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Abstract
The aim of the study was to evaluate the ability to detect extra-cardiac foci by means of whole-body 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (FDG-PET/CT) in patients with definite endocarditis (IE) according 
to the modified Duke criteria and investigate the clinical impact of the findings. From January 2011 to December 2015 we 
included 178 patients (mean age 66 ± 14 years, 25% female) with IE in this multicentre study. FDG-PET/CT was part of 
the work-up for extra-cardiac foci in the including hospitals and was performed at a median of 9 days (IQR 10) after IE was 
diagnosed. In 114 patients FDG-PET/CT identified 166 lesions: 52 (31%) infectious lesions, 21 (13%) cases of cancer, 7 
(4%) cases of embolism, 60 (36%) reactive findings, and 26 (16%) other types of lesions. A total of 74 new extra-cardiac 
findings, not previously discovered by other modalities, were identified in 62 patients and resulted in additional investiga-
tions in 29 patients and a change in treatment in 18 patients (10%). The most frequent diagnoses discovered by FDG-PET/
CT were colon polyps, cancer, and spondylodiscitis. There was a higher rate of findings leading to a change in treatment in 
patients above 67 years of age infected with other bacterial aetiologies than streptococci. FDG-PET/CT was useful to detect 
extra-cardiac foci. FDG-PET/CT findings may lead to unnecessary investigations. One out of 10 the patients with definite 
endocarditis had underwent a change in treatment regimen based on the FDG-PET/CT findings.
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Introduction

Infective endocarditis (IE) is a rare disease with a poor prog-
nosis despite improvements in treatment [1]. The course and 
prognosis of the disease may be influenced by extra-cardiac 
manifestations, such as cerebral embolism, vasculitis, spon-
dylodiscitis, abscesses, gastrointestinal or other cancers, and 
septic arthritis, which are frequently associated with or seen 
as complications of IE [2–5]. Extra-cardiac foci may neces-
sitate additional or adjusted treatment or require further 
diagnostic work-up or follow-up, and findings may influ-
ence the indications for surgery [6–8]. The identification of 
extra-cardiac foci in patients with IE is therefore essential 
but can be challenging [9].

In 18F-fluoro-deoxyglucose positron emission tomog-
raphy (FDG-PET), FDG accumulates in organ tissues and 
lesions with enhanced glucose metabolism. The modality 
may be useful to detect infectious and inflammatory foci 
and unknown malignancies in IE patients, which are known 
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to be associated with IE. The sensitivity and specificity of 
FDG-PET/CT vary depending on location [2–5, 10–14]. In 
the 2015 European Society of Cardiology (ESC) guidelines, 
FDG-PET/CT was suggested as a tool for the detection of 
peripheral embolic and non-cardiac infectious complica-
tions, and endocardial FDG accumulation has been included 
as a major criterion in the diagnosis of IE [15]. Further-
more, two recent reviews addressing imaging in IE patients 
recommended integrating FDG-PET/CT into the standard 
work-up for all patients diagnosed with endocarditis [16, 
17]. However, the clinical value of using FDG-PET/CT for 
identification of extra-cardiac foci in patients with IE has 
only been examined in a few minor studies, and the results 
are conflicting [2, 12–14, 18–20].

The primary aim of this study was to examine the clini-
cal usefulness of FDG-PET/CT for the detection of extra-
cardiac foci in a larger cohort of patients with definite endo-
carditis. The secondary aim was to examine if any baseline 
variables or characteristics of the disease were associated 
with the number of clinically significant findings detected 
by FDG-PET/CT.

Methods

Cohort selection

The patients were recruited from three teaching hospitals 
in the capital region of Denmark (Rigshospitalet, Hillerød 
Hospital, and Herlev-Gentofte Hospital). Local IE guide-
lines at the three centres included whole body FDG-PET/
CT for extra-cardiac work-up in all patients with a definite 
diagnosis of IE. IE was diagnosed by an expert team accord-
ing to the modified Duke criteria [15, 21]. All adult patients 
diagnosed with IE and examined by FDG-PET/CT as part 
of the IE work-up between January 1, 2011, and Decem-
ber 31, 2015 were included in the study and retrospectively 
evaluated. The patients were treated in accordance with the 
ESC guidelines [15, 21]. Clinical data, laboratory data, and 
the FDG-PET/CT results were collected from the patients’ 
medical records in October 2016. The patients’ medical 
records were systematically reviewed, and medical history, 
symptoms, findings, comorbidities, microbiology, echocar-
diographic findings, and treatment were registered.

