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yocarditis is an inflammatory lesion of

the heart muscle, which can be
caused by infections, including viral nature, as
well as autoimmune processes and the effect of
cardiotoxic agents [1]. The diagnosis of myocardi-
tis is one of the most difficult problems in cardiol-
ogy. This is due to the objective and subjective
difficulties in verifying the diagnosis in these dis-
eases [2, 3]. The clinical symptomatology of myo-
carditis is very similar to other forms of non-
coronary heart disease, and the currently accept-
ed laboratory-instrumental criteria for its diagno-
sis are low-specific [1, 2, 3]. It is considered that
finally the diagnosis of myocarditis can be con-
firmed only by endomyocardial biopsy [1, 2, 3, 4].
However, these data are depend on the site of the
puncture, and therefore only the positive results
of the EMB are really true. Taking into account
the invasiveness of the procedure, endomyocardial
biopsy is usually performed only in cases of unfa-
vorable course of the disease or inefficiency of the
therapy [5,6]. In connection with this, the risk of
untimely recognition of myocarditis and the ap-
pointment of ineffective treatment is great, which
can lead to a chronic process with the likely de-
velopment of cardiosclerosis, persistent of rhythm
disturbances and chronic heart failure.

Nowadays, timely and high-quality diagno-
sis of inflammatory heart diseases is impossible
without the use of radiological methods that are
highly informative, allowing to assess the anatom-
ical and pathophysiological changes in the affect-
ed organs and tissues. Among the commonly used
methods of cardiac visualization are ultrasound
scanning and magnetic resonance imaging (MRI).

Echocardiography (EchoCG) is recom-
mended for all patients with suspicion of myocar-
ditis and is directed, first of all, to the exclusion of
other morphological and functional changes in the
heart and its valves. There are no specific echo-
cardiographic signs for myocarditis.

It is known that when performing echocar-
diography in patients with myocarditis, a picture
of dilated cardiomyopathy may be observed [7].
But most often in patients with a low-symptom or
asymptomatic course of myocarditis, changes may
be absent or it is possible to determine a slight
increase in the end-systolic and end-diastolic vol-
umes of the left ventricle.

The MRI allows visualizing the edema of
the interstitial space, which is proper for the in-
flammatory process, as well as the zones of local
compaction, thinning and hypokinesis of the myo-
cardium which are proper for fibrosis [8, 9, 10].
Experts from the Group on CMR Diagnosis of My-
ocarditis in 2009 developed criteria for MR diag-
nosis of myocarditis ("Lake Louise" criteria), the
accuracy of which is 80% for the detection of
acute inflammation of the myocardium (Friedrich
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MG et al, 2009;) [ 9]. Unfortunately, when MRI is
performed later than 2 weeks from the onset of
the disease, the sensitivity of the study is signifi-
cantly reduced [9].

In recent years, the methods of gamma
scintigraphy, which can show the physiological
and biochemical processes occurring in the or-
gans, have been proposed for the diagnosis of my-
ocardial inflammation [11, 12]. This is achieved
through the use of radiopharmaceuticals (RPH)
which are tropic to certain molecular structures,
and also are able to be metabolized in certain or-
gan [11].

The methodology of radionuclide diagnos-
tics of heart inflammation is differing from that
used for inflammatory diseases of other organs.

This is due to physiological, anatomical
features of the heart, as well as pathophysiological
differences of cardiac inflammation [1, 13].

For heart inflammation it is impossible to
use "traditional" non-specific RPH (except 67Ga),
which accumulate in the pathological focus due to
increased vascular permeability and increased
blood flow [14], since the blood filling of the dam-
aged tissue is significantly lower than blood vol-
ume of the heart ventricles.

As it is known, all stages and forms of my-
ocarditis are characterized by the presence of
lymphocytic infiltration and foci of necrosis in the
myocardium, as well as the granulation and fibro-
sis in chronic course of the disease [1].

