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Abstract

Introduction Widespread use of effective antiretroviral therapy (ART) in people living with human immunodeficiency
virus (PLHIV) infection has changed the prognosis of the disease from a fatal and debilitating one to a chronic manageable
illness. ART leads to immune restoration, but immune functional levels seen in HIV-uninfected people are never achieved.
The dynamics of immune suppression, chronic immune activation, and immune senescence predispose PLHIV to certain
inflammatory and infectious conditions of the cardiovascular system.

Methods Atherosclerotic cardiovascular disease is a chronic inflammatory condition that is a rising cause of mortality and
morbidity among PLHIV. Certain risk factors prevalent among PLHIV, such as intravenous drug abuse, use of ART, and
susceptibility, to tuberculous disease even at near-normal immune functional levels predispose them to inflammation and
infections of the different components of the heart including the pericardium, epicardium, and endocardium. Molecular
imaging using radionuclide techniques has been shown to have excellent clinical utility in the evaluation of inflammation
and infection.

Results The strengths of molecular imaging techniques lie in their sensitivity for early disease detection before morpho-
logical changes occur and in therapy response assessment before significant reparative changes have occurred. Molecular
imaging techniques are now becoming more widespread in clinical application with increasing availability and utilization
in developing countries where the most significant burden of HIV infection is felt.

Conclusion This review aimed to present an update on the evidence supporting the role of molecular imaging modalities with
radionuclide techniques for imaging of cardiovascular inflammation and infection focusing on atherosclerotic cardiovascular
disease, pericarditis, myocarditis, and endocarditis in PLHIV.

Keywords Atherosclerosis - Tuberculous pericarditis - Vascular inflammation - 'F-FDG PET/CT - HIV infection -
Infective endocarditis

Introduction

Infection by the human immunodeficiency virus (HIV)
remains a significant cause of mortality and morbidity
globally [1]. Infection by HIV causes rapid depletion of

< Mike M. Sathekge
mike.sathekge @up.ac.za

Department of Nuclear Medicine, University of Pretoria,
Pretoria 0001, South Africa

Nuclear Medicine Research Infrastructure (NuMeRI), Steve
Biko Academic Hospital, Pretoria 0001, South Africa

Infectious Disease Unit, Department of Internal Medicine,
University of Pretoria and Steve Biko Academic Hospital,
Pretoria 0001, South Africa

the host immune system as the virus targets immune cells
expressing the CD 4 molecule [2]. Early depletion of the
gut-associated lymphoid tissue leads to systemic transloca-
tion of gut microbes causing chronic immune activation [3].
Anti-retroviral therapy (ART) is very effective in inhibiting
viral replication. The effectiveness of ART is manifested
in the life expectancy of PLHIV which is now approach-
ing that of the HIV-uninfected people [4, 5]. Despite the
improvement in the immune system with ART, people living
with HIV (PLHIV) never achieve complete immune recov-
ery even with complete viral suppression [6]. The cytotoxic
function of CD8* T lymphocytes, for example (a subset of
lymphocytes not directly affected by HIV), never returns to
normal even with complete viral suppression [7]. PLHIV,
therefore, are at increased risk of acquiring infections seen
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in HIV-uninfected people as well as opportunistic infections
that result from relative immunosuppression. PLHIV suc-
cessfully treated with ART and achieved suppressed viremia
have circulating cytokines that reflect persistent immune
activation and dysfunction [8]. Chronic immune activation
in PLHIV has been implicated as a predisposing factor to
a group of non-infectious disorders which are emerging as
significant causes of mortality and morbidity. These chronic
metabolic non-infectious conditions include atherosclerotic
cardiovascular diseases (ASCVD); accelerated aging; liver
disease, bone, and metabolic disorders; non-AIDS defining
cancers and neurocognitive dysfunction [9, 10]. PLHIV are,
therefore, at increased risk of infection due to immune dys-
function and non-infectious inflammatory conditions such as
ASCVD due to chronic immune activation. In this review,
we aimed to present an update on the evidence supporting
the use of molecular imaging techniques in the evaluation
of cardiovascular inflammation and infection. We will focus
on ASCVD, pericarditis, myocarditis, and endocarditis.
E_Florodeoxy-p-glucose positron emission tomography
with computed tomography (*F-FDG PET/CT) has been
the most reported molecular imaging technique in the evalu-
ation of cardiovascular inflammation and infection. It will
form the main thrust of this review.

Atherosclerotic cardiovascular disease

Inflammation is critical to the formation and progression of
ASCVD [11]. The earliest event in atheroma formation is
vascular intima injury caused by factors including smoking,
hypertension, and hyperglycemia. Vascular intima injury
causes the accumulation of atherogenic plasma-derived
cholesterol-rich lipids in the vascular intima as well as
upregulation of cell adhesion molecules such as vascular
cell adhesion molecule-1 (VCAM-1), and intercellular cell
adhesion molecule-1 (ICAM-1), which favor recruitment of
monocytes and T lymphocytes into the vessel wall [12—14].
Atherogenic lipid molecules are oxidized within the vascular
to form oxidized pro-inflammatory lipids [12]. Monocytes
mature to become macrophages in the vessel intima. Mac-
rophages engulf the atherogenic oxidized lipids to become
foam cells. Vascular smooth muscles also accumulate the
atherogenic lipids, become activated, and secrete chemoat-
tractants and chemokines that further attract circulating
immune cells to the site of atheroma formation [12]. The
matured atheromatous plaque typically contains lipid-rich
necrotic core covered by a fibrous cap made up of a mixture
of smooth muscle cells and supporting extracellular matrix.
The base of the lesion often contains foam cells and T lym-
phocytes. Inflammation also plays a crucial role in plaque
rupture, the catastrophic complication of atherosclerosis.
Macrophages produce matrix metalloproteinases that can
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digest the fibrous cap leading plaque rupture. T cells produce
interferon-y which inhibits the smooth muscle proliferation
causing weakening of the fibrous cap [15].

