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Objectives. The purpose of this study was to examine a qualitative scoring system and a
semi-quantitative method of FDG-PET/CT imaging in the diagnosis of infective endocarditis
(IE).

Methods. We retrospectively included 108 patients who underwent 18F-FDG-PET/CT for
suspected IE. PET/CT scans were interpreted using a 4-point score (0 = no uptake; 1 = cardiac
uptake < blood-pool activity; 2 = blood-pool < uptake < liver activity; 3 = uptake > liver) and
semi-quantitatively using SUVmax and SUVmean of the suspected valve lesion, liver, spleen,
and of the bone marrow (BM). BM and spleen SUVmean were normalized to the liver, and
hypermetabolism (HSBM) was defined as a BM or spleen-to-liver ratio > 1.

Results. Comparing the score criteria results with the clinical final diagnosis, the sensi-
tivity, specificity, positive predictive value, negative predictive value, and accuracy of
qualitative criteria were 93%, 81%, 84%, 91%, and 87%, respectively. A definite IE was
documented in 83% of patients showing HSBM and abnormal cardiac uptake, 44% with
abnormal cardiac uptake, 28% with HSBM, and 10% with neither one.

Conclusion. The qualitative scoring system is helpful in the diagnosis of IE. The HSBM is
an additional, reliable indirect sign of IE. (J Nucl Cardiol 2022;29:2188-94.)
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INTRODUCTION

Infective endocarditis (IE) is defined as infection of
a native or prosthetic heart valve (PVE) or an indwelling
cardiac device (CIED)." IE is associated with high-cost
prolonged hospitalization and impaired quality of life.”

IE was described for the first time in 1885 by Osler,
since then notable improvements in diagnosis and
treatment have been made. However, the mortality is
still high, about 20% in the first 30 days.’

The diagnosis of IE is based on the combination of
clinical, laboratory, and imaging findings. Clinical and
echocardiographic findings are non-specific especially in
PVE and CIED. According to the latest update of the
European Society of Cardiology (ESC) guidelines for
the management of IE, 18-fluorine-fluorodeoxyglucose
positron emission tomography/computed tomography
(18F-FDG PET/CT) is included in the diagnostic
flowchart for the diagnosis of IE especially in patients
with prosthetic heart valve.*

In this context, the use of a simple qualitative
criterion with good interpreter reliability, easy repro-
ducibility, and good diagnostic performance would be
crucial in the diagnosis. We propose a 4-point score, like
Deauville score, to estimate the accuracy of 18F-FDG
PET/CT in detecting IE. (The Deauville 5-point scoring
system is an internationally accepted and utilized five-
point scoring system for FDG avidity in patients with
Hodgkin’s lymphoma or Non-Hodgkin’s lymphoma;
scores of 1 and 2 are negative and 4 and 5 are considered
to be positive)

We also evaluated a semi-quantitative criterion
based on indirect signs such as a diffuse increase in
spleen and/or bone marrow (BM) uptake. The host
defense against IE involves the activation of polymor-
phonuclear cells, macrophages, and lymphocytes
leading to an increase in the glycolytic metabolism,
which could be documented in BM and spleen.>

The aim of our study was to examine the value of
these 18F-FDG PET/CT methods in the diagnosis of IE.

METHODS

Patients’ Selection and Preparation

We retrospectively included 108 patients (57males,
51 females, mean age 62 years; 25 with NVE and 83
with PVE and/or CIED) among patients who underwent
18F-FDG PET/CT scans from 2016 to 2020 for suspi-
cious IE (Table 1).

All patients adopted a specific preparation consist-
ing of a low-carbohydrate, high-protein, and high-fat
diet (LCHPHF) protocol started 72 hours before the
examination to reduce the high physiological
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myocardial FDG uptake. The LCHPHF diet was written
in a menu of permitted and prohibited food given to the
patients at the time of a confirmation phone interaction.
To verify the adherence to the diet, at time of PET scan,
all patents were specifically inquired about their com-
plete adherence to the diet during the previous 72-hours
and on the time of their last meal or snack. The efficacy
of the diet was further visually evaluated by two nuclear
medicine physicians with experience in cardiac imaging,
using a previously validated three-point visual scale’: 0,
negligible myocardium FDG uptake; 1, mild uptake and
doubtful examination; and 2, homogeneously intense
uptake. We included only patients with O scores
(Figure 1).