In this regard, in nuclear cardiology are
used RPH that fix in the area of cardiomyocytes
damage mainly due to the release of their intra-
cellular elements into the interstitial space. Such
RPH include:

1. 67Ga-citrate;

2. Radiopharmaceuticals for evaluation of
myocardial  perfusion (**mTc-MIBI,  9“mTec-
tetrofosmin, 201TI);

3. Radiopharmaceuticals for diagnosis of
myocardial damage (labeled with 111In antimyo-
sin antibodies, 9°mTc-pyrophosphate).

Lymphocytic myocardial infiltration in my-
ocarditis can be visualized with "traditional" spe-
cific RPH, which accumulate in the inflammatory
foci due to exudation and emigration of immuno-
competent cells. The specific group of RPH in-
cludes:

1. Leucocytes labeled with 111In-oxine or
99mTc-HMPAO;

2. Fragments of monoclonal antibodies to
granulocytes labeled with 99mTc.

In recent years, positron emission tomog-
raphy with 18 fluorodeoxyglucose (FDG) combined
with computed tomography (PET/CT) has been
increasingly used to diagnose myocardial inflam-
mation. This RPH accumulates in the inflammato-
ry lesion due to increased glucose metabolism of
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activated macrophages present in the inflammato-
ry [15, 16].

Next the capabilities of the above RPH in
clinical practice and the methodology of radionu-
clide diagnostics of the heart inflammation will be
considered.

The first radiopharmaceutical proposed for
the diagnosis of inflammation in the myocardium
was 67Ga-citrate [17, 18]. The possibility of using
this indicator in cardiology was shown by Reeves
W.C. With et al. [19] in 1981 on the model of myo-
carditis in rabbits.

The accumulation of 67Ga in the inflamed
myocardium is explained by chemical properties
of the gallium, which are similar to ferric iron (Fe3
+). The 67Ga uptake occurs as a result of its pas-
sive transmembrane diffusion and the formation
of 67Ga complex with proteins that have an affini-
ty for iron [17, 18].

To date 67Ga in cardiology is rarely used,
because it slowly accumulates in the inflammato-
ry focus, has a non-optimal radiological character-
istics, a relatively long half-life, and its sensitivity
is inferior to modern radiopharmaceuticals [19,
20].

Over the past 10 years, only a few manu-
scripts concerning the visualization of myocardial
inflammation with 67Ga have been published. In
particular, Hung M.Y., Hung M.J., Cheng C.W. in
2007 showed the possibility of differential diagno-
sis of acute myocarditis and acute myocardial in-
farction with the use of this RPH [21]. In 2009
Momose M et al demonstrated the possibility of
cardiac  sarcoidosis using imaging using
SPECT/CT with 67Ga. The authors showed a
higher efficiency of hybrid images comparing with
isolated use of the SPECT (sensitivity 77% vs 69%,
specificity 79% vs 54%, accuracy 76% vs 62%)
[22]. It should be noted that the presented studies
were performed on a small group of patients (less
than 15 people).

Radiopharmaceuticals for myocardial per-
fusion imaging are not specific for inflammation
and can be used to obtain additional information,
in particular, on the severity of damage or fibrosis
in myocarditis.

For this purpose, 99mTc-MIBI and 201TI
are used. The intensity of their accumulation in
the myocardium depends on the state of coronary
blood flow, of the integrity of membranes and the
metabolism of cardiomyocytes [11]. Since inflam-
mation and microbial invasion lead to local necro-
sis in the myocardium, changing of cellular home-
ostasis and energy metabolism, the myocarditis,
as a rule, is accompanied by perfusion defects [23,
24, 25, 26].

Unfortunately, the results of SPECT ob-
tained using °mTc-MIBI and 201Tl are non-
specific and do not allow to differentiate coronary
artery disease (CAD) with myocarditis [11]. The
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only feature of myocarditis is the less pronounced
pathological changes on scintigraphic images [24,
25, 20].

