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CapxoneHml: COoBpeéMeHHbie nNnoaXoAbl Cpates
K pelleHUul0 AUarHoCTuyeCcKux 3apa
A.K. CMopukoBa, A.B. MNetpsinkuH, [.C. CeMéeHos, [I.E. Lllaposa

Hay4Ho-npaKTUYeCcKMiA KIMHUYECKMIA LIEHTP AMArHOCTUKM U TeNleMeAULMHCKUX TexHonoruii, MockBa, Poccuiickas Qepepauus

AHHOTALUNA

CapKoneHusi ABNSIETCA OTHOCUTENILHO HOBLIM AMArHO30M AN MeAMLMHCKOW CTaTUCTUKM M CUCTEMbI 34PaBO0XPaHeHus,
1 TEM He MeHee MPeaCTaBNifeT couManbHoe M IKOHOMMYECKOe Dpemst NS CUCTEMbI 3PaBOOXPaHEHUs U3-3a DOMbLLIOMO Ko-
NMYeCTBa BO3MOMHBIX HEBMaronpuATHbIX UCXOA0B, TaKUX KaK MOBbILEHWE PUCKA NafeHun, QU3KMYecKas WHBaNMAaM3auums,
yBeNnyeHWe BpeMeHM npebbiBaHWA B CTaLMOHape U YBESMYEHUE CMEPTHOCTM.

HecMoTpsa Ha To, 4YTO y3KOCMELManU3MpoBaHHOr0 MeAMKAMEHTO3HOMO JIEYEHNS AN CapKOMEHUM He CyLLecTBYeT, Mpo-
(GunaKT1Ka 1 CBOEBPEMEHHOE HeMeAMKaMeHTO3HOe NieYeHUe NOMOTYT CHU3UTb PUCK NOTeHUMabHbLIX HebAaronpuATHLIX Mo-
CNeCcTBUMN.

[N ycTaHOBKU AMarHosa capKoneHuu HeobxoaMMo NOATBEPIKAEHWE CHUMEHUS HE TOSIbKO MbILLEYHOM CUAbl, HO U Mbl-
LLEYHOI Macchl. MHCTpyMeHTanbHas AMarHoCTMKa BKIIlOUaeT B cebsl Takme MeTofbl, KaK [ABYX3HepreTyecKas peHTreHoBCKan
abcopbuuomeTpus u bruoumnesaHcoMeTpus. [lonoIHEHMEM K 3TUM MeTOZ,aM MOTYT ObITb anroOpUTMbl UCKYCCTBEHHOO WUHTEN-
NeKTa 411 aBTOMaTUHECKON CErMEHTaLMM MbILLEYHOM 1 XMPOBOI TKaHW Ha KOMMbIOTEPHO-TOMOTPaUIECKMX M MarHUTHO-pe-
30HAHCHBIX M300paXeHMAX C NOCNeAYILMM PacYETOM CKeNeTHO-MBILLEYHOro MHAEKea Ha ypoBHe L3 no3BoHKa. Takoe npo-
rpamMMHoe obecneyeHune Npu ero UCMob30BaHUM B CTPYKTYpaX, NoaobHbIx EaMHOMY paanonoryeckoMy MHQOPMaLMOHHOMY
cepaucy EanHOM MeaMUMHCKO MH(DOPMALIMOHHO-aHaNIUTUYECKON cUCTEMbI . MOCKBbI, OTKPbIBAeT BO3MOXKHOCTW ANs onnop-
TYHUCTUYECKOTO CKPUHUHTA. TeM He MeHee 00LLEeNnpPU3HAHHBIX KONMYECTBEHHBIX 3HAYEHWN L3 CKeNeTHO-MbILLEYHOr0 UHAEKCA
ONS KOMMbIOTEPHO-TOMOTPaUUYeCKOi U MarHUTHO-PE30HAHCHON AMArHOCTUKM CapKOMEHUU MOKa He CyLLeCTBYeT, HeCMOTpS
Ha NpM3HaHWe LaHHBLIX METOAMK 30J10TbIM CTaHAApTOM EBponencKol paboyei rpynmoi no CapKomneHun y MOMXKMAbIX JII0LEN.
B mononHeHue K aToMy cyuiecTyeT npobneMa yHUPUKaLMM TePMUHA «CKENETHO-MbILLEYHBIA UHAEKC».

