Russian Journal of Cardiology 2023;28(S1):5259
doi:10.15829/1560-4071-2023-5259
https://russjcardiol.elpub.ru

4

OPINION ON A PROBLEM
ISSN 1560-4071 (print)

ISSN 2618-7620 (online)

ISSN 2782-2257 (online)

Red flags to diagnose infiltrative cardiomyopathies

Reznik E. V2, Nguyen T.L!, Ustyuzhanin D. V.3, Semyachkina A.N., Shkolnikova M.A!

Infiltrative cardiomyopathies are a group of diseases cha-
racterized by the deposition of abnormal substances in heart
tissues, which leads to thickening of the walls or dilation of
chambers with a secondary decrease in wall thickness and
the development of diastolic, less often systolic, ventricular
dysfunction. Most often, these are progressive diseases
that, in the absence of adequate therapy, have an unfavo-
rable prognosis. Clinical manifestations of infiltrative cardiac
diseases are variable, which often leads to diagnostic dif-
ficulties and errors. In most cases, specific laboratory and
morphological tests are required to confirm or clarify the
diagnosis. Early diagnosis is critical to initiating therapy and
improving patient prognosis. This article provides characte-
ristic signs and symptoms, the so-called "red flags”, making
it possible to suspect infiltrative cardiomyopathies, diagnose
them at an early stage and start life-saving therapy.
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Infiltrative cardiomyopathy (ICM) is a group of
diseases characterized by the deposition of abnormal
substances in the heart tissue, causing diastolic,
less often systolic, dysfunction of the ventricle(s).
Physiological and morphological characteristics of
ICM are variable, which quite often leads to dia-
gnostic and therapeutic errors.

The aim of this review was to analyze current
studies on the clinical course of ICM, to identify
symptoms and signs characteristic of ICM for the
timely diagnosis of the disease — their "red flags" and
"diagnostic keys".

Material and methods

We systematically searched the PubMed data-
base for the following keywords: "infiltrative
heart diseases”, "infiltrative cardiomyopathies”,
"red flags", "keys for diagnosis”, "amyloidosis",
"sarcoidosis", "hemochromatosis”, "Fabry disease",
"mucopolysaccharidosis”, "Danon’s disease”, "Pom-
pe’s disease”, "oxalosis" and in the eLIBRARY.RU
database for the corresponding Russian keywords
for the period from January 1, 2012 to June 1, 2022.
Based on the results of the search, 242 following
literature sources were analyzed: consensus docu-
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ments, meta-analyses, literature reviews, articles,
case reports.

The review provides information on the defini-
tion, classification of ICM, their clinical manifesta-
tions, diagnostic methods, "diagnostic keys" and the
examination algorithm.

Classification

The term ICMappeared in connection with mo-
dern ideas about the etiology, pathophysiology of
diastolic dysfunction and restrictive cardiomyopathy
(RCM) — the development of myocardial fibrosis or
infiltration by certain substances or cellular elements.
In 1997, Kushwaha SS, et al. proposed a classification
of RCM, where ICM includes 5 diseases: amyloido-
sis, sarcoidosis, Gaucher disease, Hurler disease,
fatty infiltration [1]. Subsequently, Moiseev VS,
Braunwald E, Sewald JB, Madan N suggested some
definitions and expanded the list of diseases in
the ICM group [2-5] (Table 1). Currently, ICM
includes cardiac amyloidosis, cardiac sarcoidosis,
hemochromatosis, Fabry disease (FD), ANCA-
associated vasculitis, Danon disease, Friedreich
ataxia, mucopolysaccharidosis, cardiac oxalosis, etc.

Over the past decades, several revisions to ICM
definitions have been proposed, but a single clas-
sification still does not exist. The MOGE(S) clas-
sification system, published in 2013, reflecting infor-
mation about morphofunctional features, affected
organs and tissues, genetic mutations, acquired
causes, inspired us to the idea of ICM classifica-
tion, which was named after the first letters of the
parameters underlying the classification, MORAL-
STAGE (Table 2).

