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Abstract

OBJECTIVES: To study the characteristics of patients with Propionibacterium acnes prosthetic valve endocarditis (PVE) who required surgery.

METHODS: A single-centre retrospective cohort study was conducted during a 7-year period. Patients with definite infective P. acnes endo-
carditis, according to the modified Duke criteria, were included. An extended culture protocol was applied. Information on medical health
status, surgery, antibiotic treatment and mortality was obtained.

RESULTS: Thirteen patients fulfilled the criteria for P. acnes endocarditis (0.53% of 2466 patients with valve replacement in a 7-year period).
All patients were male and had a previous valve replacement. The health status of patients was poor at diagnosis of P. acnes PVE. Most patients
(11 of 13, 85%) were admitted with signs of heart failure due to a significant paravalvular leak; 2 of 13 (15%) patients presented with septic
emboli. Twelve patients needed redo surgery, whereas one could be treated with antibiotic therapy only. The time between the index
surgery and presentation with P. acnes PVE varied between 5 and 135 months (median 26.5 months). Replacement and reconstruction of the
dysfunctional valve and affected anatomical structures was mainly performed with a mechanical valve (n = 5, 42%) or a (bio-) Bentall pros-
thesis (n = 6, 50%). Antibiotic therapy consisted of penicillin with or without rifampicin for 6 weeks after surgery. The mortality in this series
was low (n = 1, 8%) and no recurrent endocarditis was found during a median follow-up of 38 months.

CONCLUSIONS: Propionibacterium acnes PVE is a rare complication after valve surgery. Redo surgery is often required. Treatment of the dys-
functional prosthetic aortic valve most often consists of root replacement, in combination with antibiotic therapy.
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INTRODUCTION

With an incidence of 30–100 episodes per million patient-years [1, 2],
endocarditis might be a rare disease, but the risk of an adverse
outcome is high. The in-hospital mortality rate is �20% and more
than one-third of patients die within the first year of diagnosis [3–6],
despite advances in diagnostic options, treatment and follow-up.

Patients who are especially at risk for developing endocarditis
are those who have undergone previous implantation of a pros-
thetic valve, device or lead. For this reason, prosthetic cardiac
valves have been labelled as a predisposing cardiac condition for
infectious endocarditis in all major guidelines [7].

Prosthetic valve endocarditis (PVE) is a complication with an
even higher rate of mortality and morbidity than endocarditis in
the absence of prosthetic material. In the literature, it is described
as a relatively uncommon clinical entity. The reported incidence
of PVE is between 0.3 and 1.2 cases per patient-year, affecting 1–6%
of patients with a cardiac valve prosthesis [8]. The mortality rate
ranges between 21 and 74% [9].

This paper focuses at Propionibacterium acnes (P. acnes) as the
agent responsible for PVE. Propionibacterium acnes is a facultative
anaerobic, non-spore-forming Gram-positive rod. It is considered
to be normal flora of the human skin, but can also be found on
conjunctive tissue, and in the oral cavity, intestinal tract and the
external auditory canal [10]. This micro-organism tolerates oxygen
for several hours and is able to survive in anaerobic conditions up
to 8 months in vitro. It can also survive for long periods in human
tissues with low oxidation potential [11]. Furthermore, it can resist
phagocytosis and persist in macrophages [12]. Propionibacterium
acnes is most known as the causative agent of acne. It is generally
considered to have a low level of virulence but can cause cerebral,
ocular, spinal and postsurgical infections [13]. In cardiac surgery, it is
an extremely uncommon substrate for primary valve, prosthetic
valve or conduit infection, with a description of only around 70
cases in English cardiac surgery literature to date [14]. Among these
papers, there are several case reports and case series reporting on
this bacterium in relation to endocarditis. Propionibacterium acnes
seems to have a predilection for prosthetic valves [15].
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We report on our case series of 13 patients in a 7-year period
with a proven P. acnes prosthetic valve infective endocarditis. To
the best of our knowledge, it is the largest single-centre case
series described in the literature so far.