For patients readmitted with IE during the study period, 
only the first admission was included. The study was con-
ducted in accordance with the Declaration of Helsinki and 
approved by the Danish Data Protection Agency [j.nr. 2012-
58-0004 (3-3013-1464/1/)].

FDG‑PET/CT

Whole body FDG-PET/CT was performed using Sie-
mens dedicated PET/CT scanners (Biograph 64 True D or 
mCT) at Herlev-Gentofte Hospital and Rigshospitalet and 
a Philips Gemeni TF scanner at Hillerød Hospital. A dose 
of 4 MBq 18F-FDG per kilogram body weight was injected 
60 min prior to the whole-body PET/CT scan and after a 
fasting period of at least 6 h. Contrast-enhanced CT was 
performed immediately before PET. The PET acquisition 
time was dependent on body mass index. The CT and PET 
data were reconstructed in all three dimensions and the 
fused images interpreted by specialists in nuclear medicine 
and radiology, the results were evaluated, and a clinical 
report was made during hospitalisation.

FDG‑PET/CT data and evaluation

In the FDG-PET/CT scans each abnormal extra-cardiac find-
ing was categorized as a suspected infectious focus, can-
cer, peripheral embolism, reactive finding, or other finding. 
Reactive findings were slightly positive PET foci, which the 
specialists in nuclear medicine and radiology did not con-
sider to be of infectious or malignant nature. If a FDG-PET/
CT finding had not been identified previously, suspected 
by other diagnostic modalities or mentioned in the medi-
cal records, it was considered a new finding. A new finding 
leading to further diagnostic work-up, a change in treatment, 
or a new additional diagnosis during 6 months of follow-up 
was considered clinically significant. Other findings were 
considered clinically insignificant. Whether the individual 
clinically significant finding was detected by PET, CT, or 
both modalities was evaluated by reviewing the scan results 
described by specialists in nuclear medicine and radiology. 
Findings mentioned exclusively in the PET report or exclu-
sively in the CT report were designated new PET and new 
CT findings, respectively. For a lesion identified by both 
modalities, the focus was interpreted as a combined PET 
and CT finding.

Statistical analysis

Continuous data are presented as means ± standard devia-
tion (SD) or as median with interquartile range (IQR), as 
appropriate. Categorical data are presented as n (%). Con-
tinuous variables were compared using the Student’s t test, 
and categorical variables using chi-squared. A two-sided p 
value < 0.05 indicated statistical significance. All analyses 
were performed using SPSS software version 22.0 (IBM 
Corp., USA).
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Results

Patient characteristics

From three hospitals a total of 178 patients [(Rigshospitalet 
(80 patients), Hillerød Hospital (39 patients), and Herlev-
Gentofte Hospital (59 patients)] diagnosed with IE were 
enrolled in the study. Baseline characteristics are shown in 
Table 1. The most frequent causative bacteria were strep-
tococci, Staphylococcus aureus, and enterococci (Table 2). 
Cardiac surgery was performed in 71 (40%) of the patients 
during the disease-course. At clinical follow-up 6 months 
after discharge, five patients had experienced a relapse of IE, 
and in five other patients reinfection with other bacteria had 
occurred. Thirteen patients (7%) died during hospitalization 
and 31 (17%) had died 1-year after the diagnosis of IE.