Mpu peLLeHnn yKa3aHHbIX MPo6IeM C MOMOLLBIO Aa/bHEALUMX NOMYNALUMOHHBIX UCCeA0BaHWUA CTaHET BO3MOXHBIM MOJTy-
YeHWe HOBOW METOAMKM MHCTPYMEHTAsIbHOM AMArHOCTUKU CapKOMEHMM C MOCNeAyOWMM eé NPUMEHEHUEM AJIi CKPUHMHTA
[AHHOT0 NaToNOrMYECKOro COCTOSHUS.

KnioueBble cnosa: CapKoneHus; CTap4yeCKana aCTeHus; MCKYCCTBEHHbIﬁ UHTEJIIEKT, OI'II'IOpTYHVICTVI‘-IECKMVI CKPUHWUHT.
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Sarcopenia: modern approaches
to solving diagnosis problems

Anastasia K. Smorchkova, Alexey V. Petraikin, Dmitry S. Semenov, Daria E. Sharova

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

Although sarcopenia is a relatively new diagnosis for medical statistics and the healthcare system, it represents a social
and economic burden on the healthcare due to the large number of possible adverse outcomes such as increased risk of
falls, physical disability, longer hospital stays, and increased mortality. No specialized medical treatment is available for
sarcopenia; however, prevention and timely nonpharmacological treatment can reduce the risk of potential adverse effects.
To establish the diagnosis of sarcopenia, it is necessary to confirm the decrease in not only muscle strength but also muscle
mass. Instrumental diagnostics includes methods such as dual-energy X-ray absorptiometry and bioimpedance analysis. These
methods can be supplemented by artificial intelligence algorithms for the automatic segmentation of muscle and fat tissue on
computed tomography and magnetic resonance images, followed by calculation of the skeletal muscle index at the level of the
L3 vertebra (L3SMI). Such software, when used in systems such as the Unified Radiological Information Service of the Unified
Medical Information and Analytical System of Moscow, opens up opportunities for opportunistic screening. However, despite
the recognition of CT and MRI as the “gold standard” by the European Working Group on Sarcopenia in Older People, there are no
generally accepted L3SMI cut-off values for CT and MR diagnostics of sarcopenia. Furthermore, there is the problem of unifying
the term “skeletal muscle index.” If these problems could be solved through further population studies, it will be possible to
obtain a new method for the instrumental diagnosis of sarcopenia with its subsequent use for opportunistic screening.

Keywords: sarcopenia; frailty; artificial intelligence; mass screening.
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BACKGROUND

Increasingly more attention is currently paid to systemic
diseases and conditions associated with a general change in
the composition of the human body, including those due to
the population aging. One of these nosologies is sarcopenia
(sarcopenia, from the Greek sarx—muscles, flesh and
penia—lack). This disease is included in the syndrome of
senile asthenia or frailty syndrome.

The ICD-10 code for sarcopenia defined in 2016 is
retained in ICD-11; the first working definition of sarcopenia
was published in 2010. Therefore, this is a relatively new
diagnosis for medical statistics and the health care system.

Sarcopenia is a progressive generalized skeletal muscle
disease associated with an increased risk of adverse
outcomes, including falls, fractures, physical disability, and
mortality [1]. In geriatrics, the term “sarcopenia” implies
primary sarcopenia, which is a condition characterized by a
progressive generalized loss of strength, mass, and function
of skeletal muscles due to aging without other causes [2].

