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Infective endocarditis (IE) is a relative-
ly rare disease with an incidence of <10

cases/100,000 person-years. Despite
early diagnosis and prompt treatment, IE
is associated with high morbidity and
mortality.1-4 The causes and epidemiology

of this disease have evolved in recent
decades, with doubling of the average
patient age and an increased incidence in
patients with indwelling cardiac devices.5
Among the major risk factors for IE,
degenerative valve disease, diabetes, can-
cer, intravenous drug use and congenital
heart disease have become more prevalent
than rheumatic heart disease in high-
income countries.5 Furthermore, health-
care-acquired IE accounts for 25–30% of
contemporary cohorts.5 Transient bac-
teremia, which occurs in a wide variety of
procedures and manipulations associated
with mucous membrane trauma, as in the
setting of poor oral hygiene and periodon-
tal disease, or in the course of normal
daily activities (e.g., tooth brushing), may
play a role in some cases of IE.6

Although people who use injectable
drugs are at higher risk for IE, this is only
considered to be a “minor indicator” of
disease by the modified Duke’s criteria.7

Despite the increased prevalence in
patients with all types of devices, IE on
atrial septal defect (ASD) closure devices is
extremely rare and is reported to be more
frequent early after the procedure.3,8

We describe here a case of late IE after
percutaneous closure of PFO. We also
performed a literature review on this sub-
ject.

METHODS

A systematic review was performed
according to the Preferred Reporting
Items for Systematic Reviews and Meta-
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INTRODUCTION

MATERIALS AND METHODS

IInfective endocarditis (IE) on atrial septal defect (ASD) closure devices, while extremely rare, has been reported to

be more frequent early after the procedure. We describe a case of late IE after percutaneous closure of patent fora-

men ovale (PFO). We also performed a literature review on this subject. 

We reviewed a total of 42,365 patients who were treated with percutaneous devices: 13,916 for ostium secundum (OS)

(32%), 24,726 for PFO (58%) and 3,723 for OS+PFO (8%). Among these patients, we identified 50 cases of IE after atrial

septal defect device closure (0.001%). 

In contrast to previous reports, nearly 66% of IE in this setting occurred late, after at least 6 months from the

procedure (33/50 patients). A statistical analysis clearly showed that the mean time from the procedure to IE

increased in the last five years, probably associated with a change in antiplatelet therapy after ASD closure.

Management of IE on an ASD occluder should always be discussed in the setting of a multidisciplinary heart team

that includes a cardiologist, cardiac surgeon, and anesthetist. While surgical strategies gave excellent results,

conservative management might be considered in cases of small IE vegetations and for patients in good general

condition. However, in these cases, the patient must be closely observed with repeated blood and instrumental tests.

ABSTRACT

Figure 1. PRISMA Flowchart of case selection according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. A comprehensive systematic search was performed to
identify studies on infective endocarditis on Amplatzer (IE). Ovid MEDLINE (in-process and other nonin-
dexed citations and Ovid MEDLINE 1946 to present), Ovid EMBASE (1974 to present), as well as The
Cochrane Library (Wiley), PubMed, and Google Scholar databases were searched from their inception to
June 2021 using keywords and MESH terms “atrial septal defect”, “endocarditis”, “catheter device endo-
carditis”, “device closure endocarditis”, “patent foramen ovale endocarditis” or “PFO”, “ASD”,
“Amplatzer”, “ASO”, “STARFlex”, “CardioSEAL”, “interventional catheterization” and “infective endo-
carditis”. In total, 47 papers that included 50 patients and a total of 50 IE cases met the eligibility crite-
ria. 
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Analyses (PRISMA) statement. We iden-
tified 49 eligible papers that included 51
patients with ostium secundum (OS)/
patent foramen ovale (PFO) closure-
related endocarditis. The following data
were collected: patient sex and age at the
time of diagnosis; time interval between
ASD closure and endocarditis; eventual
residual shunt, symptoms at presentation;
diagnosis and germ involved; treatment
and management strategy; peri-operative
outcomes; and device endothelialization.