FDG‑PET/CT results

FDG-PET/CT was performed as part of the routine work-up 
at a median of 9 days (interquartile range [IQR] 10) after 
IE diagnosis. FDG-PET/CT identified 166 extra-cardiac 

foci in 114 patients; another 14 patients only had a cardiac 
focus and 50 (28%) patients had no lesions on FDG-PET/
CT (Fig. 1). Among the 166 extra-cardiac findings, 52 (31%) 
were interpreted as infectious findings, 21 (13%) cancer, 7 
(4%) peripheral embolisms, 60 (36%) reactive findings, 
and 26 (16%) other types of lesions. Other types of lesions 
included pleural effusion, pneumothorax, infarction, peri-
cardial effusion, FDG-negative infiltrate, cholecystolithiasis, 
diverticulosis, fistula, aortic aneurysm, cholestasis, arthritis 
urica, hydronephrosis, enlarged prostate, polyp, and discus 
prolapse.The 166 foci were localized in the bones (n = 31; 
16%), intestines (n = 30; 16%), lungs (n = 25; 13%), lymph 
nodes (n = 20; 10%), kidneys (n = 15; 8%), muscles (n = 13, 
7%), spleen (n = 11; 6%), liver (n = 9; 5%), oral cavity (n = 7; 
4%), and other localizations (n = 31; 16%).

In 24 patients (13%), the foci were known already from 
the patients’ medical history. Lesions described as reactive 
foci (n = 60) were not clinically significant according to the 
treating physician. Out of 166 extra cardiac findings, 74 foci 
(in 62 patients) were considered new and unknown extra-
cardiac findings.

Table 1   Baseline characteristics 
of endocarditis patients at time 
of diagnosis

Data are given as n (%) unless otherwise noted
RH rigshospitalet, HGH Herlev-Gentofte Hospital, HH Hillerød Hospital
a Blood samples measured at time of initiation the antibiotic treatment

RH, n = 80 HGH, n = 59 HH, n = 39 Total, n = 178

Mean age, years (SD) 65 (12.9) 72 (14.3) 65 (16.3) 66 (14.4)
Female 18 (23) 17 (29) 10 (26) 45 (25)
Tobacco
 Current 22 (28) 7 (12) 12 (31) 41 (23)
 Previous 30 (38) 30 (51) 12 (31) 72 (40)
 Non-smoker 28 (35) 22 (37) 15 (38) 65 (37)
 Alcohol abuse 10 (13) 5 (8) 7 (18) 22 (12)
 Cancer 4 (5) 12 (20) 6 (15) 21 (12)
 Chronic obstructive pulmonary disease 15 (19) 8 (14) 5 (13) 28 (16)
 Diabetes mellitus 16 (20) 16 (27) 11 (28) 43 (24)
 Dialysis 2 (3) 8 (14) 6 (15) 16 (9)
 Hypertension 36 (45) 37 (63) 24 (62) 97 (55)
 Heart failure 17 (21) 11 (19) 5 (13) 33 (19)
 Pre-existing valvular disease 45 (56) 22 (37) 19 (49) 86 (48)

Type of prosthetic heart valve
 Biological valve 17 (21) 9 (15) 7 (18) 33 (19)
 Mechanical valve 4 (5) 4 (7) 3 (8) 11 (6)
 Intracardiac device 14 (18) 12 (20) 5 (13) 31 (17)
 Previous infective endocarditis 10 (13) 7 (12) 2 (5) 19 (11)
 Immune deficiency 10 (13) 7 (12) 6 (15) 23 (13)

Inflammatory markersa

 Mean C-reactive protein, mg/l (SD) 149 (99) 148 (104) 133 (79) 145 (96)
 Mean leucocytes, × 109/l (SD) 13 (6) 11 (4) 12 (4) 12 (5)
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Clinical implications of FDG‑PET/CT findings

Immediately changes in treatment after FDG‑PET/CT 
evaluation

In the 62 patients with 74 new and unknown FDG-PET/CT 
findings, seven patients underwent an immediate change in 

treatment: two with spondylodiscitis (resulting in prolonged 
antibiotic treatment), one with infection in an endovascu-
lar stent graft in the aorta (resulting in prolonged antibiotic 
treatment), one with pleural effusion (resulting in pleural 
drainage), one with pulmonary embolism (treated with rivar-
oxaban), one with a suspected infection in a knee prosthe-
sis (surgery), and one with hydronephrosis due to prostate 
hyperplasia (urinary catheterization). The suspected infec-
tion of a knee prosthesis was ruled out after further micro-
bial investigation of the knee graft after surgery; thus, the 
patient had an unnecessary knee surgery due to a positive 
FDG-PET/CT scan.