Sarcopenia entails many negative consequences and
outcomes in addition to adverse effects on the body, such as
an increased risk of falls and, consequently, fractures [3] and
physical disability [4]. Additionally, sarcopenia is associated
with longer hospital stay and more severe outcomes in many
diseases [5].

Timely diagnostics of sarcopenia and prevention of its
consequences are relevant given the potential burden on the
economy and health care system.

Our review aimed to assess the real significance of
sarcopenia on the scale of a large metropolis (Moscow), as
well as to determine methods for optimizing of diagnostics
of this condition.

SARCOPENIA: METHODS
OF OPTIMIZATION OF DIAGNOSTICS

OF A PATHOLOGICAL CONDITION
Epidemiology

Older patients are most susceptible for primary
sarcopenia since it is associated with aging. The literature
provides data on the onset of loss of muscle tissue function
as early as 50 years of age [6]. However, in a clinical context,
it is customary to consider age groups of 60 years and older.

According to a number of reviews [7, 8], the prevalence of
sarcopenia in the general population is 10% (inhabitants older
than 60 years). In addition to gender and attitude to a particular
social group [individually living (community-dwelling) older
people; population of nursing homes and specialized clinics],
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differences in prevalence depend on the method of diagnostics
of this condition, namely, tests, bicimpedancemetry, dual-
energy X-ray absorptiometry (DXA), computed tomography
(CT), and magnetic resonance imaging (MRI).

At the time of writing this article, no epidemiological
studies with a large sample had been conducted in Russia.
A study [9] was performed with a sample of 230 outpatients
over the age of 65, where the prevalence of sarcopenia was
estimated at 30% according to the criteria of the European
Working Group on Sarcopenia in Older People (EWGSOP) and
the International Working Group on Sarcopenia (IWGS), which
is inconsistent with the above reviews. The discrepancies may
be possibly due to the small sample size and its imbalance
(95.6% of women). Therefore, the data needs to be clarified.

Impact of sarcopenia on the quality of life
and health care system

Sarcopenia significantly reduces the quality of life, leading
to a forced restriction of physical activity [10], which further
aggravates the patient’s situation. Both a healthy population
and those with acute, chronic, and oncological diseases
have a negative impact [11, 12]. Patients’ quality of life is
assessed using the Short Form-36 (SF-36)' and EuroQoL
(EQ-5D)?, general-purpose questionnaires, as well as using
the effective specialized questionnaire SarQoL (Sarcopenia
and Quality of Life) [13—16] available in Russian language
[17]. When assessing the quality of life according to these
guestionnaires, a hundred-point system is used. The SF-36
presents a scale of values from 0 to 100, where 0 is the
worst and 100 is the best quality of life. In EQ-5D, the result
is also represented by a 100-point scale, but 0 implies the
worst, and 100 is the best health state.

Sarcopenia not only reduces quality of life, but it also
causes significant economic expenditures to the health care
system. Studies on the financial costs for patients with
and without sarcopenia have been conducted (median total
hospitalization expenditures, average health care expenditures
per person for 3 months, and costs for postoperative care
for 90 days). For patients with sarcopenia, the average
increase in total hospitalization expenditures can reach up to
$14,322 per person [18]. It should be borne in mind that the
available studies mainly consider the costs associated with
hospitalization for surgical interventions (e.g., oncosurgery),
use different diagnostic methods, and lack unified threshold
values for confirming the diagnosis of sarcopenia [19].
Further studies using a more homogeneous sample and
supplementing with other clinical scenarios (especially the
analysis of outpatient expenditures) are required for more
accurate estimation of the total expenditures of the health
care system for patients with sarcopenia.

! 36-Item Short Form Survey Instrument (SF-36) [Electronic resource]. Access mode: https://www.rand.org/health-care/surveys_tools/mos/36-item-

short-form/survey-instrument.html. Reference date: 06/06/2022.