However, according to Sun Y. et al. [27] the
value of perfusion defects is closely correlated
with the clinical and laboratory-instrumental
manifestations of inflammatory processes in the
myocardium. Similar data were obtained by De
Winter et al in 2005 [28]. This indicates the pro-
spects for using perfusion scintigraphy to predict
the course of this pathology.

Radionuclide markers for myocardium
damage imaging were initially created for the di-
agnosis of acute myocardial infarction. They are
fixed in the area of damage, mainly due to interac-
tion with chemical compounds that are formed
and accumulate in the cardiac muscle during ne-
crosis of cardiomyocytes [29]. These same pro-
cesses accompany the alterative stage of myocar-
dial inflammation [30]. The most widely used
among them are 99mTc-pyrophosphate and an-
timyosin antibodies, labeled with 111In [31, 32,
33,34].

The possibility of  using 9mTc-
pyrophosphate for myocardial inflammation imag-
ing was shown in 1978 by Riba A.L. et al. on the
model of infective endocarditis of the aortic valve
[35]. A little later Matsumori A et al. (1980) per-
formed similar research on the model of viral peri-
omyocarditis [36].

The mechanism of 99mTc-pyrophosphate
uptake by damaged myocardium has not been ful-
ly studied. It is assumed that the accumulation of
the tracer in the heart is the result of the for-
mation of granules of crystalline hydroxyapatite
(calcium phosphate compound) in the mitochon-
dria of irreversibly damaged cardiomyocytes [29].

Another possible mechanism of 99mTc-
pyrophosphate uptake in the cardiac muscle is
the non-specific sorption of 99mTc compounds by
denatured macromolecules or enzymes, for exam-
ple, phosphatases [29]. All these processes ac-
company other non-coronary heart diseases, for
example, cardiomyopathy, and this reduces the
specificity of the method in the diagnosis of in-
flammation [37, 38].

To date, 2mTc-pyrophosphate is most fre-
quently used for cardiac amyloidosis visualization
[34, 39, 40, 41]. In particular, according to the
multicenter study performed by Castano A. et al
in 2016, the efficiency of the SPECT with 99mTc
pyrophosphate in the diagnosis of this pathology
was: sensitivity - 91%, specificity - 92%. It was
found that the value of the heart/contralateral
side coefficient of more than 1.6 is a predictor of
poor prognosis of survival in patients with cardiac
amyloidosis [40].

In modern clinical practice 99mTc-
pyrophosphate for the diagnose of myocardial in-
flammation is used rarely and in the literature of
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the last decade there are only a few publications
devoted to this problem. This is probably due to
the fact that the results of scintigraphy cannot
affect the choice of myocarditis treatment, in
which the leading role is assigned to the morpho-
logical and molecular-genetic studies of endomyo-
cardial samples [1, 2, 3].

At the same time, according to our data,
the sensitivity, specificity and diagnostic accuracy
of the SPECT with 99mTc-pyrophosphate com-
bined with myocardial perfusion scintigraphy are
rather high (80%, 83%, 82%, respectively) in diag-
nostics of latent chronic myocarditis [40]. In this
regard, for our opinion, scintigraphy with 9“mTc-
pyrophosphate can be used as an additional
method for selecting patients with suspected myo-
carditis for endomyocardial biopsy.

The background for the creation of 11!lIn-
labeled antimyosin antibodies (!1!In-AMM) were
the low ability of the latter to cross-link with a
similar skeletal muscle protein, and the fact that
"cardiac" myosin enters the interstitial space and
becomes available for the "antigen-antibody" reac-
tion only in damaged cardiomyocytes [29, 43].

Scintigraphic diagnosis of myocarditis with
1HIn-AMM ("Myoscint"), has high sensitivity values
(83%), but low specificity (53%) [29, 43]. This situ-
ation is due to the ability of this RPH to accumu-
late in the cardiac muscle in other noncoronogen-
ic myocardial diseases accompanied by an altera-
tion, for example, in the case of cardiomyopathy
[31, 44].