Additional diagnostic work‑up and changes in treatment

Twenty-nine patients with newly discovered foci required 
further investigations. The investigations included magnetic 
resonance imaging (MRI), CT, ultrasound, colonoscopy, and 
biopsy, among others. Based on these investigations, 17 
patients (10%) were given a new diagnosis, resulting in new 
treatment for 11 patients: four with colon polyps (resected 
during the colonoscopy), two with cancer [one had surgery 
for adenocarcinoma in the colon and one chemotherapy for 
diffuse large B-cell lymphoma (Fig. 2)], three with spondylo-
discitis (prolonged antibiotics), one mycotic aortic aneurysm 
(prolonged antibiotics), and one with epididymitis (antibi-
otic treatment). The six new diagnoses that did not alter 
treatment were two colon polyps, two tumours (one urothe-
lial carcinoma and one thyroid adenoma; patients refused 
treatment), one fibroma, and one loose hip prosthesis.

A total of 17 (10%) patients were considered to have their 
therapy changed due to positive FDG-PET/CT results (five 
with spondylodiscitis, four with colon polyps, two with a 
cancer, one with an infection in an endovascular stent graft, 
one with a mycotic aortic aneurysm, one with pleural effu-
sion, one with a pulmonary embolism, one with hydro-
nephrosis, and one with epididymitis), 18 (10%) patients 
underwent further investigation that excluded suspicion of 
infection or malignancy, and 1 (1%) patient had potentially 
futile surgery.

Comparison of PET and CT results

Of the 62 patients with 74 new non-reactive foci, 13 (18%) 
foci were detected by PET only, 10 (14%) by CT only, and 51 
(69%) by both modalities (PET and CT). Of the 29 patients 
with 34 foci, which required further investigation, 6 (18%) 
foci were detected by PET only, 1 (3%) by CT only, and 27 
(79%) were discovered by both modalities. Among the 18 
diagnoses that led to a change in treatment, 3 (17%) foci 
were discovered by PET only, 2 (11%) by CT only, and 13 
(72%) by both modalities.

Table 2   Clinical and microbiological characteristics of endocarditis

Data are given as n (%)

Aetiology
 Streptococcus species 66 (37)
 Staphylococcus aureus 42 (24)
 Enterococcus species 36 (20)
 Coagulase-negative staphylococci 13 (7)
 Culture negative 11 (6)
 Other bacteria species 10 (6)

Echocardiographic characteristic
 Aortic valve infection 108 (61)
 Mitral valve infection 75 (42)
 Tricuspid valve infection 8 (5)
 Pulmonary valve infection 1 (1)
 Other 25 (15)
 > 1 infected valve 36 (20)
 Vegetation > 10 mm 54 (30)

Putative portal of entry
 Cavum oris 22 (12)
 Skin 15 (8)
 Abdomen 10 (6)
 Urinary tract 14 (8)
 Dialysis catheter 12 (7)
 Bones 7 (4)
 Other 8 (4)
 Unknown 90 (51)

178 patients

166 extra-
cardiac findings

(n=114)

74 non-reactive 
findings
(n=62) 

Change in 
treatment

(n=7)

Further 
investigation

(n=29)

Change in 
treatment

(n=11)

No change in 
treatment

(n=18)

No change in 
treatment

(n=26) 

Known findings
(n=24)

Reactive 
findings
(n=28)

No findings
(n=50)

Cardiac 
findings only

(n=14)

Fig. 1   Types and clinical relevance of PET/CT findings in IE patients
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Value of FDG‑PET/CT in subgroups of IE patients

Patients with IE can develop skin manifestations, which 
could be observed on the FDG-PET/CT. In this study, 19 
(11%) patients had skin manifestations described as splin-
ters. Of these, none had FDG uptake in the skin.

