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Utilization of FDG-PET/CT in the diagnosis
of native valve endocarditis: There is a hope,

but we need more data!
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Infective endocarditis (IE) diagnosis and manage-
ment require a multidisciplinary approach, and cardiac
imaging plays an important role. Echocardiography—
both transthoracic echocardiography (TTE) and trans-
esophageal echocardiography (TEE)—is a cornerstone
in the diagnosis of patients with IE as a part of the
Modified Duke Criteria.' However, echocardiography
findings could be equivocal or difficult to interpret in
some instances. In 2015, the American Heart Associa-
tion (AHA) and European Society of Cardiology (ESC)
published documents—the AHA acknowledged the
potentials of advanced imaging modalities, such as flu-
orodeoxyglucose positron emission
tomography/computed tomography (FDG-PET/CT), and
cardiac CT, with no recommendation; however, the ESC
recommended the utilization of both FDG-PET/CT and
cardiac CT in the diagnosis of IE.*® As per the 2015
ESC guidelines, both FDG-PET/CT and cardiac CT
have the potentials in reclassifying the ‘‘possible IE’’
category to the ‘‘definite IE’’ category and in the
detection of septic embolic foci throughout the body.” In
particular, the 2015 ESC guidelines recommended the
use of FDG-PET/CT along with cardiac CT in patients
with possible prosthetic heart valve endocarditis (PVE)
as per the Modified Duke Criteria. Since these
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recommendations, a growing body of literature investi-
gated the use of FDG-PET/CT in the diagnosis of IE.

Most of the literature is on the use of FDG-PET/CT
for PVE. Saby et al were one of the first groups to
analyze FDG-PET/CT in patients with PVE.* In this
prospective study of 72 patients with suspected PVE,
FDG-PET/CT increased the sensitivity of the Modified
Duke Criteria from 70% to 97%, which was a result of
the significant reduction in the number of patients with
“‘possible PVE.”” Since then, multiple small studies
were conducted with similar results, and a meta-analysis
by Mahmood et al in 2017 demonstrated pooled sensi-
tivity of 80.5% and specificity of 73.1%.° In 2018, a
large, retrospective, multicenter cohort by Swart et al
showed that sensitivity and specificity of PVE diagnosis
were 74% and 91%, respectively. Interestingly, when
the authors excluded confounders—patients with low
inflammatory activity (C-reactive protein < 40 mg/L) at
the time of imaging and the use of surgical adhesives
during prosthetic heart valve implantation—then the
sensitivity and specificity to diagnose PVE were as high
as 91% and 95%, respectively. And most recently, in
2019, de Camargo et al reported sensitivity and speci-
ficity of 93% and 90%, respectively, in a large single-
center cohort of 188 patients.® Multimodality imaging
with FDG-PET/CT and cardiac CT is proven to be even
more valuable, which can increase the sensitivity and
specificity from 86.4% and 87.5%, respectively, for
FDG-PET/CT only to 91% and 90.6%, respectively, for
FDG-PET/CT and cardiac CT together.’

In contrast to PVE diagnosis with FDG-PET/CT,
there is scarce literature on the use of FDG-PET/CT in
the diagnosis of native valve endocarditis (NVE). The
observed sensitivity in diagnosing of NVE with FDG-
PET/CT was significantly lower compared with that in
diagnosing of PVE.®® A recent study by de Camargo
et al, in 2019, with a large cohort of 115 patients with
suspected NVE reported sensitivity and specificity of
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22% and 100%, respectively.® The EURO-ENDO reg-
istry, a prospective observational cohort of 3116 patients
across 40 countries and 156 centers demonstrated that
less than 10% of the patients with suspected NVE
underwent FDG-PET/CT.? And the sensitivity in this
study of the confirmed NVE was 28% compared with
67% for PVE. A possible explanation for the low sen-
sitivity in these studies could be due to (1) small-size (<
10 mm) vegetation on the valves, which could be chal-
lenging to detect due to low spatial and temporal
resolutions of the modality; (2) similarly small-size
vegetations, meaning they are less vascular or avascular
lesions (therefore, there is minimal or no FDG tracer
deposition within these vegetations); (3) timing of the
FDG-PET/CT (it has been shown that during the sub-
acute or chronic phase, vegetations in the native valve
demonstrate less inflammatory cells and higher fibrosis
compared with those in prosthetic valves). High
specificity in NVE diagnosis with FDG-PET/CT could
indicate that those valve infections are severely com-
plicated, such as perivalvular abscess formation. Both
large studies by de Camargo et al and Kouijzer et al
suggested that negative FDG-PET/CT results should not
be used to exclude NVE; however, given the high
specificity, in selected cases—sustained suspicion of
NVE—FDG-PET/CT can be used to assess uptake
around the valve. Besides, PET/CT is also an essential
tool for the detection of metastatic infection.®® As
readers would agree with the aforementioned limitations
of FDG-PET/CT on NVE cases, given the lack of data, it
is difficult to conclude that it is not a useful modality.
Therefore, studies like in this issue of the Journal of
Nuclear Cardiology by Abikhzer et al are important
additions to the literature (Abikhzer).