HIV infection has been identified as an additional risk
factor for ASCVD. PLHIV is twice at risk of ASCVD com-
pared with HIV-uninfected individuals. The global burden
of ASCVD among PLHIV has tripled in the last two decades
[16]. The mechanisms by which HIV infection increases the
risk of ASCVD include direct viral invasion of the vessel
wall causing arterial inflammation; chronic immune activa-
tion due to HIV infection; ART-induced metabolic distur-
bances such as lipid dysregulation, insulin resistance, and
diabetes mellitus; and the preponderance of the traditional
cardiovascular risk factors among PLHIV [17-20].

In HIV infection, there is persistent viral replication
even in individuals with completely suppressed viremia.
This persistent viral replication not only leads to a progres-
sive decline in the CD4* T-cell population but also causes
immune activation and chronic systemic inflammation.
Uncontrolled viral replication seen in ART-naive patients is
associated with vascular endothelial dysfunction, the precur-
sor of ASCVD [21]. Effective ART with suppressed viremia
reduces but does not eliminate immune activation or the
elevated risk of acquiring ASCVD [17, 22]. Pro-atherogenic
soluble factors in PLHIV encourage foam cell formation by
monocyte through the reduction of cholesterol efflux from
them [23]. ART, especially with protease inhibitor, is asso-
ciated with proatherogenic lipid metabolism dysregulation
[24].

Inflammation is crucial to the formation, progression,
and rupture of the atherosclerotic plaque. Activated inflam-
matory cells accentuate their glucose use to cope with the
high energy demand of the inflammatory process. '*F-FDG,
an analog of glucose, can, therefore, be used for PET/CT
imaging of arterial inflammation in ASCVD. In the arterial
wall, the intensity of '8F-FDG uptake correlates with the
level of macrophage invasion [25, 26]. The intensity of '*F-
FDG uptake is higher in symptomatic plaque compared with
asymptomatic plaque and uptake in asymptomatic patients
predicts the future risk of vascular events [27-29]. The util-
ity "8F-FDG PET/CT for imaging subclinical ASCVD in
PLHIV has been shown in different studies [30]. Arterial
BE-FDG accumulation is significantly higher in chronic
HIV-infected individuals than age, gender, and Framingham
risk score-matched controls but comparable to the level of
uptake seen in the arteries of older patients with established
atherosclerotic disease [31]. This finding suggests that the
level of arterial inflammation in PLHIV is as high as the
level in older patients with established ASCVD [31].

ART improves life expectancy in PLHIV but does elimi-
nate the risk ASCVD. In a cohort of HIV-infected individu-
als who obtained '®F-FDG PET/CT before commencing
ART, effective ART did not lead to a significant reduction
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in arterial '®F-FDG uptake after 6 months of treatment [32].
Persistent elevated arterial '*F-FDG uptake suggests residual
inflammation despite effective ART. Statin therapy targeting
arterial inflammation is protective against ASCVD regard-
less of its lipid-lowering effect. In the SATURN-HIV trial,
statin therapy with rosuvastatin led to a significant reduc-
tion in soluble markers of monocyte activation (sCD14 and
sCD163) without significant change in circulating monocyte
level demonstrating the additional benefit of statin therapy
in PLHIV on regular ART [33]. Quantification of arterial
BE_.FDG uptake before and after therapy provides a direct
means of determining the effectiveness of therapeutic agents
targeting inflammation in ASCVD risk reduction strategy
[34]. A study comparing arterial '*F-FDG uptake as a sur-
rogate marker of inflammation between HIV-infected and
HIV-uninfected patients found no significant difference in
arterial '*F-FDG uptake between the two groups [35]. In a
sub-group analysis, however, there was significantly higher
arterial wall '8F-FDG uptake in statin-naive HIV-infected
patients compared with statin-naive HIV-uninfected con-
trols. These results demonstrate the residual arterial inflam-
mation in HIV-infected people despite regular ART use.

Many other agents beyond statins have been explored
for their anti-inflammatory property in ASCVD risk reduc-
tion strategy [17]. The CANTOS trial recently reported a
reduction in inflammation associated with a dose-dependent
reduction in recurrent major cardiovascular events in HIV-
uninfected individuals treated with canakinumab, a mono-
clonal antibody targeting interleukin-1f (IL-1f) [36]. Hsue
and colleagues have reported the utility of '*F-FDG PET/CT
in evaluating the anti-inflammatory effect of canakinumab in
HIV-infected individuals with suppressed viremia on ART
and treated with a single dose of canakinumab. At 8 weeks
post-treatment, there was a significant reduction in arterial
BE_FDG uptake [37]. '®F-FDG has, therefore, emerged as
a useful non-invasive biomarker for direct monitoring of
arterial inflammation in the development and evaluation of
drugs targeting inflammatory pathways in ASCVD.