2 EuroQol Research Foundation. EQ-5D-5L User Guide, 2019 [Electronic resource]. Access mode: https://eurogol.org/publications/user-guides/. Ref-

erence date: 06/06/2022.
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Treatment of sarcopenia

There is currently no unified and highly specific approach
to the treatment of sarcopenia. Nevertheless, understanding
the process pathophysiology enables to select possible
options for therapy. For sarcopenia, there are both non-drug
and drug treatments. The most effective non-drug methods
are physical exercises, particularly strength exercises [20].
They currently represent the most cost-effective way not
only for long-term prevention of sarcopenia, but also for
maintaining and improving overall physical health [21].
Nutritional supplements, such as proteins (including whey),
antioxidant agents, and long-chain polyunsaturated fatty
acids, are used to improve and maintain muscle gain and
strength [22]. For non-pharmacological therapy of sarcopenia,
exercise is recommended because it has higher evidentiality
than dietary changes [23]. Drugs, such as vitamin D [24],
selective androgen receptor modulators, myostatin, and
activin antagonists [25], are considered as drug therapy, but
at the moment, their efficiency requires further confirmation
due to more clinical studies.

Diagnostics of sarcopenia

Currently, the diagnosis of sarcopenia in clinical practice
is often based on common anamnestic data, such as
complaints about the symptoms and signs characteristic
of the disease (falls, a feeling of weakness, slow walking
speed, difficulty standing up from a sitting position) [26].
The EWGSOP recommends using the SARC-F (strength,
assistance with walking, rising from a chair, climbing stairs,
and falls) questionnaire [27] to objectify the diagnostics, and
as screening, which considers both strength and assistance
when walking, rising from a chair and stairs, and falling.
However, due to the average sensitivity (25; 31.6; 50%) and
high specificity (81.4; 82.4; 81.8%) of the test, according to
the diagnosis criteria of EWGSOP, the Foundation for the
National Institutes of Health, and the IWGS [30], respectively,
the questionnaire in most cases tends to identify only severe
cases of sarcopenia.

In Russia, sarcopenia is diagnosed not as a separate
nosology but as a component of the senile asthenia
syndrome; for primary screening, the “Age is not a problem”
scale is used, and for further clarification of the diagnosis, a
comprehensive geriatric assessment is used [2].

Instrumental diagnostic methods should be used for
accurate diagnostics of sarcopenia. Measurement of two
parameters is required, namely, muscle strength (including
physical performance) and muscle mass [1]. Low muscle
strength implies the possibility of sarcopenia; methods
for assessing muscle mass are required to confirm the
diagnosis [1].

The simplest and most accessible method to measure
muscle strength is to assess grip strength using a hand
dynamometer, followed by comparison of the data obtained
with reference values in the population [1]. Although grip
strength correlates well with overall muscle strength,
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different muscle groups should be considered for the most
reliable results [29]. Standardized data for determining low
muscle strength in carpal dynamometry are determined by
gender and body mass index (BMI); for example, in men with
a BMI of 24.1 to 28, the threshold value is the grip strength
lower than 30 kg, and in women with a BMI of 23.1 up to
26, it is lower than 17.3 kg [2]. To assess performance, the
chair rising test [2] is used, as well as the “Stand up and
walk” tests, and the walking speed test included in the Short
Physical Performance Battery (SPPB) can be used. When
measuring walking speed, the patient is asked to walk 4 m
at his usual speed, while the time of passing the distance is
registered, and the speed is calculated (m/s) [30]. ENGSOP2
(2019) recommended a walking speed of 0.8 m/s or lower
as the threshold for defining severe sarcopenia. In the “Stand
up and walk” test, patients are asked to stand up from a
chair, walk 3 m to the marker, turn around, walk back
to the chair, and sit on it [31]. According to the EVGSOP2
recommendations, the threshold value of this test for the
diagnosis of sarcopenia is 20 s or higher. The SPPB test is
comprehensive and includes a walking speed assessment,
a halance assessment, and a chair rising test. In this test,
the maximum possible score is 12 points, with a score of
8 points or less indicating poor physical function [32].

