectively followed up for a mean 
period of 26±32 months in the PPVIE group and 39±49 months 
in the non-PPVIE group (NS). No patients were lost to follow-
up. No recurrence of endocarditis occurred in patients with 
PPVIE. None of the seven survivors with PPVIE to the active 
phase were operated on nor died during follow-up.

Discussion

Prosthetic valve endocarditis is a serious life-threatening 
condition with a mortality of up to 20% [1]. Usually, left-side 
prosthetic valve IE has a poorer prognosis compared to right-
side prosthetic valve IE, mostly related to local complications 
such as penannular abscess, embolic events, and heart failure 
[1,2]. In cases of IE affecting prosthetic pulmonary valves, 
although patients are younger, they are at higher risk as they 
usually have a congenital heart disease treated previously with 
one o more surgical interventions and sometimes applies to 
young patients that will require more heart operations during 
their lives. For such reason, the ideal therapeutic strategy is 
debatable and varies between a conservative approach of 
antibiotic treatment only and surgical removal of all infected 
tissue. As expected, our patients with PPVIE were young (mean 
age 31±15 years old) and similar to previously reported [2,3,7,8]. 

Our study shows that the incidence of PPVIE in a tertiary 
hospital is as low as previously reported and similar to that 
reported by the Euro Endo Registry (2.4%) [1]. Due to its low 
incidence, information on clinical features of patients with 
PPVIE comes from a few nationwide registries [3,4], prospective 
valve trials sponsored by valve companies [7], or single center 
experience [2,8].

According to a recent German registry [3], homografts 
had the lowest incidence of pulmonary valve-related IE, and 
Melody valves had the highest. However, no clear potential 
factor for the increased risk of IE for the Melody valve has been 
identifi ed so far. Although we can not assess the incidence of 
IE in patients with pulmonary prostheses valve, the mean time 
from prostheses implant to IE was shorter among patients with 
Melody valves than homograft. We hypothesize that Melody 
valves degenerate earlier than homograft and cause more 
severe right ventricle outfl ow tract (RVOT) obstruction during 
follow-up. Some authors have associated RVOT stenosis with 
higher endocarditis risk [9]

Diagnosis of right side IE is often delayed, since subtle 
symptoms, rather than systemic signs of IE predominate. A 
variety of complications caused by septic pulmonary emboli 
have been described, such as pulmonary infarction, pulmonary 
abscesses, bilateral pneumothoraces, pleural effusions, and 
empyema [1]. It is noteworthy that up to 20% of patients with 

Table 2: Clinical characteristics of patients with and without prosthetic pulmonary 
valve infective endocarditis

PPVIE
(n=9)

Non PPVIE
(n=366)

Age (years) * 31±15 60±15

Men 8 (90%) 249 (68%)

Portal of entry of infection

 Dental procedure 30 (8%) 0 (0%)

 Other 144 (41%) 4 (44%)

Infective microorganism

 S. aureus 2 (22%) 71 (19%)

 coagulase negative staphylococci 3 (33%) 69 (19%)

 S. viridans 2 (22%) 65 (18%)

 Enterococcus spp 1 (11%) 74 (20%)

 Other 0 (0%) 32 (9%)

 Unknown 1 (11%) 60 (16%)

Complications

 Heart failure 5 (56%) 198 (54%)

 Persistent sepsis 4 (44%) 77 (21%)

Surgical treatment

 Urgent 1 (11%) 58 (16%)

 Elective 5 (56%) 145 (40%)

In hospital mortality 2 (22%) 98 (27%)

*p<0.001
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PPVIE are operated on due to stenosis caused by vegetation 
[10,12]. In our series, 2 of 8 PPVIE patients were operated on 
due to stenosis and severe obstruction of RVOT. Most PPVIE 
patients suffered severe complications during the active 
phase, mainly persistent sepsis and heart failure leading both 
complications to surgery during hospitalization. Weber et al 
[2] reported a longer time between diagnosis and operation of 
right side IE compared to left side IE. In our series, the mean 
time from onset symptoms to diagnosis was similar to other 
types of IE as was the interval time to surgery from admission 
to hospital (42±19 days vs 53±14 days). 

Staphylococci were the most common causative 
microorganisms in our cohort of PPVIE. This fi nding is 
consistent with previous studies [3,9,10] reporting a 43% 
incidence of staphylococcus aureus infection, followed by 
coagulase-negative staphylococci and enterococcus faecalis. All 
these microorganisms are considered risk factors for mortality 
[10-12]. 

Datar et al report a surgical mortality rate of 5.5%, which 
should be considered low in an IE population [4]. Other small 
series report mortality rates ranging from 0% to 15% [7,8]. 
This low in-hospital mortality rate is lower than that at our 
institution (16.6%) and may refl ect different patient profi les 
with more advanced congenital heart disease with often a 
homograft previously degenerated. Several risk factors for 
mortality in right side IE have been described, including the 
type of causative microorganisms, large vegetations, and 
patients with a redo intervention [2]. Antibiotic penetration is 
impaired in these patients complicating the eradication of even 
less aggressive organisms.

Our study has several limitations that need to be considered 
for the interpretation of the results. First, this is a single-center 
study with retrospectively collected data for a very limited 
number of patients. Like other reports, it is an observational 
study of patients from a tertiary institution with a special 
interest in IE with a cardiac surgical program. Second, referral 
bias in these studies is common thus information concerning 
patients not transferred to our hospital is missing. And last, 
the number of patients with PPVIE is very small therefore 
larger multicentre studies addressing the such issue should be 
desirable.