PATIENTS ANDMETHODS

Study setting and design

A retrospective study design was used. All patients operated at the
Department of Cardio-thoracic Surgery at the Erasmus Medical
Centre, a large academic teaching hospital in the Netherlands,
between January 2008 and August 2015 were evaluated for the
possibility of having P. acnes endocarditis. To define infective
endocarditis, modified Duke criteria were used [16]. Patients or their
legal representatives provided their written informed consent and
the local Medical Ethics Committee of the Erasmus MC approved
the study (MEC-2015-232).

Baseline characteristics

Only cases that fulfilled the modified Duke criteria for the diagno-
sis of definite infective endocarditis were further investigated for
index surgery, presentation at readmission, redo surgery charac-
teristics, treatment modalities, mortality and outcome parameters
such as a new episode of endocarditis, new valvular dehiscence or
paravalvular leakage.

RESULTS

Patients

Within the period of investigation, no patients with a native valve
P. acnes endocarditis were found. In the cohort of patients who
underwent valve replacement (N = 2466, male 60%), 14 patients
(0.54%) with an implanted cardiac valve prosthesis or conduit
were eligible for the diagnosis P. acnes PVE. All but one patient ful-
filled modified Duke criteria for definite infective endocarditis (11
patients based on pathological criteria with or without clinical cri-
teria; 2 patients based on clinical criteria). The 13 patients under-
went their index cardiac surgery between 2002 and 2014. All but
one patient underwent redo surgery in the same centre, while
one was treated with antibiotics. Characteristics of these patients
and their surgery can be found in Table 1 and in depth in
(Supplementary Table 1).

Patient characteristics at redo surgery

The 13 patients with definite infective P. acnes endocarditis were
all male. The average age was 53 years (range 29–70 years)
(Table 1). All patients had valve replacement in their history (11
aortic, 1 Bentall, and 1 combined aortic and mitral valve replace-
ment): in 2 patients for a congenital defect and in 11 for acquired
valvular dysfunction. The time between index surgery and redo
surgery varied greatly (ranging from 5 to 135 months, Table 1 and
as depicted in Fig. 1). Heart failure based on massive paravalvular
leakage of the prosthetic valve was the clinical presentation of the
majority of patients (n = 11, 85%). All patients were in poor clinical

condition and most of the patients (n = 10, 77%) were admitted to
a referring hospital before readmission at our department. The
majority had an NYHA classification of III or IV at presentation
(n = 10, 77%). The left ventricular function was also poorer than
before. Of the 9 patients with a previously good left ventricular
function, 3 had a poorer function at the time of reoperation for
PVE (Table 1). Comparing the groups based on index surgery lo-
gistic EUROSCORE [17] and redo logistic EUROSCORE reveals a
large difference in the calculated risk of mortality. The mean score
was 4.9% at the index surgery and 28.4% at the redo surgery. At
redo surgery, in all but 1 patient the aortic valve prosthesis was
infected. Of these 12 patients, 5 received a Bentall (42%), 1 a
bio-Bentall, 4 a mechanical aortic valve and 1 a bioprosthesis.
One patient underwent replacement of the mitral valve mechan-
ical prosthesis by a new mechanical prosthesis. Information on
concomitant surgery can be found in Table 1. One patient did not
undergo redo surgery. The index surgery of this patient was an
aortic valve replacement by a mechanical valve. There was no
paravalvular leak at the diagnosis of PVE. Treatment consisted of a
6-week regimen of penicillin and the patient recovered well.
When comparing patients with endocarditis due to P. acnes and
due to other microorganisms, who were operated between 2008
and 2015 at our centre, there were no significant differences
between patient characteristics and 30-day mortality (Table 2).

Surgical findings

In 6 patients, the surgeon classified his findings as fitting with
active endocarditis. In 2 patients, surgeons reported mainly calcifi-
cations but no signs of endocarditis. In 4 patients, no obvious
signs of endocarditis were observed. Valvular dehiscence was ob-
jectified in 11 of the 12 reoperated patients. The one patient
without valvular dehiscence presented relatively shortly after the
index surgery (10 months). Another frequent finding was the for-
mation of cavities; 75% of patients had small crypts or true aneur-
ysm (7 patients with crypts and 2 patients with a true aneurysm).
The latter two required Bentall procedures as did 4 of the 7
patients with small crypts. Two patients had failure to wean from
bypass. In one patient, coronary flow was impaired after place-
ment of a Bentall prosthesis, requiring additional coronary bypass
surgery and placement of a veno-arterial extracorporeal mem-
brane oxygenation (ECMO) device. This patient could be success-
fully weaned from ECMO on the 6th postoperative day. The
second patient developed heart failure with failure to wean from
bypass, requiring placement of an intra-aortic balloon pump, and
had high levels of inotropic and vasopressive support.