In Table 3, characteristics of patients with significant new 
findings are compared to characteristics in patients without 

clinically relevant findings. The vegetation size measured 
during echocardiography (echo) at time of IE diagnosis, 
did not reach level of significant. Older female patients 
and patients with non-streptococcal IE seemed to have a 
higher frequency of significant new findings, but it did not 
reach statistical significance. Only in the subgroup of female 
patients older than the median age of the cohort (67 years) 
with non-streptococcal IE, 53% had significant new findings, 

Fig. 2   New PET/CT findings in 
one of the IE patients. The PET 
positive areas highlighted with 
arrows were a newly discovered 
diffuse large B-cell lymphoma

Table 3   PET/CT extra-cardiac 
findings in patient subgroups

Data are given as n (%) unless otherwise noted

Variable New significant findings 
(n = 62 patients)

Known or insignificant findings 
(n = 116 patients)

P

Mean age, years (SD) 69 (15) 65 (14) 0.07
Female 21 (34) 23 (20) 0.04
Mean days from IE diagnosis to 

PET/CT (SD)
11 (8) 12 (11) 0.55

 Prosthetic valve 11 (18) 32 (28) 0.14
 > 1 comorbidity 34 (56) 56 (48) 0.40

Vegetation size on echo
 < 10 mm 42 (68) 82 (71) 0.81
 ≥ 10 mm 20 (32) 34 (29)

Aetiology 0.07
 Staphylococci 23 (37) 32 (28)
 Streptococci 16 (26) 50 (43)
 Other aetiology 23 (37) 34 (29)
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compared to 20% of patients with streptococcal IE, who 
were younger than 68 years of age (p = 0.02). Of the patients 
who had a change in treatment, 50% were > 67 years old 
and infected with non-streptococcal bacteria. None of the 
patients with a change in treatment were younger than 
68 years old and infected with streptococcal IE.

Discussion

The present study is the largest and first multicentre trial to 
date describing the value of routine FDG-PET/CT under-
taken in patients with Duke defined IE for detection of 
extra-cardiac foci. FDG-PET/CT identified new foci in 35% 
of patients and the findings led to a change in treatment 
in 10% of patients. It seems that female gender and pos-
sibly higher age and non-streptococci were associated with 
a higher detection rate of significant new findings. In 28% 
of the patients the scan did not disclose any findings, and in 
almost half of the patients the lesions revealed by FDG-PET/
CT were already known or reactive findings. In addition, 
FDG-PET/CT led to unnecessary investigations in 18 (10%) 
patients due to false-positive findings.

One of the main FDG-PET/CT findings resulting in a 
change in treatment was spondylodiscitis. All patients with 
FDG-PET/CT-diagnosed spondylodiscitis had back pain 
recorded in their medical records, and further investiga-
tions would likely have been carried out anyway. MRI is 
an equally effective diagnostic tool as FDG-PET/CT for the 
diagnosis of spondylodiscitis [22, 23] but is less expensive 
and does not use radiation. Another relatively frequent find-
ing was colon polyps (4%). Polyps are benign, but some have 
the potential to become malignant over time. In addition, 
polyps have been described as potential portals of entry for 
bacteraemia, and potentially secondary development of IE 
[24].

Unknown cancers were discovered in 4 (2%) patients. The 
incidence of cancer in assumingly healthy participants has 
been investigated in other studies. Tong et al. performed 
prospective screening of 1.572 (mean age 55 years) and 
Minamimoto et al. performed retrospective study on a four-
year screening program of 155.456 (mean age unknown, 
a majority in the age group of 50 s and 60 s) on asymp-
tomatic volunteers, and found 1.2–1.7% unknown cancers, 
78–85% of which were detected by FDG-PET/CT [25, 26]. 
The mean age of the patients in our study was higher than in 
the other two studies. As the incidence of cancer increases 
with age, the incidence of FDG-PET/CT-identified cancers 
in our study seems to be of the same order of magnitude as 
observed in asymptomatic, apparently healthy populations.

Previous FDG-PET/CT studies in IE patients were smaller 
single center studies (n = 24–72 patients) (2.12–14.18–20). 