As a simpler tool for clinical practice, we a sta-
ging system for ICM from 3 stages can be proposed
(Figure 1):

Stage 1 — the stage of infiltration, the accumula-
tion of foreign substances in the heart begins, which
can be detected microscopically. Patients are mostly
asymptomatic, and the standard clinical and imaging
evaluation does not reveal any pathology. There may
be an increase in specific biomarkers.

Stage 2 — the stage of structural and functional
cardiac changes. Changes are revealed during echo-
cardiography, magnetic resonance imaging (MRI),
DPD-scintigraphy. In addition, the infiltrative pro-
cess can be indirectly detected by pathologically
elevated levels of high-sensitivity troponin T (hs-
TnT). Clinically, this can be manifested by unex-
plained chronic fatigue, decreased physical activity.
Symptoms and signs of heart failure (HF), as a rule,
are not yet present.

Stage 3 — HF. It is characterized by pronounced
structural changes, including fibrosis from local
to diffuse. With echocardiography, structural and
functional cardiac anomalies are more pronounced.

Table 1

Different classifications of ICM

Diseases classified as ICM

Year

Authors

Fat infiltration

Metastasis

Radiation injury

Endomyocardial
diseases,
radiation injury

ANCA-associated
vasculitis

Friedreich’s
ataxia

Cardiac oxalosis

Glycogen
storage diseases

Mucopoly-
sacchari-
dosis

Gaucher disease

Fabry disease

Hemochro-
matosis

Sarcoidosis

Amyloidosis

RS

+ (Hurler

+

+

1997

Kushwala SS,

etal. [1]

syndrome)

+

2011

Mowcees B. C.

(5]

+

2001

Braunwald E,

etal. [4]

+ + (Wegener’s

+(Danon +
disease)

2010

Sewald JB,
etal. [2]

granulomatosis)
+ (Wegener’s

dh

granulomatosis)

dh

+ (Danon +
disease)

+

2020

Madan N,
etal. [3]

Abbreviation: ICM — infiltrative cardiomyopathy.
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Figure 1. Staging of ICM.
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Abbreviations: MRI — magnetic resonance imaging, HF — heart failure, BNP — brain natriuretic peptide, NT-proBNP — N-terminal pro-

brain natriuretic peptide.

Increased levels of hs-TnT, the N-terminal pro-brain
natriuretic peptide (NT-proBNP), brain natriuretic
peptide. Clinically, shortness of breath, edema,
weakness, fatigue, and arrhythmias are detected.

Understanding and identifying the 3 stages of
cardiac involvement in ICM patients is important
for treatment, the effectiveness of which is related to
the stage of therapy initiation.

Clinical signs

ICM in young people (<30 years) is largely due
to genetic abnormalities, while in the elderly (>65
years), amyloidosis, iron overload, and sarcoidosis
are more common causes [2].

ICM in general are part of a systemic pathology
whose phenotypic expression in other organs usually
precedes cardiac manifestations. The role of the
cardiologist is to look for heart disease in a patient
who already has a diagnosis. In some cases, heart

damage is a characteristic sign (Friedreich’s ataxia,
transthyretin amyloidosis (ATTR-amyloidosis),
mucopolysaccharidosis), while the probability of
correct diagnosis depends on the qualification and
clinical alertness of the cardiologist in relation to
ICM (Figure 2).

Carpal tunnel syndrome, especially bilateral, occurs
in about half of patients with amyloidosis and often
precedes cardiac manifestations by several years. It
and proximal biceps tendon rupture, leading to Popeye
sign, are "red flags" of amyloidosis [6]. Carpal tunnel
syndrome can occur not only in amyloidosis, but also
in mucopolysaccharidosis. Such signs of amyloidosis,
as well as macroglossia or periorbital purpura, are
highly specific but poorly sensitive and should not be
used to exclude the disease (Figure 3).