ASCVD has a very long preclinical phase with athero-
genesis starting long before clinical manifestation [38]. Our
group recently demonstrated higher arterial '*F-FDG uptake
in young PLHIV who otherwise had no or low-risk factors
for ASCVD compared with age- and gender-matched con-
trols [39]. Our results showed that HIV and its treatment are
independent risk factors for ASCVD and that the disease
process starts quite early in life among PLHIV. Demonstra-
tion of arterial inflammation at a very young age among
PLHIV support the results from earlier studies reporting
younger age at clinical presentation of ASCVD among
PLHIV compared with the general population of HIV-unin-
fected people [40].

A few studies have reported non-significant differ-
ences in arterial '*F-FDG uptake between PLHIV and

HIV-uninfected individuals [32, 41-43]. These negative
reports may be a result of non-standardized imaging proto-
col [41], the technical challenge militating against accurate
lesion comparison in test—retest study design [42], or small
patient population [32, 43]. A significant challenge with
BE_8EDG PET/CT imaging of vascular inflammation lies
in its inherent limited spatial resolution causing a significant
underestimation of quantified vascular '®F-FDG. The aver-
age thickness of the arterial wall is less than twice the spatial
resolution of most PET/CT cameras in current clinical use
which causes significant underestimation due to partial vol-
ume effect [44, 45]. There is an additional need to subtract
signals contributed by blood-pool activity from within the
vascular lumen. To achieve the latter, target-to-background
ratio (TBR) computed by obtaining the mean of multiple
SUVmax measurements in the arterial wall of interest and
dividing it by the SUV obtained from the lumen of an adja-
cent vein. TBR has a good correlation with actual arterial
F-FDG uptake as shown in a kinetic modeling study [46].
There is also a good correlation between TBR taken from
different vascular territory in an individual as well as good
intra- and inter-observer agreements [47]. To improve the
performance of '*F-FDG PET/CT for imaging of vascular
inflammation in ASCDVD, the Cardiovascular Committee
of the European Association of Nuclear Medicine (EANM)
recently published a set of guidelines on patient preparation,
image acquisition, and reporting of '®F-FDG PET/CT [48].
When observed, these set of criteria improves quantified
arterial '*F-FDG uptake measured by SUVmax and TBR
[49]. Figure 1 shows the impact of observing the recom-
mendations by the cardiovascular committee of EANM on
arterial '®F-FDG uptake and background blood-pool activity
clearance.

Several targets, other than glucose utilization, can be
explored for arterial inflammation imaging in PLHIV [50].
Arterial "®F-FDG uptake measures metabolic activity in the
tissues of the vessel wall including smooth muscles, fibro-
blasts, and inflammatory cells. Molecular probes targeting
markers expressed specifically by inflammatory cells may be
more accurate in characterizing arterial inflammation. Mac-
rophages express CD206 molecules, the molecular target for
radiolabeled tilmanocept. *™Tc-Tilmanocept is approved for
sentinel lymph mapping of solid human tumors, especially
early breast cancer and intermediate-thickness malignant
melanoma. *™Tc-Tilmanocept injected subcutaneously
accumulates more in the aortas of HIV-infected patients
compared with HIV-uninfected individuals with similar
Framingham risk score [51]. This higher accumulation of
9mTe reflects arterial inflammation in HIV-infected indi-
viduals compared with uninfected individuals. This study
utilized *™Tc-labeled tilmanocept administered by subcu-
taneous injection for SPECT/CT imaging. Radiolabeling
of tilmanocept with PET radionuclide such as gallium-68
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Fig.1 A 54-year-old female had dual-time points '®F-FDG PET/CT
imaging. Early imaging acquired at 60 min post-tracer injection using
the routine oncologic PET parameters shows high blood-pool back-
ground activity (right images). Delayed imaging acquired at 124 min
post-tracer injecting using PET parameters dedicated for vascular
inflammation imaging showed good background activity clearance

has been described [52, 53]. Intravenously administered til-
manocept labeled with a PET radionuclide may offer a more
effective technique for characterizing arterial inflammation
in PLHIV.

In summary, '*F-FDG PET/CT is a useful imaging tool
for measuring arterial inflammation as a risk for ASCVD in
PLHIV. Its use as a non-invasive technique for direct moni-
toring of changes in arterial inflammation in response to
anti-inflammatory therapy is likely to expand, as investiga-
tions into this form of treatment become more widespread.
The PET system significantly under-estimate arterial '$F-
FDG uptake due to the limited diameter of most vessels.
This limitation emphasizes the need for the application
of standardized imaging parameters which significantly
improves PET quantification of arterial '*F-FDG uptake.