18F-FDG PET/CT Imaging

18F-FDG PET/CT was performed in all cases with a
glucose level lower than 150 mg-dL. An activity of 3.5-
4.5 MBq-Kg of 18F-FDG was administered intra-
venously and images were acquired at least 60 = 10
min after injection from the skull base to the mid-thigh
on a Discovery ST PET/CT tomograph (General Electric
Company-GE-Milwaukee, WI, USA) with standard
parameters (CT: 80 mA, 120 Kv without contrast; 2.5—
4 min per bed-PET-step of 15 cm); the reconstruction
was performed in a 256 x 256 matrix and 60 cm field of
view. Non-attenuation correction (NAC) was routinely
performed and analyzed especially in patients with PVE
and CIED. Patients were invited to void before imaging
acquisition; no oral or intravenous contrast agents were
administrated in the days before FDG-PET; a written
consent was obtained before the studies.

According to ESC and EANM guidelines, we did
not perform routine PET/CT ECG-gated or with con-
trast-enhanced CT because there is no evidence that
these protocols improve the diagnostic accuracy in
suspected IE.

For the evaluation of the accuracy of PET/CT
results, a combination of clinical, microbiological, and/
or imaging follow-up for at least 6 months was taken as
reference standard for the final clinical diagnosis (pres-
ence of endocarditis or absence), including
histopathologic examinations and further imaging stud-
ies such as echocardiography, magnetic resonance
imaging, and CT with or without contrast.

Positive 18F-FDG PET/CT findings were judged
true-positive when endocarditis was confirmed by
histopathology or when a subsequent imaging technique
showed a response after antibiotic therapy. Positive 18F-
FDG PET/CT findings were defined as false-positive
when histopathology resulted negative or when the
lesions had resolved on subsequent follow-up imaging
without any treatment. Negative 18F-FDG PET/CT was
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Table 1. Patients’ characteristics
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Parameters

Number of patients

Sex (F:M)

Mean age (years)

Native valve/Prostethic valve/ICD
Type of valves (mitral/aortic/grafts)
Diabetic patients

Mean blood glucose (mg-dL)
Patient with fever

Mean WBC (x 103.uL)

Mean CRP (mg:L)

Patients with Antibiotics/steroids therapies
Blood cultures positive for IE

(V. Streptococci/S. gallolyticus/HACEK group/S. aureus/ Community

acquired Enterococci)

108

51 (47%):57 (53%)

62.2

25 (23%)/83 (77%)/28 (26%)

21 (19%)/16 (15%)/8 (7%)

29 (27%)

101.7

58 (53%)

9.12

59.9

1 (0.9%)/0 (0%)

64 (59%)

(21 (19%)/16 (15%)/17 (16%)/3
(2.7%)/7 (6.4%))

|
W .

Figure 1. 18F-FDG PET/CT images fused and M.I.P showed three grade visual scale: A O,
negligible myocardial uptake; B 1, mild uptake and doubtful examination; C 2, homogeneously

intense uptake and not evaluable exam.

conventionally deemed as true-negative when
histopathology results were negative or when endo-
carditis was not demonstrable during the subsequent
follow-up. Negative 18F-FDG PET/CT was judged as
false-negative if histological examination was positive.

Analysis of 18F-FDG PET Images

Qualitative Assessment Visual analysis was
carried out by two nuclear medicine physicians with
experience in this field, who were blinded to all the other
patient data. They analyzed PET/CT images using a
proposed four-point score similar to Deauville score:
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0 no focal cardiac uptake

1 focal cardiac uptake < mediastinal uptake

2 mediastinal uptake < focal cardiac uptake < liver
uptake

3 focal cardiac uptake > liver uptake.

According to ESC guidelines, cardiac uptake was
considered abnormal activity around the site of pros-
thetic valve implantation or defibrillator leads.

Exams with scores 0, 1, and 2 were considered
negative, while images with score 3 were considered
positive for IE (Figure 2).

Semi-quantitative Analysis Indirect signs of
infection and/or inflammation were assessed by two
blinded experienced observers on a Xeleris workstation
(General Electric Company-GE-Milwaukee, WI, USA).
Mean Standardized Uptake Values (SUVmean) were
obtained from spherical regions of interest (ROI) posi-
tioned close to the centers of the spleen and of the right
liver lobe, excluding areas of abscess and/or ischemic
lesions.

The SUVmean of the bone marrow (BM) was
obtained by averaging the SUVmean from spherical
ROIs drawings on the bodies of each of the five lumbar
vertebrae, excluding any damaged vertebra.

BM and spleen SUVmean values were then nor-
malized to those of the liver, and a hypermetabolism of
the BM or spleen (HSBM) was defined as a BM or
spleen-to-liver ratio > 1.

Exclusion Criteria

According to ESC guidelines, we did not perform
PET/CT during antibiotics or steroids therapy but a
patient in our cohort underwent PET/CT during pro-
longed antimicrobial therapy for chronic inflammatory
bowel disease discovered in the follow-up.