Search strategy
A comprehensive systematic search

was performed to identify studies on IE.
Ovid MEDLINE, Ovid EMBASE, as well
as The Cochrane Library (Wiley),
PubMed, and Google Scholar databases
were searched from their inception to
June 2021 using the following keywords
and MESH terms: “atrial septal defect”,
“endocarditis”, “catheter device endo-
carditis”, “device closure endocarditis”,
“patent foramen ovale endocarditis” or
“PFO”, “ASD”, “Amplatzer”, “ASO”,
“STARFlex”, “CardioSEAL”, “interven-
tional catheterization” and “infective
endocarditis” in combination (Fig. 1).

Study selection and inclusion
criteria

To eliminate data duplication, a com-
prehensive search was performed by 2
reviewers (WV and MDA) for the prelim-
inary inclusion in the study. A third inde-
pendent reviewer (ADL) confirmed the
adequacy of abstracts based on pre-
defined inclusion criteria. We did not set
any restrictions on the study setting, year,
place, or language on the first screening.
We included pediatric and adult patients
who were treated for OS and/or PFO
closure, excluding other indications. Stud-
ies identified during title or abstract
screening were included for full-text
review.

A second round of eligibility screening
was applied to the retrieved full text. In
their meta-analysis and review, Butera et
al.9 reported 1,812 patients with
OS/PFO treated with percutaneous
devices and 1,270 treated surgically, and
only identified a single case of IE in the
surgical series, and was therefore not
considered in our analysis. One case
report was not included because it was
written in Russian.10

Statistical analysis
All statistical analyses were performed

using MedCalc Statistical Software ver-

sion 15.8 (MedCalc Software bvba,
Ostend, Belgium; 2015). We created a
distribution plot to compare the range
and distribution of numerical data in the
different groups. A Kruskal-Wallis test
was used to compare the time between
the interventional procedure and endo-
carditis presentation.

CASE REPORT

A 31-year-old man presented with
worsening fever and cough associated
with left knee swelling that was not
responsive to steroid therapy. He had a
history of drug abuse and was on anti-
retroviral therapy for HIV. Three years
previously he had undergone PFO clo-
sure with an Amplatzer device (Abbott
Structural Heart, Plymouth, MN). 

On physical examination, there was a
widely harsh vesicular murmur with right
basal hypophonesis, tachycardia and
swelling of the right knee with functional
impotence.

A methicillin-sensitive Staphylococcus
aureus was isolated from blood cultures.
Left leg magnetic resonance imaging

(MRI), lumbar MRI and total body com-
puted tomography (CT) showed spots of
infective embolism disseminated
throughout the body, the lung and multi-
ple abscess collections with a necrotic
core in the left leg. Transesophageal
echocardiography showed multiple for-
mations on the right side of the inter-
atrial septum in an area corresponding to
the previously implanted closure device
and floating into the right atrium up to
the tricuspid orifice (maximum size 5 x
0.6 cm); the left side of the inter-atrial
septum appeared to be free from vegeta-
tion and completely covered by a thin
layer (thickness about 3 mm) of tissue.
He started a target antibiotic therapy with
piperacillin/tazobactam and teicoplanin,
which was switched to daptomycin and
amikacin for persistent fever. 

The patient underwent high-risk car-
diac surgery for Amplatzer® removal and
subsequent repair of the atrial defect.
After median sternotomy and cardiopul-
monary bypass, the right atrium was
opened and an extensive vegetation of
3.5 mm was removed, including the pre-
viously implanted device (Fig. 2).
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Figure 2. Echocardiographic and operative images. A) Pre-operative transesophageal echocardiographic
findings, in TransGastric RV inflow, of infective endocarditis (arrowheads) adherent to the body of the
Amplatzer (AMP) projecting into the right atrium. It commits the tricuspid valve in systolic movement with-
out adhesion to it. RA, Right Atrium; RV, Right Ventricle. B) Surgical view of the endocarditis (arrowheads)
from a right atrium approach in bicaval cannulation. SVC, Superior Vena Cava; ICV, Inferior Vena Cava; TV,
Tricuspid Valve. C) Surgical sample of endocarditis (arrowheads) adherent to the removed Amplatzer
(AMP). 

CASE REPORT
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The remaining inter-atrial defect was
repaired with an autologous pericardial
patch. 