Intensity of myocardial accumulation of
1HIn-AMM has, according to Martin R. et al. [44],
the inverse correlation dependence with the dura-
tion of myocarditis. This is explained by the fact
that in the acute stage of the disease the damage
of cardiomyocytes is expressed to the greatest ex-
tent. Further, the level of alteration decreases,
causing a decrease in accumulation of the indica-
tor [44].

Nowadays, despite the high diagnostic effi-

cacy the 11In-AMM practically are not used, since
111In has a non-optimal radiological characteris-
tics, a relatively long half-life, and inferior to mod-
ern radiopharmaceuticals sensitivity [11].
The possibility of using labeled leukocytes for the
diagnosis of myocardial inflammation was first
shown by Weiss E.S. in 1977 [45] on the example
of the accumulation of !!lIn-leukocytes in the area
of myocardial infarction.

Later Riba A.L. et al. in 1978 [46] in this
way tried to visualize the experimental infective
endocarditis of the aortic valve, but get negative
results.

Single clinical studies of !!lIn-leukocytes
were performed in the late 80's and early 90's. So,
Oates E in 1988 [47] and Cerqueira M.D. in 1989
[48] diagnosed abscesses of the aortic valve in pa-
tients with infective endocarditis. Barst U. et al. in
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1993 [49] get a positive correlation between the
activity of the disease and the intensity of accu-
mulation of s labeled with °mTc or !'!'!In leuko-
cytes.

In clinical practice, for leukocytes labelling
the 99mTc preparations are preferable, since they
have optimal radiation characteristics. The meth-
od of "labeled leukocytes" is widely used to detect
inflammatory foci of any localization, except the
pathology of the spleen [S0, 51].

In nuclear cardiology, leukocytes labeled
with 99mTc-HMPAO are used primarily for visuali-
zation of infective endocarditis [52] and infectious-
inflammatory complications after implantation of
pacemakers [53]. Publications on the diagnosis of
myocarditis using this method are single.

Thus, M.V. Deryugin and S.A. Boytsov [54]
in 2005 compared the results of complex radioiso-
tope diagnosis of myocarditis, including scintigra-
phy with leucocytes labeled with 9“mTc-HMPAO,
and evaluation of myocardial perfusion at rest
with data from instrumental and clinical studies.
They showed high specificity and sensitivity of the
radionuclide method. At the same time, the au-
thors noted "some discrepancy’ between the re-
sults of scintigraphy and endomyocardial biopsy
[54, 55].

We also studied the efficacy of SPECT with
9mTc-HMPAO-leukocytes in the diagnosis of
chronic myocarditis and compared scintigraphy
with histological examination of the myocardium.
Based on the results of this work, the sensitivity,
specificity and diagnostic accuracy of the method
were 62%, 92%, 85%, respectively [12, 56, 57, 58,
59].

Despite the rather high diagnostic value,
the method of "labeled leukocytes" has a number
of significant drawbacks, coupled with technical
difficulties in its implementation. In this regard,
since the introduction of scintigraphy with "la-
beled leukocytes" into clinical practice, the re-
searchers began developing RPH for the labeling of
leukocytes in vivo. Advances in the development of
modern biochemical and radiopharmaceutical
technologies have made it possible to solve this
problem, and radionuclide indicators which are
able to bind specifically with the receptors of im-
munocompetent cells migrating to the inflamma-
tory region, have been synthesized. Thus, at pre-
sent, the production of diagnostic kits "LeukoS-
can®" for the technetium-99m generators, which
are fragments of antibodies to granulocytes (Fab '),
has been established. The mechanism of accumu-
lation of 99mTc-Fab' in the pathological focus is
mainly due to their interaction with surface recep-
tors of granulocytes and non-specific diffusion in-
to the lesion due to increased vascular permeabil-
ity [60].