According to EANM guidelines, we did not perform
PET/CT in patients with glucose blood levels >
150mg-dL, patients who did not follow the diet protocol
LCHPHF, and patients who had implanted prosthetic
valve for less than 3 months. After evaluation of FDG
myocardial uptake, we excluded 4 patients.

Statistical Analysis

All statistical analysis was performed using Med-
Calc Software version 17.1 for Windows (Ostend,
Belgium). The descriptive analysis of categorical vari-
ables comprised the calculation of simple and relative
frequencies. The numeric variables were described as
mean, minimal, and maximal.

Sensitivity, specificity, negative predictive value
(NPV), positive predictive value (PPV), and accuracy of
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each method of analysis were assessed in comparison to
the clinical final diagnosis. Differences between the two
methods were investigated by Spearman’s rho coeffi-
cient. Inter-reader variability was assessed using percent
agreement and kappa statistics. A P value of < 0.05 was
considered as statistically significant.

RESULTS

Of the 108 patients enrolled in the study, 54 (50%)
had a final diagnosis of IE of which 19 (35%) had
histopathology diagnosis, 14 (25%) had a diagnosis of
IE confirmed by imaging, and 21 (38%) had a diagnosis
confirmed by clinical follow-up and treatment response.

Comparing the score results with the final clinical
diagnosis, the sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of our
qualitative score were 93% [95% confidence interval
(CI) 83%—98%], 81% (95% CI 67%—-90%), 84% (95%
CI 75%—-9%), 91% (95% CI 80%—-96%), and 87% (95%
CI 79%-93%), respectively.

Most FP (6/10) results were in patients studied
within 3.5-4 months after implantation and demon-
strated a focal cardiac uptake, but histological
examination showed only inflammatory response. Fur-
thermore, all the 4 FN cases were in patients with NV.
Considering patients who underwent PET/CT for sus-
pected NVE, Sensitivity, Specificity, PPV, NPV, and
Accuracy were respectively 23%, 92%, 75%, 52%, and
56% (Table 2).

There was a high agreement between the two
readers applying these (k = 0.902).

For the evaluation of HSBM, from the 108 patients,
9 patients who showed HSBM were excluded because
PET/CT s visual analysis demonstrated other inflamma-
tory diseases (3 spondylodiscitis, 4 vasculitis, 1
sarcoidosis, 1 vascular graft infection). Among the 99
remaining patients, 54 (55%) had a clinical final
diagnosis of IE. A definite IE was documented in 83%
(40/48) of patients showing both HSBM and abnormal
cardiac uptake, 44% (4/9) of patients with only abnor-
mal cardiac uptake, 28% (9/32) of patients with only
HSBM, and 10% (1/10) of patients with neither one (this
patient was on therapy with antibiotics and glucocorti-
coids). Of the 45 remaining patients, 3 demonstrated
bone marrow hypermetabolism due to chronic myeloid
leukemia (CML), beta thalassemia, and erythropoietin
therapy (Figure 3).

Using this semiquantitative criterion, we obtained 9
FP attributable to other inflammatory disease and 5 FN,
1 of which is attributable to an antimicrobic therapy in
place for other coexisting diseases and 4 to interfering
metabolic conditions (such as 2 diabetes, 1 hepatic
steatosis, and 1 hepatic cirrhosis).
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Figure 2. 18F-FDG PET/CT fused and M.I.P. showed example of similar Deauville score: A score
1 cardiac uptake < mediastinal uptake; B score 2 mediastinal uptake <cardiac uptake< liver uptake;
C score 3 focal and intense cardiac uptake > liver uptake (cardiac uptake was confirmed by NAC

images).

HSBM was a predictor of IE (P < 0.05), indepen-
dently of the criterion of abnormal cardiac FDG uptake.

Comparing the two proposed methods for the
analysis of 18F-FDG PET/CT images with Spearman
test, we obtained a rho = 0.473 with a P < 0.0001 (95%
ClI 0.304-0.613).

DISCUSSION

The key role of 18F-FDG PET/CT plays in diag-
nosis of IE is well established, especially in the
“‘possible’” cases according to Duke’s echocardio-
graphic criteria, in PVE and CIED.

18F-FDG PET examinations performed in patients
with known or suspected IE are influenced by several
interfering factors: first, a physiological myocardial
uptake of FDG, which could be avoided by an adequate
diet preparation; and secondly the possible effect of
antibiotics which could mask a correct diagnosis. For
this reason, according to ESC guidelines, this exam must

Table 2. Comparison of the accuracy between the two proposed interpretation criteria.