The postoperative course was
uneventful, with regression of symptoms
and progressive reduction of the dissemi-
nated abscess collections. He completed
his course of antibiotic therapy and was
discharged home on day 40. At 6 months
after the operation, he was free from
symptoms and echocardiography signs.  

RESULTS

We selected 47 studies on ASD device
implantation, including a meta-analysis,11
two follow-up studies,12,13 a database
review,14 a single-center case–control
study,15 41 case reports8,16-55 and our
patient. 

Eventually, a total of 42,365 patients
who had been treated with percutaneous
devices, 13,916 for OS (32%), 24,726
for PFO (58%) and 3,723 for OS+PFO
(8%), were included in our review.
Among these patients, we identified 50
cases of infective endocarditis after atrial
septal defect device closure (0.001%)
(Tables I,II). Of the 50 cases identified,
16 (32%) were following PFO closure
and 34 (68%) were following OS closure
(Fig. 3A).

In their meta-analysis, Abaci et al.11
reported 3 cases of IE among 28,142
patients (0.0001%), consisting of 2 PFOs
and one OS closure. Sievert et al.12 and
Sadiq et al.13 analyzed 200 and 205
patients, respectively, and together
reported only 3 cases of IE: two after OS
and one after PFO closure. Verma et al.14
reviewed databases of patients treated for
PFO at 18 western institutions and found
one case of IE among 13,736 patients.
Saguner et al.15 compared two groups of
20 patients each who had been treated
for PFO, and found one case of IE. The
remaining cases were described as case
reports: 31 cases of IE following OS and
11 following PFO closure. Among all of
the patients, 16 cases occurred within 6
months from the implantation and 30
cases occurred after that period; IE was
not reported in the remaining cases (Fig.
3B). The time from the procedure to
diagnosis ranged from 2 days to 15 years.
The patient age at diagnosis ranged from
10 months to 76 years. The indication for
the initial procedure was specified in a
total of 19 patients. The indication was
for cerebral disease in 11 patients
(11/19), moderate dimension of OS in
4, dyspnea in 2, poor weight gain and
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Figure 3. Distribution Plot. A) Congenital heart disease distribution in 15/46 (32%) cases following PFO
closure and 31/46 (68%) following ASD closure; B) Early/late case distribution in 14/42 (33%) early
cases and 28/42 (66%) late cases.

Table II
Summary of data collected

Clinical data

CHD
Ostium secundum ASD
Patent Foramen Ovale

34/50
16/50

Age 10 months – 76 years

Sex
Male
Female
XXY

23
18
1

Device

Amplatzer
CardioSEAL
Figulla Flex II

Helex
ASDOS
CardiaStar
STARFlex

Cocoon AS Device

31
3
4
3
2
1
1
1

CardiaStar 1

Time interval (from 
procedure to endocarditis)

2 days – 15 years

Residual shunt
Yes
No

4
23

Diagnosis

Culture (blood, urine, emboli)
TEE
TTE

other (angiography, TC, 
serology test)