Ocular impairments are not uncommon in pa-
tients with ICM. In FD, cornea verticillata, lens
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Designation

M (Morpho-
functional
phenotype)

O (Organ/system
invovement)

R (RIsk of cardiac
death)

A (Age of onset,
time on treatment)

L (localization
of pathological
process)

S (Stage)

T (Treatment)

A (Type

of arrhthmias,
conduction
disturbance

G (Genetic)

E (Etiology)

Table 2

MORAL-STAGE classification

Characteristics

Morphofunctional signs
or external clinical
manifestations

What organs/systems are
affected

Cardiovascular risk

Onset age and duration
of pathogenetic therapy

Location of the
pathological process
outside or inside the cell

ICM and heart failure
stages with NYHA
functional class

Treatment

Arrhythmias, conduction
disorders

Inheritance type

Etiology

Letter code

D — dilated cardiomyopathy, H — hypertrophic cardiomyopathy, R — restrictive
cardiomyopathy, E — early stage without clear phenotype, E(D) — early
diagnosis of dilated cardiomyopathy, E(H) — early diagnosis of hypertrophic
cardiomyopathy, NS — non-specific variant, 0 — without cardiac involvement,
NA — not available.

H — heart (LV — left ventricle, RV — right ventricle, RLV — right and left ventricles),
A — hearing organs, C — cutaneum, E — eyes, G — gastrointestinal tract,

K — kidneys, Li — liver, Lu — lungs, M — skeletal muscles, N — nervous system,

S — skeleton, 0 — without organ and system damage.

SCD — 5-year risk of sudden cardiac death according to the HCM risk SCD score
(%), HF — 3-year risk of mortality for HF patients according to the MAGGIC score
(%).

2 digits: first — onset age (years), second — duration of pathogenetic therapy
(years).

O — pathological process outside cells, | — pathological process inside cells,
Ol — pathological process outside and inside cells.

ICM stage (1-3).
Heart failure stage (I-1l1).
NYHA functional class (I-1V).

0 — not treated, S — symptomatic therapy (treatment of HF, arrhythmias),
P — pathogenetic therapy.

0 — no arrhythmia, AF — atrial fibrillation, VT — ventricular tachycardia,

AF+VT — atrial fibrillation and ventricular tachycardia, VF — ventricular fibrillation,
AVRT — atrioventricular reciprocating tachycardia, LBBB — left bundle branch
block.

AD — autosomal dominant, AR — autosomal recessive, XL-X-linked, M — maternal
line, 0 — no data, S — sporadic, N — non-hereditary, U — unknown.

G — genetic, A — amyloidosis (AA — AA-amyloidosis, AL — AL-amyloidosis),

S — sarcoidosis, H — hemochromatosis, U — unknown etiology, non-hereditary
amyloidosis, H-T — secondary hemochromatosis in thalassemia, O — oxalosis,
W — Wilson-Konovalov disease.

Abbreviations: ICM — infiltrative cardiomyopathy, HF — heart failure, NYHA — New York Heart Association.

opacity (Fabry cataract), increased tortuosity of the
vessels of the conjunctiva and retina are observed
[7]. Such signs usually do not impair vision, but
correlate well with disease severity and genotype [8].
In contrast to FD, ocular lesions in mucopolysac-
charidosis, including retinal pigment degeneration,
retinal angiospasm, corneal clouding, edema, optic
nerve atrophy, and glaucoma, can lead to significant
visual impairment [9].

Skeletal muscle weakness indicative of a primary
neuromuscular disorder (Friedreich ataxia, storage
disease) usually precedes cardiac involvement and
dominates the clinical picture, but sometimes skele-
tal myopathy is subtle and early symptoms or signs of
disease may be due to cardiomyopathy (for example,
in Danon disease) [10, 11].

If patients have symptoms such as fatigue, pain in
the right hypochondrium, arthralgia, chondrocalcino-
sis, skin pigmentation, liver enlargement, especially

the presence of cirrhosis, HF events, or diabetes,
hemochromatosis should be suspected [12].

Electrocardiography

Electrocardiography (ECG) in ICM car reveal
low QRS voltage, which is associated with the accu-
mulation of non-conductive substances in the myo-
cardium (glycosaminoglycans, amyloid, iron) and,
possibly, also with myocardial edema [9, 13]. Low
QRS voltage is a warning sign of the disease, often
preceded by significant left ventricular (LV) hyper-
trophy; however, in hemochromatosis and amyloi-
dosis, it manifests itself in late stages [14, 15]. There
is usually a characteristic discrepancy between the
limb leads and the precordial leads, with low vol-
tage in the limb leads and normal or high voltage
in the precordial leads. This discrepancy is not seen
in low voltage QRS conditions such as pericardial
or pleural effusion, obesity, emphysema, pneumo-
thorax, or myxedema. The prevalence of low QRS
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Figure 2. Red flags for ICM diagnosis.