In a study by Ozcan et al. [12], FDG-PET/CT disclosed 114 
extra-cardiac manifestations in 72 patients. Some of the 
findings were false-positive (44%) or false-negative (60%) 
and were identified by standard work-up. Asmar et al. [18] 
examined the clinical impact of FDG-PET/CT scanning of 
patients with endocarditis and reported that 15% of their 
cohort had clinically important, unknown lesions detected 
by the FDG-PET/CT scan. The baseline characteristics 
and results of these two studies were comparable those of 
the present study. From these two studies, it appears that 
further investigation of positive FDG-PET/CT findings is 
necessary in a large proportion of patients, and that half of 
the lesions represent false positive findings. A few studies 
have compared FDG-PET/CT and leucocyte single-photon 
emission computed tomography (SPECT)/CT. Rouzet et al. 
[27] and Lauridsen et al. [19] found leucocyte SPECT/CT 
more specific than FDG-PET/CT for the detection of IE and 
extra-cardiac infectious foci, but FDG-PET/CT had higher 
sensitivity. Lauridsen et al. [19] concluded that FDG-PET/
CT has a greater clinical impact than leucocyte SPECT/CT. 
Based on the findings from our study and previous stud-
ies [2, 12–14, 18–20, 28] it seems that the clinical benefit of 
FDG-PET/CT screening of patients with IE for extra cardiac 
findings are limited. The majority of the clinical relevant 
findings were symptomatic and would probably have been 
found anyway. On the other hand, FDG-PET/CT does dis-
cover a wide variety of extra-cardiac lesions with only one 
imaging technique, some of the lesions were significant and 
led to a changed treatment. In the considerations of imposing 
screening with FDG-PET/CT in the for standard work-up 
in IE guidelines to identify extra-cardiac foci, we need to 
reflect on the clinical gain from the scan compared with 
false positive finding and unnecessary further investigations 
and treatment.

Limitations

This study has several limitations. First, not all patients 
diagnosed with IE who were admitted to the three hos-
pitals underwent FDG-PET/CT during the clinical work-
up as recommended in the hospitals’ clinical guidelines 
– which may have led to selection bias. This is probably 
the main limitation of this retrospective study. It is con-
ceivable that the healthiest patients were not examined 
by FDG-PET/CT because undiscovered pathological foci 
were not suspected. Some of the most ill patients probably 
did not undergo FDG-PET/CT because it was assumed 
not to have any clinical impact on their general condi-
tion, which is supported by the observed low in-hospital 
mortality. Other patients may have been examined using a 
variety of different diagnostic tools, and the clinicians may 
have considered FDG-PET/CT to not provide additional 
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diagnostic value. Having a control group of IE patients 
without a FDG-PET/CT examination to compare with the 
included patients in this study would have been valuable.

Second, not all the FDG-PET/CT examinations were 
performed at the same time after IE diagnosis; if all scans 
were performed the first day after IE diagnosis, the results 
might have differed. In our study, infectious lesions may 
have disappeared before the scan was performed—due to 
antibiotic treatment or may have become too small to be 
detected by FDG-PET/CT [15]. However, such lesions 
may not have been clinically significant, as they disap-
peared during the current treatment. Furthermore, in our 
study it did not seem that the day the FDG-PET/CT scan 
was performed influenced the results (Table 3).

Third, due to the nature of the retrospective research, 
we were not able to address if any false negative findings 
were present or the exact number of false positive find-
ings. However, some of the positive FDG-PET/CT findings 
resulted in further investigations and in 18 (10%) patients 
the foci turned out to be false positive.

Finally, evaluation of the FDG-PET/CT results was sub-
jective, and it was not the same healthcare professionals 
who treated all the patients.

This study showed that FDG-PET/CT as part of rou-
tine clinical work-up in IE patients is beneficial in some 
patients but also leads to unnecessary investigations in 
some patients. Application of FDG-PET/CT in the work-
up for patients with IE should probably be focused on 
subgroups of IE patients. This study did not have enough 
power to establish which subgroup of patients could clini-
cally benefit the most from FDG-PET/CT investigations. 
This study showed that older patients infected with bacte-
rial species other than streptococci had the highest fre-
quency of clinically significant findings. Further inves-
tigations of the benefit of FDG-PET/CT in different IE 
subgroups are needed.

Conclusion

In this retrospective cohort study, FDG-PET/CT performed 
routinely in IE patients led to the discovery of extra-car-
diac foci in the majority of patients. FDG-PET/CT led to 
unnecessary investigations. In one in ten patients the find-
ings had a clinical impact. The use of routine FDG-PET/
CT for extra-cardiac foci in patients with IE is debatable.
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