42
34
25
5

Emboli
Yes
No

18
21

Surgical removal
Yes
No

35
11

Endothelialization
Complete
Incomplete

6
17

Vegetation
Yes
No

42
4

Survival
Yes
No

40
4

RESULTS
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recurrent lower respiratory tract infec-
tions in one, and moderate shunt in one.
The presence of residual shunt as a risk
factor for IE was reported in just four
patients; it was not specified in 21
patients, and not present in the rest. The
types of devices used were the
Amplatzer® (AGA Medical, Golden Val-
ley, MN, USA) in 31, CardioSEAL (NMT
Medical, Boston, MA) in 3, Figulla Flex II
ASD occluder (FPO, Occlutech, Jena,
Germany) in 4, Helex (W.L. Gore &
Associates, Flagstaff, AZ, USA) in 3,
ASDOS (Sulzer, Winterthur, Switzer-
land) in 2, CardiaStar (Cardia, Burnsville,
MN, USA) in one, STARFlex (NMT
Medical, Boston, MA) in one, and a
Cocoon AS device (Vascular Innovations
Co., Nonthaburi, Thailand) in one; the
device was not specified in 4 cases.  Vege-
tations were detected echocardiographi-
cally on the left side of the device in 19
cases, on the right side in 5, and bilaterally
in 9. In 2 patients they involved the mitral
valve, tricuspid valve, and the septum
bilaterally. The vegetation was near the
tricuspid valve in one patient. It involved
the left side, right side and outflow tract
in one case, the left side and mitral valve
in one, the left side, right side and aortic
root in one, and both the left side and aor-
tic valve in one. Vegetations were not pre-
sent in 2 cases and their presence was not
specified in 8 patients. The process of
endothelization was described in 23
patients; endothelialization was absent or
incomplete in 17 and complete in 6. Two
patients were described as injectable drug
users. Most patients (n= 35/50) under-
went surgical procedures to remove the
device after antibiotic treatment, 11 were
only treated with antibiotics, and treat-
ment was not specified in 4. Surgical
treatment was always preceded by target-
ed antibiotic therapy, allowing a reduction
of the infective process, unless the surgical
indication was urgent. In 11 patients, an
associated procedure was performed:
coronary artery bypass grafting in 2
patients, isolated mitral valve repair in 2,
aortic valve replacement in 2, mitral
repair and Ebstein anomaly repair in one,
mitral valve replacement in one, and aor-
tic noncoronary sinus repair in one.
Regarding complications, 16 cases of
embolism were described, one patient
required a thoracoscopic decortication for
pleural effusion, pacemaker implantation
was necessary in one patient, two patients
died after surgery, and one patient died of
septicemia and multi-organ failure before
surgery.

Symptoms and Diagnosis 
Most of the patients presented with

intermittent or high fever, Janeway lesions,
body aches and myalgias, fatigue, weight
loss and chills. Other common presenta-
tions were sepsis and septic shock, throm-
boembolism and, more rarely, Osler
nodes. Frequently, the patients reported
neurological symptoms, such as lethargy,
altered sensorium, unconsciousness, pho-
tophobia, or headache, or presented with
meningitis on admission. Other peculiar
presentations were spondylodiscitis and
palpitations. Diagnosis was achieved
through blood cultures associated with
transthoracic and/or transesophageal
echocardiographic assessments. In some
cases, additional cultures were obtained,
such as of thoracic drainage liquid, urine,
liquor, wound, joint aspirate and surgical
sample cultures. If needed, imaging assess-
ment was performed with coronary
angiography evaluation and CT scan.

Microbiological results and
treatment approach

Three case reports describe the
presence of signs of infection before
device implantation. While Bullock et
al.17 reported recurrent lower respira-
tory tract infection, Goldstein et al.50
and Calachanis et al.18 mentioned sore
throat and low-grade fever. In those
papers, the time interval between
device implantation and evidence of
endocarditis was short: 2 days to 10
weeks. While the most frequently
encountered pathogen was Staphylo-
coccus aureus (27/50, 54%), either
MRSA or MSSA, another recurrent
pathogen was β-hemolytic Streptococ-
cus. The most commonly used antibi-
otics were vancomycin, gentamicin,
and β-lactam antibiotics. The com-
plete list of pathogens and associated
antibiotic therapies is repor ted in
Table III.
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Table III
Infective data

Clinical data n
Microorganism (sometimes in 
combination)

Staphylococcus aureus
MRSA
MSSA

β-Hemolytic Streptococcus
lactam antibiotic Coagulase-negative 
Staphylococcus
Bacillus pumilus
Candida albicans
Klebsiella pneumoniae
Acinetobacter
P. aeruginosa
Staphylococcus lugdunensis
Streptococcus pyogenes
Escherichia coli
Streptococcus pneumoniae
Corynebacterium diphtheriae
Streptococcus oralis
Haemophilus parainfuenzae

28
5
8
3
1
1
1
1
1
1
1
1
1
1
1
1
1

Antibiotic therapy (often in
combination)

β-lactam antibiotic 
Glycopeptide
Vancomycin
Aminoglycoside 
Gentamycin
Cephalosporin 
Antitubercular
Cyclic lipopeptides 
Antifungals 
Carbapenem 
Quinolone 
Oxazolidinones 
Nitroimidazoles 
Lincosamide 
Acyclovir

16
15
14
11
10
9
5
5
2
2
2
1
1
1
1
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Statistical analysis
For the statistical analysis, we divided

the patients into two groups. The first
group included cases up to 2016, which
were reported in the last review of the
literature on device endocarditis by
Amedro et al.8 The second group
included cases from 2016 to April 2023,
which our team found in the literature.
The first distribution plot shows 16/50
(32%) cases following PFO closure and
34/50 (68%) cases following OS clo-
sure (Fig. 3A). The second plot shows
17/50 (34%) early cases and 33/50
(65%) late cases (Fig. 3B). A Kruskal-
Wallis test demonstrated (p=0.021)
that, in cases described after the article
by Amedro et al., the mean time
between the interventional procedure
and the manifestation of endocarditis
increased. The mean time from the pro-
cedure increased from 2.7 to 5.2 years
(Fig. 4).