Note: cardiac and systemic red flags with an increasing likelihood of ICM from internal (cardiac symptoms) to external circles (specific
symptoms). Popeye sign: prominence above the elbow, with simultaneous concavity near the shoulder due to proximal biceps tendon
rupture. Cherry-on-top or apical sparing: intact apical regions with high strain values, located in the central part and colored red against
the background of low strain of the middle and basal regions in cardiac amyloidosis. Limb- precordial voltage dissociation: voltage
mismatch between the limb leads and precordial leads, with low voltage in the limb leads while normal or sometimes high voltage in the
precordial leads.

Abbreviations: AV block — atrioventricular block, LBBB — left bundle branch block, RBBB — right bundle branch block, HCM —
hypertrophic cardiomyopathy, LVH — left ventricular hypertrophy, DCM — dilated cardiomyopathy, VT — ventricular tachycardia,
ICM — infiltrative cardiomyopathy, MRI — magnetic resonance imaging, SVT — supraventricular tachycardia, GFR — glomerular filtration
rate, TIA — transient ischemic attack, AF — atrial fibrillation, CHF — chronic heart failure, ECG — electrocardiography, BNP — brain
natriuretic peptide, GAA — acid alpha-glucosidase, GAG — glycosaminoglycan, Glc4 — glucose tetrasaccharide, LGE — late gadolinium
enhancement, Lyso-Gb3 — globotriaosylsphingosine, NT-proBNP — N-terminal pro-brain natriuretic peptide.

voltage in AL amyloidosis ranged from 27% to 84% measured on echocardiography may be even greater
depending on its criterion. Notably, the absence of than QRS voltage alone [16].

a low-voltage ECG pattern does not rule out ICM. In ICM, in addition to myocardial pseudohyper-
The discrepancy between QRS voltage and LV mass trophy, true hypertrophy also occurs (FD, Danon
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Figure 3. Proposed scheme-algorithm for ICM diagnosis.

Abbreviations: DCM — dilated cardiomyopathy, ICM — infiltrative cardiomyopathy, LV — left ventricle, MRl — magnetic resonance

imaging, RCM — restrictive cardiomyopathy.

disease, partially ATTR-amyloidosis). In the second
group, there is a sharp increase in the QRS ampli-
tude with impaired repolarization (usually at a young
age, even in childhood) [17].

For FD, short PR interval is often the first (and
sometimes the only) sign of heart damage due to
a decrease in P wave duration [18]. Wolff-Parkinson-
White syndrome in the presence of LV hypertrophy
is a screening criterion for Danon disease [10] and
Pompe disease [19] diagnosis, while it is rare in
hypertrophic cardiomyopathy (HCM).

Conduction disorders are common in patients with
coronary artery disease [16]. In patients with LV hyper-
trophy, a QTc prolongation >440 ms with a simultane-
ous Sokolow-Lyon index <1,5 mV has a sensitivity
of 85% and a specificity of 100% for the detection of
cardiac amyloidosis, and a QTc <440 ms in combina-
tion with a PQ interval minus P-wave duration in lead
IT <40 ms had 100% sensitivity and 99% specificity for
FD [17]. Patients with cardiac oxalosis usually develop
complete atrioventricular block and ventricular con-
duction disorders [20]. In cardiac sarcoidosis, conduc-
tion disturbances were detected in 75% of patients [21].

Other ECG features reported in patients with
ICM include abnormal P wave morphology and
duration, a pseudoinfarct pattern with QS com-
plexes in the anterior leads, and an unusual QRS

axis [6]. Atrial fibrillation is also quite common in
patients with ICM: in our retrospective study, 44%
of patients with amyloidosis had some form of atrial
fibrillation [14].

Holter ECG monitoring

Patients with ICM often have symptoms such
as dizziness, fainting, and palpitations, for which
Holter ECG monitoring (HM ECG) is indicated.
In addition, HM ECG can be a useful tool for the
differential diagnosis of LV hypertrophy etiology.
In a study by Yamada S, et al. severe disorders of
heart rate variability and turbulence have been
shown in cardiac AL-amyloidosis. The standard
deviation of all R-R intervals, the standard devia-
tion of the 5-minute mean R-R intervals, and the
turbulence slope were significantly lower in car-
diac amyloidosis compared with HCM (P<0,001,
respectively) [22].