Pericarditis

Pericarditis is a common complication seen in PLHIV
worldwide [54]. The pericardial disease has a variable mani-
festation from asymptomatic small pericardial effusion to
cardiac tamponade [55]. In developed countries, the cause of
pericardial effusion is often idiopathic [55, 56]. In tuberculo-
sis-endemic regions of the world such as Africa, Mycobacte-
rium tuberculosis is responsible for 86—100% of pericarditis
in PLHIV [57]. Immune suppression seen in HIV infection
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with improvement in arterial wall '*F-FDG uptake (left images).
Dual-time point imaging was acquired in this patient to show the
improvement of arterial 'F-FDG uptake and background activity
clearance obtained when uptake time is delayed and the acquisition
parameters are optimized for vascular inflammation imaging

causes impairment in cellular immunity leading to a height-
ened risk of acquisition of new and reactivation of previous
tuberculosis (TB) [58]. There is a 10% lifetime risk of TB
disease in individuals without HIV infection compared with
a 10% annual risk of TB disease in PLHIV [59, 60]. The
annual risk of TB disease in advanced immunosuppression
of HIV infection increases to 30% [61]. Other infectious
causes of pericarditis in PLHIV include bacteria (such as
Staphylococcus aureus, Streptococcus pneumoniae, Listeria
monocytogenes, Proteus species, Chlamydia trachomatis,
Klebsiella species, and Pseudomonas aeruginosa); viruses
(such as HIV, Herpes simples I/II, and Cytomegalovirus);
fungi (Histoplasma capsulatum, Cryptococcus neoformans,
and Candida species); and protozoa (such as Toxoplasma
gondii) [56].

The lungs are the commonest organs of primary TB dis-
ease. HIV infection is a significant risk factor for the extra-
pulmonary spread of TB [62]. TB spreads to involve the
pericardium homogenously, from chest nodes contiguous to
the pericardium, or via direct spread from infected foci in the
lungs or pleura. The homogeneous route is the most com-
mon route of spread to the pericardium in PLHIV [63]. TB
pericarditis progress through four stages including (1) dry
stage associated with chest pain, pericardial friction rub, and
widespread ST elevation without effusion; (2) effusive stage
of moderate to large effusion with signs and symptoms of
heart failure or pericardial tamponade; (3) adsorptive phase
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Fig.2 A 62-year-old male with symptoms of heart failure and right
pleural effusion. Adequate assessment of cardiac function could not
be performed on echocardiography due to poor acoustic window.
BF_.FDG PET/CT done shows dense pericardial calcification with no
associated significant metabolic activity confirming the late sequela
of a previous episode of tuberculous pericarditis. These images
emphasize the utility of '*F-FDG PET as a tool to differentiate
between an active tuberculous pericarditis requiring anti-tuberculous
medication with anti-inflammatory therapy using corticosteroid ver-
sus the sequela of a previous infection requiring a different approach
of therapy such as pericardial decortication

seen as thickened pericardium on imaging with associated
thick fibrinous fluid around the heart; and (4) constrictive
phase characterized by signs, symptoms, and imaging fea-
tures of constrictive pericarditis without residual pericar-
dial fluid [54]. The effusive phase is the commonest stage at
which patients present at the hospital for care [64]. Figure 2
shows the images of a patient with restrictive cardiac disease
caused by pericardial calcification from a previous episode
of TB pericarditis.

The definitive diagnosis of TB pericarditis rests on dem-
onstrating the tubercle bacilli in pericardial fluid or peri-
cardial tissue biopsy sample. Alternatively, histologically
examination of pericardial biopsy specimen looking for the
typical caseous necrosis due to TB may help establish the
diagnosis. The currently available techniques for microscopy
and culture to demonstrate acid and alcohol fast tubercle
bacilli have disappointingly low sensitivity [63]. Culture,
with better sensitivity, takes 2—6 weeks to confirm a posi-
tive microbial growth. Due to this low yield of the avail-
able tests for definitive diagnosis, majority of patients are
treated empirically [64]. Ancillary tests using imaging and
biochemical evaluations have proven useful in the manage-
ment of TB pericarditis [65].

BE_.FDG PET/CT is a useful supportive imaging modal-
ity for the diagnosis of pericarditis [66]. "*F-FDG accumu-
lates in the inflamed pericardium in a manner proportional
to the level of inflammation (Fig. 3). Tuberculosis causes
intense inflammation leading to a high level of 'F-FDG
uptake in the pericardium of patients with acute TB peri-
carditis. In a study comparing patterns of '*F-FDG PET/CT
findings in patients with acute TB pericarditis versus idi-
opathic pericarditis, Dong and colleagues found significantly
higher '8F-FDG uptake in the pericardium of patients with
acute TB pericarditis versus idiopathic pericarditis (mean

Fig.3 A 21-year-old HIV-infected male on antiretroviral therapy for
11 months with clinical symptoms suggestive of tuberculous disease
(new-onset weight loss, fever, and night sweat) without associated
cough. '8F-FDG PET/CT was obtained to evaluate for extra-pulmo-
nary tuberculosis. Images show intense '®F-FDG uptake in thickened
pericardium as well as in right supraclavicular nodes and conglomer-
ate of anterior mediastinal nodes (arrows). Histological examination
of the biopsy specimen of the right supraclavicular node confirmed

tuberculosis. Symptoms resolved on treatment for extra-pulmonary
tuberculosis (tuberculous pericarditis and lymphadenitis). In this
case, ®F-FDG PET/CT findings support the clinical suspicion of
extra-pulmonary TB, TB pericarditis in this case. Imaging findings
also help guide biopsy for histological/microbiological confirmation
from a peripheral site and avoiding a more invasive pericardial biopsy
with its attendant complications
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SUVmax of pericardium: 13.5 for TB pericarditis versus 3.0
for idiopathic pericarditis, p =0.002) [67]. In TB pericar-
ditis, the pericardium was thicker (5.1 mm versus 3.4 mm,
p=0.004) and there was associated lymphadenopathy which
demonstrated significantly higher '*F-FDG uptake (mean
SUVmax of lymph nodes: 5.3 versus 2.8 for TB pericarditis
and idiopathic pericarditis, respectively, p <0.001) com-
pared with patients with idiopathic pericarditis. This study
showed the potential utility of '®F-FDG PET/CT in differen-
tiating between the two common causes of pericarditis with
distinctively different treatments. Also, the study showed
associated mediastinal and supraclavicular lymph node
involvement with intense '®F-FDG uptake in TB pericarditis.
Biopsy of these nodes for histological and/or microbiologi-
cal assessment for TB involvement may provide an easier
way to access tissue for disease confirmation especially since
the analysis of pericardial fluid or pericardial biopsy speci-
men may fail to confirm the presence of the disease [63].