Like Deauville score criteria

HSBM

Sensitivity

Specificity

Positive predictive value
Negative predictive value
Accuracy

93 (95% Cl 83%-98%)
81 (95% CI 67%-90%)
84 (95% CI 75%-89%)
91 (95% CI 80%-96%)
87 (95% ClI 79%-93%)

23 (95% CI %)
92 (95% CI %)
75 (95% Cl %)
52 (95% Cl %)
56 (95% Cl %)
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be performed before starting antibiotic or corticosteroid
therapies.®

Furthermore, FDG is a non-specific tracer which is
taken up in any process with increased glucose utiliza-
tion; thus FDG uptake is not a ‘‘black or white”’
phenomenon indicating the presence or absence of
infections or malignancy but there are some levels of the
‘‘gray-zone’’, affecting a correct interpretation and a
final diagnosis.

In this context, as for neoplastic pathologies, an
interpretative standardization of PET/CT images could
add great value in the diagnosis of IE with PET/CT.

Our intent was to seek interpretation criteria that are
objective, reproducible and easy to apply in the clinical
routine, especially in the presence of findings that falls
in the “‘gray zone’.’

We proposed, first of all, a qualitative criterion in
which the visual degree of uptake is defined for suspect
lesions according to a four-point score, similar to the
Deauville criteria for the evaluation of lymphoma
patients, as made by the study of Interpretation criteria
for FDG-PET/CT in multiple myeloma (IMPeTUs).'*!!

The results obtained seem to be strong enough in
terms of accuracy, NPV, and PPV responding. These
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criteria also demonstrated high inter-readers agreement
(k = 0.902).

In our study, false-positive results were found in
patients with inflammatory response associated with
recent implantation of a prosthetic valve, as well as the
use of surgical adhesives;'? false-negative results were
reported for IE on native valves.'”” This may be
explained by the small size, avascular nature, and high
mobility of vegetation on native valves and by a lower
neutrophil population when compared with IE on
prosthetic valves. In this case, a gated-PET acquisition
may be helpful.'*

FDG-PET may provide direct but also indirect signs
of infection and/or inflammation, notably a diffuse
increase in the spleen and/or bone marrow uptake.'” A
FDG uptake in BM greater than liver has been associ-
ated with BM hypermetabolism and hyperactivity with a
similar observation reported for the spleen.'®'” This
phenomenon can be explained by the evidence that the
host defense against IE involves the activation of
macrophages, lymphocytes, and polymorph nuclear cells
leading to an increase in glycolytic metabolism docu-
mented in BM (the site of leukocyte progenitor cells
production) and spleen (the site of interaction of

Figure 3. 18F-FDG PET/CT fused axial and coronal images that showed 4 cases presented in the
evaluation of HSBM: A cardiac uptake and HSBM of the spleen and BM confirmed by
histopathology demonstration of NVE; B only cardiac uptake without signs of HSBM consistent in
PVE confirmed by persistent positive blood cultures; C no cardiac uptake but signs of HSBM of the
spleen consistent in PVE confirmed by cardiac-CT; D no cardiac uptake and no HSBM signs but
clinical diagnosis of PVE founded by a major criterion (demonstration of S. viridans in 2 bood
cultures) and 3 minor criteria (fever > 38, conjunctival hemorrhages, Janeway lesions). (All cardiac

uptakes were confirmed by NAC images).
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activated immune cells
blood).'8~2°

Our results demonstrated that HSBM might be a
helpful additional indirect sign for diagnosis of IE.

Some limitations of this indirect sign, as demon-
strated by the FN found in our study, are that
hypermetabolism may be impacted by metabolic disor-
ders like hepatic steatosis, insulin resistance, metabolic
syndrome, etc. In these cases, the liver exhibits higher
FDG activity. Thus, the current standardization to liver
activity should be used with caution on FDG-PET exams
performed in patients with some metabolic
disorders.?'*?

with microorganism in

CONCLUSION

The proposed 4-point scale criteria are a simple,
qualitative method with substantial inter-interpreter
agreement and high positive predictive value and
accuracy and may have a significant impact in the
diagnosis of IE with PET/CT.

The HSBM is an additional, reliable indirect sign of
IE and could strengthen the suspicion of IE, especially in
the absence of any other infections, inflammatory or
malignant disease.

These criteria could be useful for evaluating treat-
ment response.

LIMITATIONS OF THE STUDY

This is a single center study with small number of
patients, and thus further large multicenter and prospec-
tive studies are needed.

NEW KNOWLEDGE GAINED

Combination of direct PET/CT interpretation crite-
ria and indirect criteria leads to more reliable imaging
methods using FDG/CT in the diagnosis of IE.
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