According to Azevedo O, et al., myocardial hy-
pertrophy with the presence of bifascicular block
and areas of contrast enhancement in the delayed
phase on MRI in the basal segment of LV infero-
lateral wall are characteristic signs of FD, and their
absence makes it possible to exclude this diagnosis in
a patient with an accuracy of 95,8% [23].

Presence of ventricular ectopic beats of 100 or
more in HM ECG with a sensitivity of 67% and
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Table 3

Revised 2012 Mayo staging system of AL-amyloidosis

Thresholds for risk factors

Troponin:

Cardiac troponin T 20,025 ug/I

or

High-sensitivity cardiac troponin T 240 ng/I
BNP:

NT-proBNP >1800 ng/I

or

BNP 2400 ng/I

dFLC >18 mg/dl

Stage Death hazard ratio (95% ClI)*
| stage No risk factors ~ Reference

Il stage 1 risk factor 1,7 (1,2-2,3)

Il stage 2 risk factors 41 (31-5,5)

IV stage 3 risk factors 6,3 (4,8-8,3)

Note: * — hazard ratios presented reflect the use of cardiac troponin T and NT-proBNP.
Abbreviations: BNP — brain natriuretic peptide, NT-proBNP — N-terminal pro-brain natriuretic peptide, dFLC — difference between

involved and uninvolved free light chains.

a specificity of 80% identifies cardiac involvement in
patients with systemic sarcoidosis [24].

Laboratory data

Cardiac biomarkers

Troponin T and NT-proBNP are included in the
diagnostic criteria for heart damage in ICM [2, 25].
The normal range of their values almost excludes
cardiac involvement, while an elevated level may
indicate involvement of the heart, but is not specific
for ICM, and should be interpreted in accordance
with cardiac imaging data [25].

NT-proBNP and troponins are elevated in ICM
patients due to an infiltrative process in the myocar-
dium or direct toxic effects of abnormal substances
on cardiomyocytes. In one study among patients
with cardiac AL amyloidosis, NT-proBNP levels
were never below the 97,5 percentile for normal
individuals, indicating 100% sensitivity; moreover,
the NT-proBNP threshold of 1285 ng/L was 92%
accurate for detecting cardiac involvement [26].
NT-proBNP can serve as an early indicator of LV
diastolic dysfunction in patients with iron overload
and FD [15, 23]. Since an increase in NT-proBNP
predicts the development of HF in amyloidosis,
hemochromatosis, FD, and other ICM, routine
determination of NT-proBNP during the observa-
tion of patients at high risk of ICM is recommen-
ded [15].

An increase in plasma level of hs-TnT is observed
in most patients with ICM [27], including in patients
without overt cardiac involvement, and represents
a "red flag" for the disease. Moreover, hs-TnT is
associated with HF severity, LV systolic dysfunction,
and wall thickness in patients with ICM [27]. Hs-TnT
is a useful marker for assessing the activity of cardiac
sarcoidosis: sensitivity and specificity were 87,5%
and 75,0%, respectively [28]. Interestingly, troponin
is elevated in patients with ATTR cardiomyopathy,
usually to a lesser extent than in AL cardiomyopathy,

despite a greater increase in wall thickness and dete-
rioration in LV systolic function [29].

In addition to NT-proBNP and troponin, several
measures of myocardial injury and cardiac function
have been proposed as biomarkers, but they lack
sensitivity and specificity for detecting ICM, or there
is insufficient evidence for their diagnostic value.

To assess the severity of heart damage in
AL-amyloidosis, the already mentioned Mayo clas-
sification based on troponin T, NT-proBNP and
the difference between free kappa and lambda light
chains is of primary importance (Table 3) [6]. The
most recent proposed system for staging cardiac
ATTR amyloidosis uses NT-proBNP (>3000 pg/ml)
and glomerular filtration rate (<45 ml/min) [30].
Staging in both systems is defined such that stage 1
has none of the criteria, stage 2 has 1 of the 2 crite-
ria, and stage 3 has both criteria.