Among the infectious causes of pericarditis, TB appears
to be the most severe with a mortality of up to 40% even
with effective treatment in symptomatic PLHIV [68]. The
intense '®F-FDG uptake seen in TB pericarditis is not spe-
cific to it. While TB is responsible for the majority of cases
of pericarditis in PLHIV especially in TB-endemic regions
of the world, infectious, inflammatory non-infectious, and
neoplastic conditions which cause trapping of '®F-FDG in
the pericardium are responsible for a minority of cases [69].
Neoplastic conditions that involve the pericardium, such as
Kaposi sarcoma and lymphoma, also cause intense '*F-FDG
uptake in the involved pericardium and associated lymphad-
enopathy [70]. These conditions, while less common causes
of pericarditis than TB, need to be excluded. A neoplastic
condition causing pericarditis may have associated mass
lesion on imaging [70]. '*F-FDG PET/CT imaging offers
supportive clues in the diagnosis of pericarditis, including
prominent metabolically active mediastinal and supraclav-
icular nodes easily accessible for biopsy [71], and whole-
body imaging that allows for detection of disease at other
sites especially characteristic lung lesions of pulmonary TB.

Anti-tuberculous treatment (ATT) is the mainstay of
treatment of TB. A subset of patients has residual TB dis-
ease after completing a standard course of ATT [72, 73].
The clinical utility of '®F-FDG PET/CT for assessing dis-
ease severity [74, 75], predict response to ATTT [76-78],
and evaluate therapy response in the management of TB
have been widely reported [79-81]. Successful ATT leads
to a corresponding reduction in PET signal. In multiple case
reports, there is a normalization of '8F-FDG PET signal in
the pericardium in response to ATT and steroid therapy in
patients treated for TB pericarditis [71, 82].

In summary, '®F-FDG PET/CT is useful in the diagnosis
of pericarditis. Pattern of disease involvement seen on '®F-
FDG PET/CT may help differentiate between TB pericarditis
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and idiopathic pericarditis, two common causes of pericar-
ditis. '8F-FDG PET signal returns to normal after success-
ful ATT. This makes 'F-FDG PET/CT useful for therapy
response assessment. There are several etiological factors
responsible for pericarditis in PLHIV, '®F-FDG PET/CT
imaging can, unfortunately, not discriminate between these
causes accurately enough to obviate the need for tissue diag-
nosis/microbiological confirmation.

Myocarditis

Myocarditis is characterized by inflammation of the heart
muscle causing lymphocyte infiltration and necrosis of myo-
cytes [83]. In the pre-ART era, myocarditis was seen in 52%
of HIV-infected patients in an autopsy series [84]. The suc-
cessful roll-out of ART has led to a significant reduction in
opportunistic infection-related myocarditis. HIV infects the
myocytes in patchy distributions [85]. In addition to HIV,
several other opportunistic viruses, fungi, bacteria, and pro-
tozoa are responsible for myocarditis in PLHIV [86]. On
histological assessment, there appears to be no difference in
the morphology of myocarditis caused by different organ-
isms or myocarditis in HIV-infected and HIV-uninfected
people [87]. In patients with TB pericarditis, there is asso-
ciated TB myocarditis in 53% of them, making Mycobacte-
rium tuberculosis an important cause of myopericarditis in
PLHIV [88].

Prompt and accurate diagnosis of myocarditis is chal-
lenging because symptoms and laboratory biomarkers are
non-specific. Definitive diagnosis rest on demonstrating
typical appearance on histological evaluation of endomyo-
cardial biopsy (EMB) specimen. EMB is rarely done in the
diagnostic evaluation of patients with suspected myocarditis.
In a large study of 22,299 patients hospitalized with myo-
carditis, EMB was performed in 798 patients (3.6%) [89].
After adjusting for baseline characteristics and comorbidi-
ties, EMB was significantly associated with higher in-hos-
pital mortality; longer hospital stay; and higher incidence
of cardiac tamponade, ventricular tachycardia, acute renal
failure, and cardiogenic shock [89]. The longer hospital-stay
and higher in-hospital mortality reported in this study may
be due to selection bias where patients with more severe
disease had EMB compared with less sick patients who did
not. The sensitivity of EMB in the diagnostic evaluation of
myocarditis is low due to the patchy distribution of the dis-
ease. Imaging, therefore, plays a vital role in the diagnosis
of the disease.