To assess the human body composition and assess muscle
mass, DXA, and bioimpedancemetry, bioelectrical impedance
analysis are used. According to the EWGSOP, CT and MRI
are the gold standard for assessing the mass and quality of
muscle tissue [1]. ENGSOP recommends visualization at the
level of the vertebra L3 using CT, measurement of muscle
tissue in the middle third of the thigh, and assessment
of muscle tissue using ultrasound [33]. Creatine dilution
tests, a number of neuromuscular biomarkers, assessment
of nonspecific inflammatory reactions, and hormonal
and anabolic factors are used as methods for laboratory
assessment of sarcopenia [1].

Methods of radiation diagnostics of sarcopenia

Radiation diagnostics of sarcopenia is based on an
assessment of a decrease in the volume of muscle tissue and
deterioration in its “quality.” DXA is the most commonly used
method for these purposes, due to its low radiation exposure
and ability to obtain reproducible results. However, it has
some drawbacks and limitations, namely, the study involves
the measurement of lean body mass and not isolated muscle
mass, which could lead to inaccurate results in patients with
increased fluid intake and/or with a large amount of fibrous
tissue. It is also impossible to assess the quality of muscle
tissue due to the projection type of images [32]. The method
limitation is the need for studies in dynamics on a single
densitometer with regular calibration [34], and studies cannot
be performed opportunistically.

According to the EWGSOP, CT and MRI represent the
gold standard for noninvasive assessment of the amount
of muscle tissue, although these methods are not widely
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used due to some reasons, such as high cost of research/
equipment, lack of clear diagnostic thresholds, and the need
for segmentation to identify muscles and other anatomical
structures [1, 32]. In contrast to DXA, CT and MRI often do
not allow scanning of the entire body due to dose load (CT)
or time constraints (MRI), and the study is limited to one
anatomical region.

The measurement of axial slices at the level of the
vertebra L3 is currently one of the most reliable and effective
methods of CT assessment of muscle mass [35]. For a given
anatomical location, the ratio of muscle mass to adipose
tissue correlates well with the ratio for the whole body [36].
This anatomical landmark can be used to assess sarcopenia
in patients regardless of BMI, while the parenchymal organs
of the abdominal cavity, bone structures are the least
represented on this section and make segmentation of
muscle and adipose tissues less difficult [37, 38].

Diagnostics of sarcopenic obesity

Sarcopenic obesity is one of the most serious
comorbidities in sarcopenia. The loss of muscle mass in
sarcopenia is often (but not always) accompanied by an
increase in adipose tissue. This process affects directly
the quality of muscle tissue and, consequently, physical
performance [39].

Young

BMI 18.5

BMI 22.3
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Similar to obesity, sarcopenia is characterized by subacute
chronic proinflammation that impairs the function of muscle
and adipose tissue [40]. Additional links of pathogenesis
have also been identified, which determine the relationship
between muscle and fat metabolism in sarcopenic obesity
[41]. Thus, this comorbid condition in a patient increases the
risks of adverse consequences [42].

The diagnostic capabilities of medical imaging used
in sarcopenia are well suited for sarcopenic obesity; for
example, DXA has been successfully used to determine
body composition and tissue mass ratio (Fig. 1), while CT
and MRI can visualize the area and distribution pattern of
excess adipose tissues in the visceral organs and as part of
the subcutaneous fat.

Quantitative criteria for diagnostics
of sarcopenia

Total skeletal muscle mass and appendicular
skeletal muscle mass (AMM) are the two parameters
most commonly used to diagnose muscle loss. AMM is
determined using DXA (the entire body of the patient is
scanned, the upper and lower limbs, which are anatomical
regions that do not contain parenchymal organs, are
evaluated; Figure 1), while skeletal muscle mass is
determined by bioimpedancemetry.