Amyloidosis

There are 36 types of amyloidosis, of which
special attention will be paid to those in which heart
involvement is frequently observed.

Unlike AL amyloidosis, no plasma or urine bio-
markers are currently available to diagnose ATTR
amyloidosis. There are newer serological assays for
the endogenous transthyretin-retinol-binding pro-
tein ligand, which may serve as a tested biomarker
in the future [31]. Separate studies have shown the
predictive value of transthyretin as a serum marker
for wild-type ATTR amyloidosis. A low serum trans-
thyretin level at the time of diagnosis is prognosti-
cally unfavorable [6].

If AL-amyloidosis is suspected, additional labo-
ratory tests are needed. First, electrophoresis is
performed with the determination of the M-gradient
and immunofixation electrophoresis of blood serum
and urine, followed by a quantitative determina-
tion of free kappa and lambda light chains in blood
serum, as well as the calculation of their ratio and
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difference. A kappa-lambda ratio <0,26 indicates
monoclonal lambda gammopathy, and a kappa-
lambda ratio >1,65 indicates monoclonal kappa
gammopathy [32]. In addition, 24-hour urine should
be quantified for albumin and protein excretion.
Proteinuria >500 mg per day indicates severe kidney
damage.

Fabry disease

Detection of insufficient activity of a-galacto-
sidase in blood plasma or leukocytes is the method
of choice for laboratory diagnosis of FD in men [8].
On the contrary, in girls and adult women, enzyme
activity may be within the normal range, so they
need genotyping (detection of a GLA gene mutation)
[8]. According to recent results, plasma globotriao-
sylsphingosine with a cut-off value of 2,7 ng/mL can
serve as a useful and reliable biomarker to improve
the diagnosis of FD in heterozygous women, as well
as for therapeutic evaluation and monitoring [8].

Hemochromatosis

If the transferrin saturation is >45% and/or
the serum ferritin level is >200 ug/l in women or
300 ug/l in men, then a genetic study is necessary
to determine the HFE genotype [2]. In homozy-
gotes (C288Y/C288Y), the diagnosis of hereditary
hemochromatosis was confirmed. In C288Y/H63D
heterozygotes, other C288Y heterozygotes, or non-
C288Y heterozygotes, careful exclusion of other
hepatic or hematologic diseases should be consi-
dered [2]. Serum ferritin and its iron saturation ratio
is also an easy way to monitor therapy.

Danon disease

Laboratory diagnostic tools include detection of
normal acid maltase activity, vacuolization in skeletal
and/or endomyocardial biopsy, LAMP-2 deficiency
in various tissues, including leukocytes, and detec-
tion of a LAMP-2 gene mutation. In Danon disease,
there is an increase in following cardiomyocyte
damage indicators: troponin, alanine aminotrans-
ferase, aspartate aminotransferase, creatine kinase,
lactate dehydrogenase [33]. LAMP-2 is commonly
included in genetic panels used to test unclassified
cardiomyopathies, and gene testing is currently the
most common and least invasive method used to
diagnose Danon disease.

Oxalosis

Oxaluria must be confirmed by two urine sam-
ples. Primary hyperoxaluria is characterized by uri-
nary oxalate excretion in most cases >0,7 mmol/1,73
m? per day, and in some cases may exceed 2,0
mmol/1,73 m? per day in contrast to normal urinary
excretion, which is usually <0,45 mmol/1,73 m? per
day [34].

As the glomerular filtration rate decreases, uri-
nary oxalate excretion decreases and its estimate
may be inaccurate. Plasma oxalate levels should be

measured. The final diagnosis of primary hyperoxa-
luria is established using genetic studies [34].

Mucopolysaccharidosis

Mucopolysaccharidoses include 13 different con-
ditions caused by a deficiency of specific enzymes
in the glycosaminoglycan degradation pathway.
Enzyme tests are usually performed on the blood.
Identification of variants in the specific genes that
encode each enzyme associated with mucopoly-
saccharidosis is useful for diagnosis confirmation,
carrier detection, prenatal diagnosis, and phenotype
prediction [9]. There is a growing trend to conduct
genotype-based studies at the start of the survey,
with the pathogenicity of identified genetic variants
to be confirmed by measurement of enzyme acti-
vity and/or identification and/or quantification of
glycosaminoglycan classes [9].