DISCUSSION

This is the first report to collect infor-
mation on the diagnosis, natural history
and management of IE on closure devices
for ASD since Amedro et al.8 In this
review, we included papers over the last
five years and analyzed differences in
characteristics and trends with respect to
those in the previous period.

Considering the large number of
patients included in the present review,
we can confirm that infective endocardi-
tis following percutaneous ASD device
closure is an exceptional event, as previ-
ously reported. In fact, we found only 50
cases of infective endocarditis from
among 42,365 patients treated with such
procedures. 

Unlike the findings reported by Ame-
dro et al.,8 nearly 66% of the cases of IE
in this setting occurred late, after at least
6 months from the procedure (33/50

patients). The statistical analysis clearly
showed that the mean time from the pro-
cedure to IE increased over the last five
years. 

Before considering the possible causes
of this increase, it is important to high-
light how to best prepare for the proce-
dure. To minimize the risk of IE in a
non-febrile patient, percutaneous ASD
device closure must be performed. Addi-
tionally, blood analyses such as white
blood cell counts, c-reactive protein, pro-
calcitonin, blood and urine cultures
should be obtained to exclude the possi-
bility of bacteremia. From cases in which
infective signs were present before
implantation, it is evident how the proce-
dure can be easily complicated with IE in
a brief time (from 2 days to 10 weeks). 

While the real cause of late IE is still
unclear, we can speculate that this is
probably due to several reasons: a) antibi-
otic prophylaxis is recommended for the
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first 6 months after implantation in the
absence of residual shunts,4 and b) a delay
in the device endothelization process
increases the possibility of bacterial adhe-
sion.21

While it would be unnecessary to
extend antibiotic prophylaxis beyond 6
months in all patients, it could be indicat-
ed in those with severe comorbidities
and/or a history of injectable drug abuse. 

In addition, the current guidelines
suggest that antiplatelet therapy (APT)
should be used to aid complete device
endothelization, but this may be a very
long process that may take up to 5
years.56-59. In case of OS closure, dual
APT (DAPT) is recommended for 3
months, followed by single APT (SAPT)
for another 3 months. In case of PFO clo-
sure, DAPT is recommended for 1 to 6
months followed by SAPT up to 12
months (5 years according to the latest
consensus),56,60 which is different from
previous guidelines which suggested
SAPT for 6 months.61 If we consider all of
the patients in our review, it is clear that
the antiplatelet regimen was applied
according to the old guidelines and this
could probably have justified a delay in
endothelialization in some cases. 

Management of IE on an ASD occlud-
er should always be discussed in the set-
ting of a multidisciplinary heart team that
includes a cardiologist, cardiac surgeon,
and anesthetist. While surgical strategies
gave excellent results, conservative man-
agement might be considered in cases of
small-size IE vegetations and when the
patient is in good general condition.
However, in these cases, the patient must
be closely observed with repeated blood
and instrumental tests.

CONCLUSION

While infective endocarditis is rela-
tively rare after percutaneous ASD clo-
sure, it can lead to several complications.
Considering the unresolved controver-
sies, a better pre-procedural evaluation of
the infectious disease state and improved
infection prevention following the proce-
dure in these patients are mandatory. 

We must educate patients about the
risk of infection in everyday life and ways
to limit it. While it would be unproduc-
tive to modify the current guidelines by
extending the period of antibiotic pro-
phylaxis in all patients, this may be neces-
sary for some in high-risk categories. 

For patients with a history of intra-
venous drug abuse, we may also consider

intensifying inpatient drug rehabilitation,
performing a closer and lifelong follow-
up, and customizing treatment for other
infective diseases. 
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