BMI 28.5 BMI 49.1

Fig. 1. An example of diagnostic images obtained using DXA (according to D.J. Tomlinson et al. [43]) at various body mass index (BMI)
values in young (a-d) and elderly (e-h) women. Bone tissue is highlighted in blue, lean muscle tissue is highlighted in red, and adipose

tissue is highlighted in yellow.
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Table 1. ENGSOP2 consensus threshold quantitative indices for establishing the diagnosis of sarcopenia

Study method | Threshold for men | Threshold for women
EWGSOP?2 quantitative criteria for low muscle strength
Grip strength <27 kg <16 kg
Chair rising test >15 s for 5 risings
EWGSOPZ quantitative criteria for low muscle strength
Appendicular muscle mass (AMM) <20 kg <15 kg
AMM/height?, kg/m? <7,0 kg/m? <5,5 kg/m?

Table 2. AWGS consensus threshold quantitative indices for establishing the diagnosis of sarcopenia

Study method | Threshold for men | Threshold for women
AWGS quantitative criteria for low muscle strength
Grip strength <28 kg <18 kg
Chair rising test 212 s for 5 risings
AWGS quantitative criteria for low muscle mass
AMM/height?, kg/m? <7,0 kg/m? <5,4 kg/m?

As a derived parameter, the skeletal muscle index
(SMI) is determined. There is an issue for terminology
unification, since in works by various authors, different
calculation equations are used for the same concept of
“musculoskeletal index” [44]. For determining it, the ratio
of AMM to height (AMM/m?), the ratio of AMM to weight
(AMM/kg), and the ratio of AMM to BMI (AMM/BMI) are used,
depending on the adjustment for individual parameters.
Each method has its advantages and disadvantages. Thus,
SMI that has been adjusted for patient height (AMM/m?)
has a less reliable correlation with asthenia in women and
does not take into account the distribution of adipose tissue
[45]. There is evidence that the detection rate of severe
sarcopenia when using BMI-adjusted SMI is twice as high
as that of height-adjusted SMI [44]. The ratio of AMM to
height (AMM/m?) is the only SMI option with generally
accepted threshold values for establishing a diagnosis of
sarcopenia. They are enshrined in the consensus of the

Subcutaneous fat area
112,4 cM?

Skeletal muscle area
139,2 cM?

European (EWGSOP) and Asian (Asian Working Group on
Sarcopenia) working groups on sarcopenia. These data,
as well as quantitative criteria for establishing a diagnosis
based on muscle strength, are presented in Tables 1
and 2. For other SMI options using other parameters for
adjustment (BMI, weight), there are no generally accepted
threshold values.

A variant of SMI for cross-sectional instrumental
diagnostics using CT and MRI is the calculation of L3 SMI

% , Where L3 of SMI
is the skeletal muscle index at the level of the L3 vertebra
(cm?/m); S is the area of all muscle groups in the section
(cm?); and h is human height (m).

Fig. 2 presents a variant of measuring the area of muscle
tissue, subcutaneous adipose, and visceral adipose tissue in
the section slice at the L3 level, using an artificial intelligence
algorithm.

according to the equation L3SMI =

Viscerial fat area
146,7 cM?

Fig. 2. An example of measuring the area (cm?) of muscle tissue, subcutaneous adipose, and visceral adipose tissue in the slice at
the L3 level, using the L3SEG-net Al algorithm from the work by J. Ha et al. [46]. From left to right, subcutaneous adipose tissue
is highlighted in red, skeletal muscle mass is highlighted in purple, and visceral adipose tissue is highlighted in green.
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Despite the prospect of using and recognizing as the
gold standard the assessment of sarcopenia according to CT
data [1], there are still no unified threshold values for this
indicator [44].