Echocardiography

The most common echocardiographic features
seen in ICM are biatrial enlargement, symmetri-
cal ventricular hypertrophy with small or normal
LV size, pericardial effusion. Although asymmetric
interventricular septal (IVS) hypertrophy, normal
wall thickness, and ventricular dilatation may also
occur. AL-amyloidosis is characterized by a rapid
increase in heart wall thickness over several months,
while the indexed stroke volume is usually greatly
reduced against the background of HF with pre-
served ejection fraction (EF) [13].

The endocardial "binary" sign, first discovered
and described by Pieroni, et al., in the form of
a hyperechoic endocardium and a hypoechoic sub-
endocardial space, can be a "red flag" of FD,
although its specificity and sensitivity are not high
[35]. Absolute papillary muscle area and the ratio
of papillary muscle size to LV circumference have
been proposed as an echocardiographic marker for
FD [23].

In sarcoidosis, cardiac dilatation, LV systolic
dysfunction, impaired local myocardial contractility
without coronary artery involvement, focal intracar-
diac inclusions caused by granulomas, and pericar-
dial effusion can be detected [36]. Wall aneurysm
may develop with retraction of an area of fibrosis,
especially in patients treated with corticosteroids.

The myocardium in ICM usually has a hetero-
geneous structure, may acquire a granular shiny
pattern in cardiac amyloidosis, or contain inclusions
of high echo intensity indicating granulomatous
inflammation in cardiac sarcoidosis, as well as an
inhomogeneous echo-dense signal, most noticeable
in papillary muscles, in primary hyperoxaluria [2, 3].
The deposition of non-conductive substances in the
myocardium explains the discrepancy between QRS
voltage and LV hypertrophy severity, as described
above.
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Doppler ultrasound usually reveals mild valvular
dysfunction, leaflet thickening, while more often
the mitral and aortic valves are affected with the
appearance of insufficiency and/or stenosis [13, 37].
Diastolic function is often significantly impaired.
At the initial stages, there is an impaired relaxation,
possibly progression to a restrictive pattern. With
cardiac oxalosis, there is a rapid deterioration in
diastolic function with an increase in filling pressure
and a restrictive pattern [20]. In cardiac amyloidosis,
the peak early diastolic velocity (e’) decreases in the
earliest stages of the disease and further decreases as
the disease progresses [6].

The technique for assessing myocardial strain
makes it possible to detect impaired ventricular
longitudinal contraction before a decrease in EF
and HF development. A LVEF strain coefficient
was proposed with a threshold value of 4,1, which
makes it possible to distinguish cardiac amyloidosis
from HCM or normal with an accuracy of 91% [38].
Usually there is a severe impairment of the basal
longitudinal strain with a relative preservation of
apical strain [39]. This apical preservation has both
high sensitivity and specificity for diagnosing cardiac
amyloidosis [6]. Studies by Serra W, et al. proved
that visualization of the strain rate makes it possible
to differentiate sarcomeric HCM from cardiomyopa-
thy in FD and cardiac amyloidosis [18]. Degirmenci
H, et al., using strain assessment, showed that the
detection of left atrial and ventricular myocardial
strain may indicate subclinical LV dysfunction and
subclinical electrophysiological cardiac changes in
patients with respiratory sarcoidosis [40].

Left atrial function is very often impaired in ICM
[40]. In cardiac amyloidosis, the prevalence of left
atrial thrombosis is very high, even among patients
with sinus rhythm [13].

Cardiac MRI

Cardiac MRI is the gold standard method for
quantifying the cardiac size and volume, myocar-
dial thickness, and determining ventricular EF. In
delayed contrast-enhanced cardiac MRI, myocardial
contrasting occurs both due to fibrosis, and due to
impaired kinetics of the contrast agent and its delay
in the intercellular space, where the accumulation of
pathological proteins or other substances occurs in
most ICMs. Amyloidosis is characterized by diffuse
subendocardial accumulation with damage to all LV
walls, which can be combined with early darkening
of the blood pool due to rapid washout of contrast
from the blood into the interstitial space, which is
enlarged due to amyloid deposition. A typical con-
trast pattern is a red flag for the diagnosis of amy-
loidosis, which appears before a significant increase
in myocardial mass develops [13]. Notably, atypical
patterns of contrast agent accumulation (focal, dif-

fuse transmural, or patchy) do not completely rule
out cardiac amyloidosis.