Antibiotic regime during and after redo surgery

Nine patients (75%) received antibiotic treatment before surgery
because of positive blood cultures with gram-positive rods. Six
patients were treated with a vancomycin-, 2 patients with a
penicillin-containing regime and 1 patient with a ceftriaxone-
containing regime. After surgery, all patients were treated with
antibiotics for a minimum period of 6 weeks. Different antibiotic
regimes were used. Of the 13 patients, 4 (31%) were treated with
penicillin alone (2–3 million units 6 times daily) and 7 (54%) were
treated with a combination of penicillin (6 times daily 2–3 million
units) and rifampicin 450 mg 2 times daily. The other 2 patients
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received vancomycin (due to allergy) or penicillin in combination
with gentamycin.

Follow-up

The median follow-up after redo surgery was 36 months (range:
1–71 months). Only one patient died due to pneumosepsis,
2 years after surgery, not related to endocarditis. At the time of
analysis, all other patients were alive and showed no signs of
endocarditis. Ventricular function at follow-up was improved
compared with before redo surgery, implying ventricular remod-
elling after repair of the paravalvular leak. Two patients showed a
small paravalvular leak on ultrasound in the follow-up. Both
patients had received a prosthetic valve in the aortic position after
developing PVE. Haemolysis was minimal in both patients and no
reintervention was required. In both patients, no signs of recurrent
prosthetic valve endocarditis were found as proved by negative
blood cultures.

Table 1: Demographics finding of patients at index surgery and redo surgery

n = 13 n = 12
Index surgery Redo surgery

Clinical presentation
Age, mean [SD] (range) (years) 53.4 [12.4] (29–70) 58.2 [13.3] (30–71)
Male 13 (100%) 12 (100%)
Renal insufficiency (not requiring dialysis)a 2 (16%) 5 (42%)
Left ventricular function

Good 10 (77%) 6 (50%)
Impaired 2 (15%) 5 (42%)
Poor 1 (8%) 1 (8)

Cerebrovascular accident history 0 (0%) 2 (17%)
Diabetes mellitus 1 (8%) 1 (8%)
Hypertension 5 (38%) 5 (42%)
Logistic EUROSCORE®, mean [SD] (range) 4.9 [3.7] (10.2) 28.4 [23.6] (77.4)

Type of surgery
Aortic valve replacement, bioprosthesis 1 (8%)
Aortic valve replacement, mechanical valve 9 (69%) 4 (33%)
Aortic valve replacement bioprosthesis and CABG 1 (8%)
Mechanical aortic valve replacement and CABG 1 (8%)
Mechanical aortic valve and root replacement (Bentall) 1 (8%) 4 (33%)
Aortic valve replacement, bioprosthesis, aortic root replacement (bio-Bentall) and CABG 1 (8%)
Bentall and mitral valve plasty 1 (8%)
Aortic and mitral valve replacement, mechanical valves 1 (8%)
Mitral valve replacement composite valve 1 (8%)

Surgical characteristics
Cardiopulmonary bypass time, mean [SD] (min–max time) 2:15 [0:52] (1:19–4:10) 3:55 [2:05] (1:47–9:07)
Aortic clamp time, mean [SD] (min–max time) (h:min) 1:43 [0:40] (1:02–3:00) 2:35 [1:04] (1:27–5:16)
Perioperative antibiotic regime (protocol followed)b 13 (100%) 7 (58%)
Continuation of antibiotic regime during surgery 0 (0%) 5 (42%)
Re-exploration for bleeding 0 (0%) 5 (42%)

Follow-up data
Follow-up time since redo surgery in months, mean [SD] (range) 35 [26] (1–81)
Confirmed new paravalvular leak 2 (17%)
Confirmed re-endocarditis 0 (0%)
Left ventricular function

Good 8 (67%)
Impaired 3 (25%)
Poor 1 (8%)

SD: standard deviation; CABG: coronary artery bypass grafting.
aRenal insufficiency (not requiring dialysis) is a glomerular filtration rate of <60 ml/min/1.73 m2

bProtocol consists of a total of 4 g of cefazoline during a 24-h period.