Various criteria are used to define sarcopenia by SMI
defined for L3. Threshold values for sarcopenia are less than
55 cm?/m? for men and less than 39 cm?/m? for women [47],
less than 53 cm?/m? for BMI more than 25 and less than
43 cm?/m? for BMI less than 25 for men, and less than
41 cm?/m? regardless of BMI for women [48]. The lack of
unification emphasizes again the need for further population
studies to determine the correct L3 SMI values.

New approaches in radiation diagnostics
of sarcopenia

The problem of using CT for a reliable assessment of
the degree of muscle mass reduction is the need for manual
segmentation of muscle tissue on a series of CT images,
which is difficult with a large patient stream. However, the
existing semi-automatic morphometric computer software for
segmentation based on radiological density of muscle tissue
(often in range from -29 to +150 Hounsfield units for muscle
and from —30 to —190 Hounsfield units for fat) using masks
has not yet been widely adopted. Examples of such software
include Slice-0-Matic [49], AsanJ-Morphometry [50], and 3D
Slicer [51].

It became possible to create software that more accurately
segments various structures on CT and MRI images and
has the ability to self-learn with the widespread advent of
artificial intelligence technologies in medical imaging, in
particular, machine learning, neural networks, and deep
learning (deep learning). Despite the difficulties associated
with the development and use of the technique, the literature
presents relevant scientific papers covering the development
and validation of machine learning segmentation algorithms,
in particular, segmentation of skeletal muscles in CT studies
of the abdominal organs in cancer patients [52-55]. U-Net,
which was initially created for visualization in cell biology
but is now successfully used in radiation diagnostics, is
the most popular architecture used for model training [56].
The second most frequently used architecture is the fully
connected neural network (FCNN) [57], which is applied
for more general purposes and was originally created for
semantic segmentation. The main parameter by which the
performance of neural network segmenters is evaluated
is the Dice coefficient, which indicates the percentage of
correspondence of one data array to another, and in a given
case, compliance of the predicted markup with the standard
specified by the neural network developers. The literature
now offers examples of algorithms that Dice coefficient
exceeds 0.97 [58].

More and more often, researchers create complex models
based on several architectures for several different subtasks,
as seen, for example, in the work of J. Ha et al. [46], where
the finished software uses two architectures, YOLOv3 and
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FCNN, where the former performs the task of searching for
a specific object (in this case, the vertebra L3), and the latter
performs direct segmentation. By utilizing deep learning, it
is also possible to create maps that display the quality of
skeletal muscle tissue based on the amount of intramuscular
fat. This is presented in the work by D.W. Kim et al. [59],
where the authors, based on a previously created algorithm
with the FCNN architecture, created a web application that
can be used to create labeled maps from CT slices at the
vertebra L3 level, visually displaying the ratio of muscle
tissue and intramuscular fat (Fig. 3). Currently, the main
practical disadvantage of the work is the lack of appropriate
boundary values or a special index that would enable to
evaluate the quality of muscle tissue objectively rather than
not subjectively. Nevertheless, given the importance of not
only assessment of the strength and quantity, but also the
quality of muscle tissue for a full-fledged diagnostics and
prognosis of the course of sarcopenia, this direction is quite
promising for future research.

It is noteworthy that the availability of specialized
software based on deep learning technologies enables not
only to solve the clinical and practical task of clarifying the
diagnosis of sarcopenia, but also provides the possibilities
for opportunistic screening of this condition.