Cardiac magnetic resonance (CMR) is the diagnostic
imaging of choice for the evaluation of myocarditis. In the
acute setting, CMR assesses the hallmarks of acute inflam-
mation including edema on T2-weighted imaging, hyper-
emia on early gadolinium enhancement, and myocytes
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necrosis on delayed gadolinium enhancement [90]. The use
of each of these imaging features is not sufficiently sensitive
for the diagnosis of acute myocarditis. The Lake Louise cri-
teria (LLC) combine the three CMR features for the diagno-
sis of acute myocarditis. The imaging features used in LLC,
while useful in differentiating healthy heart from diseases
myocardium, are not specific for acute myocarditis. LCC has
a lower diagnostic sensitivity for chronic myocarditis and
acute myocarditis complicated by heart failure [91]. CMR
is susceptible to image artifacts, and several methodological
and technical problems may be encountered during image
acquisition that may impact on its diagnostic performance
[92]. Given these limitations of CMR, complementary imag-
ing may be necessary for the evaluation of patients with
suspected myocarditis.

E_FDG PET/CT is a useful imaging modality in inflam-
mation imaging. It is, however, important to emphasize here
a limitation of '8F-FDG PET imaging of cardiac inflamma-
tion an infection, which is the intense physiologic uptake of
F-FDG by the myocardium. The myocardium uses different
metabolic substrates including glucose at different diseased
and health states. It, therefore, traps '*F-FDG significantly.
Intense uptake of '*F-FDG by the myocardium makes the
study uninterpretable when imaging is performed for infec-
tion or inflammation indications. There is, therefore, a need
for myocardial suppression procedure before '*F-FDG PET
imaging of the heart. The most common method for myo-
cardial suppression of glucose utilization (and by extension
BE_FDG utilization) is prolonged fasting for up to 16 h and
dietary modification (high fat, low carbohydrate, and pro-
tein permitted diet) 1 day before the study [93]. Pharma-
cologic intervention using unfractionated heparin may also
be explored for myocardial suppression of glucose utiliza-
tion. Recently, Clément et al. [94] reported that a 1-week
ketogenic diet provided a further decrease in myocardial '8F-
FDG uptake and increase lesion detectability in an animal
model of autoimmune myocarditis. This approach may have
limited clinical applicability especially in the symptomatic
patients where a prompt diagnosis is desired.

In a longitudinal study of a murine model of autoim-
mune myocarditis, Werner et al. showed a high '*F-FDG
PET signal in the acute phase of myocarditis which showed
a good correlation with the level of macrophages present
at the site of myocardial inflammation [95]. BE_FDG PET
signal decreased at the subacute phase of the disease. This
preclinical study showed that '®F-FDG uptake in acute
myocarditis is proportional to the level of inflammation in
the affected myocardium. There are limited studies in the
literature that have reported the role of '*F-FDG PET/CT
in the evaluation of myocarditis. Studies on '*F-FDG PET/
CT imaging in PLHIV are even rarer. Pathological changes
seen in myocarditis are similar between HIV-infected and
HIV-uninfected people [87]. Experience reported on the use

of "8 F-FDG PET/CT in HIV-uninfected people may, there-
fore, be extrapolated to PLHIV. In a group of patients with
different forms of myocarditis including acute and chronic
forms of the disease and using EMB as the diagnostic gold
standard, Ozawa et al. [96] reported a perfect sensitivity,
specificity, positive predictive value, and negative predictive
value of 100% each for '8F-FDG PET/CT in the detection of
myocarditis if performed within the first 14 days of onset of
symptoms. The diagnostic performance of '®F-FDG PET/CT
dropped if imaging was performed beyond this time. These
findings are in agreement with the preclinical study report-
ing the highest intensity of '*F-FDG PET signal in the acute
phase of myocarditis with a signal reduction in the subacute
phase of the disease [95]. Others have reported cases of
myocarditis where '®F-FDG PET/CT imaging contributed
to the diagnosis of the disease [97-99]. Following successful
treatment or resolution of myocarditis, '*F-FDG PET signals
return to normal [100]. This shows that '*F-FDG PET/CT
may be useful as a tool for therapy response assessment.

The application of hybrid imaging with PET/MR is gain-
ing popularity in clinical usage. The excellent soft tissue
resolution and the well-characterized features of myocarditis
available from CMR combined with the metabolic informa-
tion available from '*F-FDG PET may offer superior diag-
nostic performance than either modality alone. Evidence is
emerging, supporting the use of hybrid '®F-FDG PET/MR
in the evaluation of patients with myocarditis [90, 101]. Ini-
tial cases reported on the utility of '®F-FDG PET/MR in
the evaluation of patients with myocarditis have provided
encouraging results with good concordance between the two
imaging modalities [102—104]. In a prospective comparison
of 8F-FDG PET and CMR in 55 patients with suspected
myocarditis, 23 patients had CMR features suggestive of
myocarditis while 18 patients had pathologic '*F-FDG
uptake [105]. Six patients with pathologic CMR findings
did not have corresponding '®F-FDG uptake while only one
patient had pathologic '®F-FDG uptake without correspond-
ing pathologic CMR finding. There was at least a good spa-
tial agreement between pathologic findings on CMR finding
versus pathologic '®F-FDG uptake. Using CMR findings as
the reference gold standard, "*F-FDG PET had a sensitivity
of 74%, a specificity of 97%, and a diagnostic accuracy of
87% [105].