In summary, PPVIE affects young patients often with 
multiple redo interventions and clinical outcomes are similar 
to other types of IE. With similar complication rates during 
the active phase, cardiac surgery performance and in-hospital 
mortality are similar to those with non-PPVIE.

References 

1. Habib G, Erba PA, Iung B, Donal E, Cosyns B, Laroche C, Popescu BA, 
Prendergast B, Tornos P, Sadeghpour A, Oliver L, Vaskelyte JJ, Sow R, Axler 
O, Maggioni AP, Lancellotti P; EURO-ENDO Investigators. Clinical presentation, 

aetiology and outcome of infective endocarditis. Results of the ESC-EORP 
EURO-ENDO (European infective endocarditis) registry: a prospective cohort 
study. Eur Heart J. 2019 Oct 14;40(39):3222-3232. doi: 10.1093/eurheartj/
ehz620. Erratum in: Eur Heart J. 2020 Jun 7;41(22):2091. PMID: 31504413.

2. Weber C, Gassa A, Eghbalzadeh K, Merkle J, Djordjevic I, Maier J, Sabashnikov 
A, Deppe AC, Kuhn EW, Rahmanian PB, Liakopoulos OJ, Wahlers T. 
Characteristics and outcomes of patients with right-sided endocarditis 
undergoing cardiac surgery. Ann Cardiothorac Surg. 2019 Nov;8(6):645-653. 
doi: 10.21037/acs.2019.08.02. PMID: 31832354; PMCID: PMC6892730.

3. Stammnitz C, Huscher D, Bauer UMM, Urban A, Nordmeyer J, Schubert S, 
Photiadis J, Berger F, Klaassen S; German Competence Network for Congenital 
Heart Defects Investigators. Nationwide Registry-Based Analysis of Infective 
Endocarditis Risk After Pulmonary Valve Replacement. J Am Heart Assoc. 
2022 Mar;11(5):e022231. doi: 10.1161/JAHA.121.022231. Epub 2022 Feb 18. 
PMID: 35179045; PMCID: PMC9075093.

4. Datar Y, Yin K, Wang Y, Lawrence KW, Awtry EH, Cervantes-Arslanian AM, 
Kimmel SD, Fagan MA, Weinstein ZM, Karlson KJ, McAneny DB, Edwards NM, 
Dobrilovic N. Surgical outcomes of pulmonary valve infective endocarditis: 
A US population-based analysis. Int J Cardiol. 2022 Aug 15;361:50-54. doi: 
10.1016/j.ijcard.2022.05.033. Epub 2022 May 18. PMID: 35597492.

5. Li JS, Sexton DJ, Mick N, Nettles R, Fowler VG Jr, Ryan T, Bashore T, Corey 
GR. Proposed modifi cations to the Duke criteria for the diagnosis of infective 
endocarditis. Clin Infect Dis. 2000 Apr;30(4):633-8. doi: 10.1086/313753. 
Epub 2000 Apr 3. PMID: 10770721.

6. Habib G, Lancellotti P, Antunes MJ (2015) ESC Guidelines for the management 
of infective endocarditis: the Task Force for the Management of Infective 
Endocarditis of the European Society of Cardiologý (ESC). Eur Heart J. 
2015;36:3075-3128.

7. McElhinney DB, Sondergaard K, Armstrong AK (2018) Endocarditis after 
transcatheter pulmonary valve replacement. J Am Col Cardiol. 72: 2717-2728.

8. Gierlinger G, Sames-Dolzer E, Kreuzer M (2021) Surgical therapy of infective 
endocarditis following interventional or surgical pulmonary valve replacement. 
Eur J Cardio-Thorac Surg. 59: 1322-1328

9. McElhinney DB, Benson LN, Eicken A, Kreutzer J, Padera RF, Zahn EM. 
Infective endocarditis after transcatheter pulmonary valve replacement 
using the Melody valve: combined results of 3 prospective North American 
and European studies. Circ Cardiovasc Interv. 2013 Jun;6(3):292-300. 
doi: 10.1161/CIRCINTERVENTIONS.112.000087. Epub 2013 Jun 4. PMID: 
23735475.

10. Amat-Santos IJ, Ribeiro HB, Urena M, Allende R, Houde C, Bédard E, Perron J, 
DeLarochellière R, Paradis JM, Dumont E, Doyle D, Mohammadi S, Côté M, San 
Roman JA, Rodés-Cabau J. Prosthetic valve endocarditis after transcatheter 
valve replacement: a systematic review. JACC Cardiovasc Interv. 2015 
Feb;8(2):334-346. doi: 10.1016/j.jcin.2014.09.013. PMID: 25700757.

11. Abdelghani M, Nassif M, Blom NA, Van Mourik MS, Straver B, Koolbergen 
DR, Kluin J, Tijssen JG, Mulder BJM, Bouma BJ, de Winter RJ. Infective 
Endocarditis After Melody Valve Implantation in the Pulmonary Position: 
A Systematic Review. J Am Heart Assoc. 2018 Jun 22;7(13):e008163. doi: 
10.1161/JAHA.117.008163. PMID: 29934419; PMCID: PMC6064882.

12. Miranda WR, Connolly HM, Bonnichsen CR, DeSimone DC, Dearani JA, 
Maleszewski JJ, Greason KL, Wilson WR, Baddour LM. Prosthetic pulmonary 
valve and pulmonary conduit endocarditis: clinical, microbiological and 
echocardiographic features in adults. Eur Heart J Cardiovasc Imaging. 2016 
Aug;17(8):936-43. doi: 10.1093/ehjci/jew086. Epub 2016 May 8. PMID: 
27161836.