Possibilities of opportunistic screening

As was mentioned earlier, the specificity of calculation
of the L3 SMI indicator and obtaining it through instrumental
diagnostics using X-ray methods enables to perform
opportunistic CT screening using automatic segmentation
software. This anatomical landmark is interesting because
of its frequent occurrence in CT examinations, which is
partly due to the standards of providing medical care,
such as in oncological diseases when CT is required to
search for distant metastases. As one of the evidence, L3
SMI calculation is often available in cancer patients and is
used to assess cancer cachexia and its association with the
disease outcomes [47, 48, 60]. The publication of P.M. Graffy
et al. can be cited as an example of successful operation
of the muscle tissue segmentation algorithm on a large
retrospective screening sample [61]. The authors used a
sample of 8,037 asymptomatic patients who underwent
abdominal CT without contrast enhancement from April
2004 and December 2016. Given the fact that healthy
patients constituted the majority of the sample, in addition
to validating the algorithm, the authors also managed to
obtain average values for a healthy population. According to
the authors, the study limitations are the use of CT images
of patients from only one medical institution, as well as the
unsatisfactory performance of the algorithm on CT images
with artifacts from hardware, motion artifacts, as well as
on CT images obtained using low-dose scanning protocols.
The last limitation is typical for any segmenter algorithms.
Nevertheless, despite the disadvantages, it is difficult to
overestimate one of the main advantages of opportunistic
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Fig. 3. Muscle tissue quality maps obtained using an automated web-based tool (according to D.W. Kim et al. [59]). IMAT, area
of inter/intramuscular adipose tissue; LAMA, low-density muscle tissue area; NAMA, normal density muscle tissue area; SMA,
skeletal muscle tissue area; TAMA, total abdominal muscle tissue area.

screening, which is the absence of the need to perform
additional X-ray studies and, consequently, the reduction
in the hypothetical dose of X-ray radiation received by the
patient.

An example of the successful implementation of the
opportunistic screening system in the Unified Radiological
Information Service of the Unified Medical Information and
Analytical System of Moscow (URIS UMIAS) is the project of
opportunistic screening of osteoporosis [62] and a number
of other diseases and conditions (aortic aneurysms, signs of
pulmonary hypertension with determination of the pulmonary
trunk diameter, lung cancer, signs of stroke, etc.) as part of an
experiment on the use of innovative technologies in the field of
computer vision for the analysis of medical images and further
application in the health care system of Moscow® [63].

By analogy with the already implemented solution,
as well as considering the experience of colleagues

from other countries, we propose a possible option for
organizing opportunistic screening of sarcopenia (including
retrospective) with subsequent implementation in URIS
UMIAS. The U-Net++ architecture can be used as a prototype
for developing a tool for automatic segmentation of muscle
and adipose tissue on CT images at the level of the vertebra
L3 [64]. The advantage of this approach is the high values
of the Dice coefficient for the neural network even with a
very small size of the training sample (subcutaneous fat,
0.9706; muscles, 0.9312; intramuscular fat, 0.6465; visceral
fat, 0.9609; training sample, 15 patients). The prospect of
this direction includes the possibility of a rapid opportunistic
assessment of the amount of muscle tissue, clarification
of the boundary values for diagnosing sarcopenia, which
will allow timely detection of the pathological condition,
prediction and reduction of adverse outcomes in various
invasive interventions, prevention of a progressive decline in

% Center for Diagnostics and Telemedicine [Internet]. Catalog of Al services. Al services in radiation diagnostics. Access mode: https://mosmed.ai/

service_catalog/. Date of access: 08/26/2022.
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the quality of life of this category of patients, and reduction
the cost of health care system resources.

CONCLUSION

Sarcopenia is a disease that represents a social and
economic burden on the health care system. Although
sarcopenia does not have a highly specialized medical
treatment, prevention and timely non-drug treatment through
strength exercise can help reduce the risk of potential adverse
effects. Timely diagnostics of a decrease in both muscle
strength and muscle mass is required. A good addition to the
already used methods of instrumental diagnostics (DXA and
bioimpedancemetry) can be artificial intelligence algorithms
for automatic segmentation of muscle and adipose tissue on
CT and MR images with subsequent calculation of L3 SMI.
Such software, when used in systems such as URIS UMIAS,
provides possibility for opportunistic screening.

There are no generally accepted quantitative L3 SMI
values for CT and MR diagnostics of sarcopenia, despite the
recognition of EWGSOP as the gold standard for CT and MRI
techniques. In addition, there is a problem of unifying the
term “skeletal muscle index.” When solving these problems
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