This indicator is widely used for imaging
the inflammation of soft tissues [61, 62, 63, 64].
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In nuclear cardiology, an attempt was previously
made to use LeukoScan® for the diagnosis of en-
docarditis [65, 66]. So, the scintigraphic studies
performed by Grats M.D. et al. in 2000 [65],
showed a high diagnostic accuracy of the method
for visualization of inflammation in the endocar-
dium. However, in the literature of the last dec-
ade, works devoted to this problem are presented
only by single descriptions of clinical cases [67].

There are also separate publications in which the
possibility of using immunoscintigraphy for the
diagnosis of myocarditis has been presented [68,
69]. These studies were performed on a small
group of patients, and scintigrams were not com-
bined with the anatomical contours of the heart.

Particular attention in the framework de-
serves the positron emission computed tomogra-
phy (PET) with 18F-fluorodeoxyglucose (18FDG),
which is one of the most sensitive methods of vis-
ualization of inflammatory foci [70, 71]. This
method has several advantages over SPECT in-
cluding reducing the duration of the study a high-
er spatial resolution, the possibility of performing
quantitative analysis and providing information on
the state of the organs and tissues [70, 71]. The
method is based on visualization of the accumula-
tion of the 18FDG in glycolytically active cells, in-
cluding neutrophils, monocytes and macrophages.
In addition, microvascular damage, damage to
cardiomyocytes, and changes in fatty acid me-
tabolism are the causes of increased glucose me-
tabolism in the inflamed myocardium [72, 73].

To date, this method has been successfully
used to diagnose sarcoidosis, amyloidosis, and
cardiovascular implantable electronic device infec-
tion [72, 73, 74].

Publications concerning the possibility of
myocarditis imaging using PET with 18FDG are
limited.

So, a clinical example, when an acute in-
flammatory myocarditis was detected using hybrid
18FDG/MRI in Epstein Barr virus infection, was
presented. In patient with LV systolic dysfunction,
pericardial effusion according to ECHO-CG data,
and heterogeneously increased accumulation of
18FDG in LV myocardium were found. The pres-
ence of active myocarditis was confirmed by histo-
logical examination of fragments of endomyocar-
dium [75].

Tung R et al, when using PET with 18FDG,
visualized foci of increased accumulation of RPH
in 50 out of 103 examined patients with idiopathic
cardiomyopathy and ventricular arrhythmias.
Among them, endomyocardial biopsy was per-
formed in 10 patients, according to which myo-
carditis was verified in 9 (90%) patients [70].

In 2016, Nensa F et al compared MRI data
and 18FDG-PET studies in 65 patients with sus-
pected myocarditis [77]. The authors found good
consistency between the results of these methods.
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The sensitivity, specificity and diagnostic accuracy
of PET in relation to MRI were 74% and 97%, re-
spectively.

In the Ozawa K et al 2013 study, the con-
sistency of 18FDG-PET and endomyocardial biop-
sy results was demonstrated in terms of detection
of the active inflammatory process of the posterior
wall of the left ventricle in patients with clinical
signs of active acute myocarditis [78]. The authors
also found that the method is most informative
within 14 days from the onset of the manifestation
of the disease.

Discussing the use of 18FDG-PET for the
diagnosis of myocardial inflammation, it should be
noted that the heart normally has a high glucose
metabolism and for a qualitative visualization of
the cardiac inflammation, a preliminary prepara-
tion of the patient is required, aimed at reducing
the physiological accumulation of 18FDG in the
myocardium. This can be achieved by switching
cardiomyocytes to the metabolism of free fatty ac-
ids (using fasting, a high-lipid diet), or by blocking
the transport of glucose to cardiomyocytes (use of
calcium channel blockers). Given this feature, the
diagnosis of inflammation requires the use of spe-
cial protocols and patient compliance with a spe-
cial low-carbohydrate diet [73, 78].

Despite the fact that PET with 18FDG has
high sensitivity in the diagnosis of inflammation, a
number of authors have noted a rather low speci-
ficity of the method [79, 80, 81]. In a study of
Rouzet F. et al. a comparison of PET-CT with
18FDG and SPECT-CT with 99mTc-HMPAO-
labeled autoleukocytes for diagnoses of endocardi-
tis was performed, and it was shown that the
scintigraphy study had a significantly higher di-
agnostic efficiency compared to PET [82 ].