Despite rigorous preparation for myocardial suppres-
sion, some patients may still have physiologic '*F-FDG
uptake in the myocardium compromising image interpre-
tation [105]. This has led to an attempt at investigating
other radionuclide probes that target inflammation but have
no physiologic uptake in the normal myocardium for use
in molecular imaging of cardiac inflammation and infec-
tion. !'C-methionine is trapped by macrophages and can be
used for inflammation imaging [106]. In a murine model of
autoimmune myocarditis, Maya and colleagues show that
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the level of ''C-methionine correlates well with the level
of macrophages in lesions [107]. There was a good corre-
lation between the signal intensity of !'C-methionine and
BE_FDG. Exploration of this and other radiotracers without
physiologic myocardial uptake (especially peptides labeled
to radionuclide with wider availability than ''C) is war-
ranted for clinical translation in radionuclide imaging of
myocarditis.

In summary, molecular imaging with '®F-FDG PET/CT
may be helpful in the diagnosis of myocarditis especially
in the acute phase of the disease. With the increasing avail-
ability of PET/MR in routine clinical practice, this hybrid
imaging technique may provide a better diagnostic accu-
racy in the assessment of myocarditis than either technique
used alone. The need for myocardial suppression to prevent
the physiologic uptake of '®F-FDG in the heart muscle is a
limitation to the use of '*F-FDG PET/CT in the evaluation
of myocarditis.

Infective endocarditis

Infective endocarditis (IE) is a relatively rare disease but
one associated with high morbidity and mortality. There has
been a steady decline in the incidence of IE among PLHIV
in the ART era [108-110]. HIV itself has not been consist-
ently shown to be an independent risk factor for IE. Certain
factors prevalent among PLHIV increase their chances of
acquiring infection of the native heart tissues or that of car-
diac-related devices. In the developed countries, intravenous
drug use is the single most important factor predisposing
to IE among PLHIV with a higher incidence of IE seen in
injection drug users (IDUs) who are HIV-infected compared
with IDUs who are HIV negative [111]. Intravenous drug
use is a less common mode of transmission of HIV in Sub-
Saharan Africa compared with developed countries. Studies
performed in developing countries where HIV prevalence is
high have not shown HIV to be an independent risk factor
for IE. In a cohort of 92 patients evaluated for probable IE
in South Africa, only one patient was HIV positive [112].
In another study from the Democratic Republic of Congo,
only 1.2% of 83 consecutive HIV-infected patients with
heart disease had IE [113]. In the developing countries, the
main risk factors for IE are rheumatic valvular heart disease,
congenital heart disease, the presence of prosthetic valves,
and history of infective endocarditis [112]. Skin abscess and
bacteremia, which are common among PLHIV, may be addi-
tional risk factors for IE in them [114, 115].

The diagnosis of IE is not different between HIV-infected
and HIV-uninfected patients. The diagnosis of IE is accord-
ing to the modified Duke criteria which are based on sugges-
tive clinical findings, echocardiography, and positive blood
culture to isolate the causative organism [116]. The clinical
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presentation of IE does not appear to be different between
HIV-infected and HIV-uninfected people [117, 118]. PLHIV
is more likely to have IE which involves right-sided heart
valves or a combination of right-sided and left-sided heart
valves in contrast to HIV-uninfected people who have pre-
dominantly left-sided valvular involvement [117, 118]. Non-
bacterial thrombotic endocarditis (also known as marantic
endocarditis) has been described in patients with advanced
HIV infection [119]. Marantic endocarditis is characterized
by friable vegetations on the heart valves without infection
and a high likelihood of distant embolization [119]. The
absence of bacteremia and, consequently, a negative blood
culture may impact on the diagnostic yield of the Duke cri-
teria for the diagnosis of endocarditis in this setting. Despite
this concern, no significant difference was reported in the
diagnostic performance of the Duke criteria in HIV-infected
IDUs compared with HIV-uninfected IDUs [120]. Among
PLHIV, low CD4 counts < 50 cells/mm? and high viral load
(HIV RNA > 100,000 copies/mL), which connote severe
immune suppression and high viremia, are predictive of poor
IE treatment outcome [121].

In its most recent guidelines, the European Society of
Cardiology included abnormal tracer uptake on radiolabeled
leucocyte single-photon emission tomography and computed
tomography (SPECT/CT) or "®F-FDG PET/CT as major cri-
teria in its modification of the Duke criteria for the diagnosis
of IE in patients with suspected prosthetic valve endocarditis
[116]. Both radiolabeled leucocyte SPECT/CT and '®F-FDG
PET/CT are useful adjuncts to echocardiography and blood
culture in the diagnosis of prosthetic valve endocarditis
(PVE), but less so in native valve endocarditis (NVE). To
our knowledge, no studies have been done exclusively in
PLHIV on the use of radionuclide techniques in the diagno-
sis of IE. Lessons learned from studies recruiting patients
regardless of their HIV serostatus can safely be applied to
the HIV-infected population. Comprehensive reviews of the
diagnostic performances of radiolabeled leucocyte SPECT/
CT and '®F-FDG PET/CT have been recently published
[122, 123]. In the most recent meta-analysis, the pooled
sensitivity of radiolabeled leucocytes scintigraphy and '*F-
FDG PET/CT in patients with IE were 80% (95% CI 67-94)
and 71% (95% C1 56-87), respectively [122]. The respective
pooled specificity for radiolabeled leucocytes scintigraphy
and '"®F-FDG PET/CT in patients with suspected IE were
100% (95% CI 98-101) and 89% (95% CI 84-95). In patients
with suspected cardiac implantable electronic device-related
infection, the pooled sensitivity, and specificity were 85%
(95% CI177-93) and 91% (95% CI 87-96) for '8F-FDG PET/
CT, respectively [122].