Figure 1: Time between index operation and redo surgery in months.
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DISCUSSION

In this study, patients with a proven PVE with P. acnes were evalu-
ated. All patients were male and they all had previous valve re-
placement. Time between index surgery and presentation with
endocarditis varied between 5 and 135 months. Twelve of 13
(85%) patients with P. acnes endocarditis presented with severe
paravalvular leak. Crypts or true aneurysms were present in 75%
(9 of 12) of patients reoperated on. Decreased left ventricular
function was present in 40% of patients with a previous good left
ventricular function. At presentation, patients were severely ill, but
none of them died in the perioperative phase. Only one patient
died during long-term follow-up.

The reason why P. acnes endocarditis is predominantly found in
the male population, as also shown in other studies, is unknown. The
difference might be explained by the fact that the absolute
numbers of men receiving cardiac valves are higher; this is not
only reported in the literature but also in our own institute [18]. It
is interesting that the same gender difference phenomenon has
been described in studies on osteo-articular prosthesis infections
with P. acnes [19], especially in patients who have had shoulder
surgery. Still, no clear explanation has been provided why men are
affected more frequently than women.

What is the source of the P. acnes PVE in these men? P. acnes is
considered as an omnipresent and usual commensal skin flora, but
recently it has been shown that it could be considered a potentially
opportunistic pathogen [20]. Propionibacterium acnes carries compo-
nents on its surface that can trigger or mediate inflammatory
processes or that can exhibit cell-adherent properties (dermatan-
sulphate adhesion, thrombospondin type 3 repeat protein) [20].
Contamination of prosthetic material at the time of implantation
due to the presence of P. acnes from either skin flora of the patient,
or from an exogenous source, as well as virulence factors may be re-
sponsible for the increased risk of infection among patients with
prosthetic valves. The long period between index surgery and redo

surgery might be explained by the low virulence of this micro-
organism. In patients with a long time interval between index
surgery and redo surgery (e.g. >11 years in this series and >23 years
in known literature [21]), virulence will most likely have occurred
due to bacteraemia from a distant focus and secondary metastasis
to prosthetic valves.
The diagnosis of P. acnes PVE can be difficult. One of the major

problems is the prolonged incubation time of this micro-organism.
Prolonged aerobic and anaerobic cultures of blood and tissue for up
to 2 weeks may be required to detect the organism [21]. In addition,
diagnosis of P. acnes PVE is difficult because of non-specific clinical
symptoms. In addition, the use of the modified Duke criteria is more
complex, because of this particular micro-organism not being
included in the list of typical bacteria causing endocarditis.
Treatment of P. acnes PVE usually consists of surgical reinterven-

tion in combination with antibiotics. Therapeutic strategies can be
a challenge, since surgical reintervention can be associated with a
high risk of an unfavourable outcome and antibiotic regimens are
hindered by the potential of P. acnes to form a biofilm.
In the past, it was common practice to replace an infected pros-

thetic valve with an allograft with an aortic root [9]. Even today the
debate continues whether allograft or valve prosthesis is the best
choice. Allografts have better reconstructive abilities in destroyed
tissue and durability is no problem in the short and intermediate
term; however, long-term durability is limited [22]. This small
series showed that results of reoperation where a new prosthetic
valve and root is placed are good. Those patients presenting with
the formation of crypts or true aneurysms often required the
placement of a conduit in the aortic root position after precise
and complete debridement of the affected area. There was no
topical usage of betadine. The surgical treatment needs to be
combined with an adequate antibiotic treatment.
Surgery times for the redo operation were significantly longer

than for index surgery and the peri- and postoperative course was
complicated by the need for mechanical support devices due to
heart failure in 2 patients and the need for re-exploration for
bleeding in 5 of 12 (42%) patients. Both can be attributed to the
more complex reoperation with adhesions, and longer extracor-
poreal circulation and cross-clamp times. The preoperative condi-
tion of patients was also worse compared with the condition of
patients at the start of the index surgery.
Patients in this series were predominantly treated with penicillin