In this study, the authors demonstrated a retro-
spective study assessing the use of FDG-PET/CT for the
diagnosis of NVE. They evaluated 54 suspected NVE
patients using FDG-PET/CT, where 31 patients had
confirmed NVE. FDG-PET/CT results were positive in
21 out of the 31 patients with sensitivity and specificity
of 68% and 100%, respectively. Although the number of
patients is small, this is so far the highest published
sensitivity in the diagnosis of NVE in the medical lit-
erature. One of the main reasons to have false-negative
results is the initiation of antibiotic therapy before the
imaging study, and the other one is incomplete
myocardial suppression with a high—fat-low—carbohy-
drate diet. As expected, when they excluded patients
with incomplete myocardial suppression, the sensitivity
went up to 80 % without any reduction in specificity.
The confounders, including longer antibiotic use,
incomplete myocardial suppression with prior diet, the
timing of surgery, and the utilized surgical materials,
have been well described in PVE, which can lead to

misdiagnosis.''" However, the readers would agree
that two of these confounders are essential in NVE
interpretation with FDG-PET/CT—prolonged use of
antibiotics before the procedure and incomplete sup-
pression of the myocardium with proper diet—and
should be taken into consideration.

As mentioned above, one of the main reasons for
the low sensitivity of FDG-PET/CT in NVE diagnosis is
the vegetation size. Intuitively, smaller size vegetations
will have less inflammation, less inflammatory cells, and
thus less FDG uptake. Along with these, in this study,
the authors found a significant difference in vegetation
sizes in patients with false-negative vs true-positive
results (9.6 £ 5.9 mm vs 14.4 + 6.1, P = 0.049).

Another interesting point, which readers will find, is
the reclassification of patients using the Modified Duke
Criteria after utilization of FDG-PET/CT. A total of
eight ‘‘possible IE’’ patients were reclassified from
“‘possible IE”’ to ‘‘definite IE,”” and all of these patients
had the final diagnosis of NVE. The Modified Duke
Criteria sensitivity to NVE diagnosis increased from
48% to 77% after the utilization of FDG-PET/CT. This
pattern is similar to PVE endocarditis; however, there is
a need for more data on this.

Lastly, the authors would like to draw attention to
one technical aspect of this study. Although it was not
part of their routine practice, they have acquired delayed
imaging for some patients. As expected, the maximum
standardized uptake values (SUVmax) remained
unchanged; however, target-to-background ratios were
higher on delayed images attributed to the decrease in
blood pool activity, and mildly FDG-avid lesions were
better seen on delayed images. High blood pool activity
can mask small, mildly FDG-avid vegetations and thus
will result in false-negative results. Delayed image
acquisition could be promising, and these images can be
obtained in NVE cases. Particularly extra electrocar-
diogram (ECG)-gated cardiac bed acquisition as delayed
imaging, after whole-body FDG-PET/CT, can give more
information in NVE cases. However, it should be
interpreted carefully, since it has been shown that
delayed imaging could result in false-positive results in
patients with PVE."?

One of the major caveats in this and some of the
previous IE studies is the lack of multimodality imag-
ing—correlation with other imaging modalities,
particularly ECG-gated cardiac CT, which could
improve diagnosis performance. Also, FDG-PET/CT,
along with cardiac CT, could be an alternative imaging
modality, where TEE cannot be performed (i.e., eso-
phageal atresia) or especially during this time where
coronavirus disease-2019 (COVID-19) pandemic is
severely affecting the condition of healthcare services.
FDG-PET/CT and cardiac CT could be an alternative for
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COVID-19 patients in order to reduce the exposure risk
to echocardiography personnel.

Although this study demonstrates the usefulness of
FDG-PET/CT in NVE, with the highest sensitivity in the
literature, the medical community still need more data
and large studies. In addition, future studies should focus
on developing a guideline regarding the standardized
protocols for patient preparation and image acquisitions,
semi-quantitative measurements, and image interpreta-
tion, which can improve the clinical care of patients with
NVE."
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