The application of radiolabeled leucocytes SPECT/CT
is premised on leucocyte migration to the site of infection.
This imaging technique provides a highly specific means
of imaging cardiac and cardiac device-related infections as
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radiolabeled leucocytes do not accumulate to a significant
extent at the site of sterile inflammation seen in the early
postoperative period and as a physiologic reaction induced
by prosthetic materials. Radiolabeling of leucocytes is
technically demanding, requires highly skilled technicians,
and involved the handling of blood with the attendant risk
of staff exposure to blood-borne pathogens. In radiola-
beled leucocytes SPECT/CT, imaging is acquired at 2 or
3-time-points over 24 for **™Tc-HMPAO-lebeled leuco-
cytes and up to 48 h for !''In-oxine-labeled leucocytes
scintigraphy.

BE_FDG PET/CT is a more commonly used radionu-
clide technique for IE imaging [124]. It does not involve
blood handling, and imaging is completed within 2 hours.
The better resolution of the PET system may make '®F-FDG
PET/CT more sensitive for IE compared with radiolabeled
leucocytes SPECT/CT. The most recent meta-analysis has,
however, not confirmed this assumption [122]. BE_FDG
accumulates at the site of sterile inflammation, a drawback
that may limit the utility of '*F-FDG PET/CT for IE imag-
ing within 3 months after surgery. Prosthetic cardiac devices
induce sterile inflammation causing increased physiologic
BE_FDG uptake around them [125]. A recent study did not
find a significant reduction in physiologic '*F-FDG uptake
around the prosthetic heart valve over 1-year postoperatively
[126]. The study, however, proposed normality criteria to
guide image interpretation.

Rheumatic heart disease (RHD) has since ceased to be
of a public health concern in the developed countries but
continues to be a leading cause of acquired heart disease
contributing significantly to cardiac mortality and morbid-
ity in developing countries [127, 128]. Rheumatic heart
disease results from poorly treated group A Streptococcal
pharyngitis in childhood that leads to autoimmune response
characterized by damage of the heart valves and myocar-
dium. RHD has a high predilection for the mitral valve
causing mitral regurgitation and less commonly, mitral ste-
nosis. Most recent studies in Africa show a low incidence
of RHD among PLHIV [129-131], but when present may
serve as a risk factor for IE [112]. '®F-FDG PET/CT is use-
ful for unraveling the cause of fever in immunodeficiency
states [132, 133]. Fever is the most frequent symptom of IE
[116, 124]. In immunosuppressed patients presenting with
fever of unknown origin where the cause of fever remains
unknown after standard diagnostic work-up, '*F-FDG PET/
CT helps identify IE occurring on the background of RHD,
Fig. 4 [134]. A comparative study has reported the diagnos-
tic performance of '*F-FDG PET/CT in 19 patients with
acute RHD, 17 patients with chronic RHD, and 12 healthy
controls. Diffuse '®F-FDG in the myocardium was seen in

all but five patients with acute RHD [135]. The significance
of this diffuse myocardial uptake is unknown, as no details
regarding image interpretation were presented in the study.
Further study regarding the role of '®F-FDG PET/CT in
RHD is, therefore, needed.

In summary, molecular imaging using SPECT and PET
techniques is increasingly being used for the diagnosis
work-up of patients with suspected IE due to its accuracy
in patients in whom diagnosis cannot be confirmed using
the Duke criteria. Availability, especially in the develop-
ing countries, remains a limitation militating against a more
widespread use of molecular imaging in the evaluation of
endocarditis among PLHIV.

Conclusion

Molecular imaging using radionuclide techniques is
increasingly showing higher utilization for characterizing
and diagnosing cardiovascular inflammation and infection
in PLHIV. Molecular imaging techniques, especially with
I85_FDG PET/CT, are useful for risk prediction, disease
quantification, and for measuring the impact of intervention
in subclinical atherosclerotic cardiovascular disease among
PLHIV. The ability to risk-stratify patients may be helpful in
the future to select patients who may benefit from primary
prophylaxis against ASCVD. Inflammation is becoming a
critical therapy target in ASCVD. The ability of molecular
imaging to directly quantify lesion or arterial inflammation
makes it a suitable tool for evaluating the effectiveness of
new therapeutic agents targeting inflammation in ASCVD.
PET and SPECT imaging techniques are essential tools in
the evaluation of cardiac infection especially in suspected
infective endocarditis where the diagnosis remains incon-
clusive after standard diagnostic work-up. PET and SPECT
techniques are of clinical value to guide tissue biopsy for
histological or microbiological confirmation of cardiac
inflammation and infection especially since these condi-
tions may have patchy distribution leading to sampling error
when biopsy is done blindly without guidance to the sites
of disease involvement. The prompt return to normalcy of
metabolic changes before morphological restoration makes
molecular techniques using radionuclide modalities for ther-
apy response assessment preventing over or under-treatment
and associated consequences. More studies are necessary to
define better the roles of molecular imaging techniques in
cardiovascular inflammation and infection among PLHIV.
This call is likely to be answered soon as SPECT and PET
techniques become increasingly available in developing
countries where the greater proportion of PLHIV resides.
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Fig.4 Images of a newly diagnosed HIV-infected female who had
BE.FDG PET/CT to identify the cause of fever of unknown origin.
Images showed intense '®F-FDG uptake in the mitral valve and sur-
rounding myocardium. The patient subsequently succumbed to her
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