To solve this problem, the use of in vitro
labeled 18FDG autologous leukocytes was sug-
gested. This technique is successfully used to vis-
ualize the inflammation of various localizations
and has high specificity - from 85% to 96% ac-
cording to different authors [82, 83, 84]. At the
same time, labeling of leukocytes in vitro, as was
mentioned above, involves certain difficulties [50,
51].

To date, the search and synthesis of new
radiopharmaceuticals for the diagnosis of myocar-
ditis are continued, but publications concerning
this subject are limited.

The research group of Lee S.P. et al sug-
gested that a new ©68Ga-NOTA-MSA PET tracer
which has the affinity with macrophage and origi-
nally designed for visualization of the lymph
nodes, could be used to detect inflammatory infil-
trates in the myocardium [85]. In this study the
authors used a model of myocarditis in mice,
while the presence of inflammation was verified at
the end of the PET scan by histological, immuno-
histochemical and immunofluorocene methods.
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Images of the mice hearts with and without myo-
carditis were compared, and the reliability of dif-
ferences in the intensity of accumulation of 68Ga-
NOTA-MSA in the myocardium was found to be
0.32 (0.31 ~ 0.33 SUV) vs 1.02 (0.86 ~ 1.06 SUV)
p = 0.010. These results demonstrated the pro-
spects of using this PET-tracer for the visualiza-
tion of inflammatory infiltrates in the myocardi-
um.

Benali K et al in 2014 used a new radio-
pharmaceutical 2mTc-annexin A5-128, which is a
derivative of human annexin and has an affinity
for the apoptosis marker - phosphatidylserine, to
detect experimental autoimmune myocarditis [86].
The results showed high diagnostic sensitivity of
new RPH.

Researchers Taki J et al [87] suggested
that a PET with 11C-methionine, which is suc-
cessfully used in oncology [88], can be used to di-
agnose cardiac inflammation and, in addition, can
accumulate in areas of the infarcted myocardium
[89]. The likely mechanism for the accumulation
of this radiopharmaceutical in necrotic areas of
the myocardium is the affinity to the initial stages
of reparation and angiogenesis [87], which also
occurs with inflammatory damage.

Later Maya Y et al [90] sequentially intra-
venously injected 11C-methionine and 18 FDG to
rats with an autoimmune myocarditis model and
compared the resulting images. It was shown that
the arears of increased f 11C-methionine and
18FDG uptake in the heart coincide. The authors
concluded that 11C-methionine is a promising
marker of myocardial inflammation.

Thus, the methods of scintigraphic diag-
nostics of myocarditis presented in this review
have variable diagnostic efficiency, which makes
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their interpretation necessary only in combination
with the results of general clinical examination.
Despite the large number of potential radiotracers
for visualization of cardiac inflammation, studies
devoted to this problem are limited. This is proba-
bly due to the relatively low resolution of radionu-
clide techniques and the inability to visualize
small infiltrates. At the same time, this lack of
scintigraphy is largely overcome by using hybrid
techniques (SPECT/CT, PET/CT), which allows to
accurately determine the location of pathological
foci and to obtain additional radialogical criteria
for the inflammatory process. Many researchers
emphasize that the best prospects within the dis-
cussed problem has the PET-MRI, which, howev-
er, is not yet widely used in clinical practice.

It should also be emphasized that scintig-
raphy as an isolated method of examination can
not affect the tactics of myocarditis treatment,
which includes mainly correction of heart failure
or heart rhythm disturbances. Specific therapy is
based on the use of glucocorticoids in a limited
contingent of patients [1, 3, 4] and antiviral thera-
py prescribed in case of a persistence of viral in-
fection in endomiocardial specimens obtained
from endomyocardial biopsy [1, 3, 4]. However, in
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