In hemochromatosis, MRI can quantify the iron
content in the heart, liver, and spleen by reducing
the signal in T2 and T2* modes [41]. In sarcoidosis,
it is possible to visualize sarcoid granulomas and
assess the activity of inflammation by edema on
T2-weighted images [42].

The absence of areas of delayed enhancement
in IVS in male patients with suspected HCM is an
indication for genetic screening for Danon disease
[43]. In female patients with HCM, Danon disease
should be suspected if inhomogeneous subendocar-
dial enhancement without coronary involvement
is detected [43]. The classical location of contrast
enhancement in FD is the inferolateral wall in the
basal segment, where fibrosis is detected in 50% of
patients at a late disease stage [23].

T1 mapping without contrast agent injection can
potentially distinguish HCM from ICM. Myocardial
T1 values gradually increase in various pathologi-
cal conditions from diffuse fibrosis, scar tissue to
abnormal substances [6]. An increase in T1 values
is observed before LV myocardial thickening or
an increase in blood biomarkers and is a red flag
for cardiac amyloidosis. For MRI machines with
a field strength of 1,5T, threshold values of native
T1-mapping were determined (T1 <1036 ms to
exclude cardiac amyloidosis with a negative predic-
tive value of 98%; T1 >1164ms to confirm cardiac
amyloidosis with a positive predictive value of 98%),
which allowed develop a diagnostic algorithm that
involves the administration of a contrast agent only
to patients with intermediate T1 values [44].

Areas with low T1 values represent sphingolipid
deposition in FD associated with an increase in
extracellular volume, but are not seen in cardiac
amyloidosis. Karur GR, et al. confirmed that the
IVS T1 value of 1220 ms can be used as a cutoff
point for differentiating FD from HCM with a sensi-
tivity of 97% and a specificity of 93% [45].

The T2-mapping technique can detect edema
(an important element of AL-cardiomyopathy),
inflammation, and can be used to detect active
cardiac sarcoidosis [42], identify an increased risk of
ventricular arrhythmias, and assess the adequacy of
therapy [46].

Scintigraphy and positron emission tomography

Myocardial scintigraphy with phosphate-labeled
complexes is the method of choice for diagnosing
cardiac ATTR amyloidosis, among which *™Tc-
pyrophosphate (PYP) is the most widely used in
Russia. Intense retention of phosphate-labeled com-
plexes is mostly pathognomonic for ATTR amyloi-
dosis, and the absence of uptake usually excludes
this diagnosis [47].
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To determine the severity of cardiac damage,
the Perugini scale was proposed: degree 0 — no
cardiac uptake; grade 1 — cardiac uptake which is
less intense than the bone signal; grade 2 — cardiac
uptake with intensity similar or greater than bone
signal; grade 3 — cardiac uptake with much attenu-
ated or absent bone signal [47]. This system was
included in the algorithm for non-biopsy diagnosis
of cardiac ATTP amyloidosis in suspected car-
diac amyloidosis based on a combination of clini-
cal signs, biohumoral and/or imaging data. When
the Perugini grade is 2 or 3 and no monoclonal
protein is found, the diagnosis of cardiac ATTR
amyloidosis is confirmed. When a monoclonal pro-
tein or Perugini grade 1 is detected, histological
confirmation and amyloid typing are suggested.
Finally, when the Perugini degree is 0, ATTR-
cardiomyopathy is unlikely [47]. There is a quanti-
tative scale for differentiating cardiac AL and ATTR
amyloidosis, based on the calculation of the ratio of
cardiac uptake to that in the contralateral side. The
value of this indicator >1,5 showed a sensitivity of
97% and a specificity of 100% for the detection of
cardiac ATTR amyloidosis [48].

For other ICMs, more advanced nuclear imaging
techniques, including combined positron emission
tomography and MRI, can examine the role of
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