in combination with rifampicin, as has been proposed in the litera-
ture [23]. In animal studies, rifampicin has shown to play a unique
role in complete sterilization of foreign bodies (in that case with
Staphylococcus aureus) because of its potential to penetrate biofilms
[24]. Resistance of pathogens can vary per country, but for now, this
treatment regime seems adequate for patients with a P. acnes PVE
[20]. Patients with a proven allergy to penicillin (1 patient in this
series) can be treated with vancomycin. The duration of 6 weeks
from redo surgery seemed adequate and was also propagated in
other series [21]. In contrast to previous studies, the mortality in this
study was low. The literature reports a mortality rate of between 15
and 27% [25] fitting the calculated mortality risk using the logistic
EUROSCORE. This series had a 0% 30-day mortality and 7.7% late
mortality. This was, however, 2 years after the redo surgery and was
due to pneumosepsis. This overall very low mortality after PVE
might be explained by advances in postoperative mechanical
support. Furthermore, mortality in our centre for PVE is low. Table 2
presents the complete cohort of PVE patients in the same time
period compared with P. acnes PVE patients, showing similar high
logistic EUROSCORE® scores and a low 30-day mortality.

Table 2: Demographics finding of patients with PVE
between 2008 and 2015

Clinical presentation N = 91 N = 12
PVE complete
population

PVE P. Acnes

Age, mean [SD] (range)
(years)

56.3 [13] (18–81) 58.2 [13.3] (30–71)

Male 72 (79%) 12 (100%)
Renal insufficiency (not
requiring dialysis)a

29 (32%) 5 (42%)

Left ventricular function
Good 55 (60%) 6 (50%)
Impaired 31 (34%) 5 (42%)
Poor 5 (6%) 1 (8%)
Cerebrovascular accident
history

14 (15%) 2 (17%)

Diabetes mellitus 7 (7%) 1 (8%)
Logistic EUROSCORE®
mean [SD] (range)

27.3 [21.2] (82) 28.4 [23.6] (77.4)

30-day mortality 4 (4.4%) 0 (0%)

SD: standard deviation.
aRenal insufficiency (not requiring dialysis) is a glomerular filtration rate
of <60 ml/min/1.73 m2.
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A limitation of this study is the low number of patients. Still, this
series is the largest single-centre series described in the literature.
Overall, some 70 cases were described in the literature before this
series. The reason why our centre has such a large series to de-
scribe is open for debate. The general rate of PVE is no higher
than in other centres. Most likely, the attention for this pathogen
as a substrate for new paravalvular leakage plays a role. This pre-
sumption would imply that P. acnes PVE does occur more often,
but would be undetected in many cases. This could be attributed
to both the latency of this micro-organism in clinical features and
the prolonged culture time it needs.

CONCLUSION

Patients with prosthetic valve surgery in their medical history are
at risk for P. acnes endocarditis. Therefore, if such a patient pre-
sents with a new paravalvular leak, P. acnes PVE should be in the
differential diagnosis and it should be checked with the laboratory
where the cultures are incubated for an appropriate time of 14
days. Therapy generally consists of redo surgery, combined with
antimicrobial therapy consisting of penicillin with or without rifam-
picin. Follow-up of the patients shows favourable outcomes, with
improved ventricular function, no valvular revisions and low mor-
tality. Good cooperation between the cardiologist, surgeon and
microbiologist is important to treat these patients appropriately.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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We read with great interest the paper by van Valen and his colleagues evaluating
patients with prosthetic valve endocarditis (PVE) caused by an opportunistic bacterial
pathogen: Propionibacterium acnes (P. acnes) [1]. The authors should be congratu-
lated for publishing the largest single-centre series to date on the topic, as thus far
the literature was dominated by single case reports. Their work will undoubtedly
help increase appreciation for this often-neglected etiology of endocarditis. We
would like to add some thoughts on the microbiological aspects of PVE caused by
this facultative anaerobic species.
Diagnosis of PVE caused by this micro-organism is often delayed due to oligosymp-

tomatic and non-specific presentation, hence microbiological confirmation is pivotal
for directing treatment. Unfortunately, aside for establishing positivity of blood and/
or tissue cultures, no further elaboration was given on the microbiological techniques
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