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EPICARDIAL FAT T1SSUE VOLUMETRY:
COMPARISON OF SEMI-AUTOMATIC MEASUREMENT
AND THE MACHINE LEARNING ALGORITHM

To compare assessments of epicardial adipose tissue (EAT) volumes obtained with a semi-automatic,
physician-performed analysis and an automatic analysis using a machine-learning algorithm by data of

This analytical, retrospective, transversal study randomly included 100 patients from a database of a
united radiological informational service (URIS). The patients underwent LDCT as a part of the project
«Low-dose chest computed tomography as a screening method for detection of lung cancer and other
diseases of chest organs>» (n=50) and chest CT according to a standard protocol (n=50) in outpatient
clinics of Moscow. Each image was read by two radiologists on a Syngo. via VB20 workstation. In addition,
each image was evaluated with a developed machine-learning algorithm, which provides a completely

Comparison of EAT volumes obtained with chest LDCT and CT showed highly consistent results both
for the expert-performed semi-automatic analyses (correlation coefficient >98%) and between the
expert layout and the machine-learning algorithm (correlation coefficient >95%). Time of performing
segmentation and volumetry on one image with the machine-learning algorithm was not longer than
40 sec, which was 30 times faster than the quantitative analysis performed by an expert and potentially

The proposed method of automatic volumetry will expedite the analysis of EAT for predicting the risk of
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low-dose (LDCT) and standard computed tomography (CT) of chest organs.
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facilitated quantification of the EAT volume in the clinical conditions.
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picardial adipose tissue (EAT) is located between
Ethe myocardium and the visceral pericardium and is
hormonally active [1]. In addition to preadipocytes and
adipocytes, EAT contains stromovascular cells, immune
cells, and macrophages [2] which can secrete pro-inflam-
matory cytokines, such as tumor necrosis factor alpha
(TNFa), interleukin (IL) 1 beta, IL-6, and monocyte
chemotactic protein-1 (MCP-1) which can cause an
inflammatory reaction, endothelial and smooth muscle cell
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proliferation, atherogenesis, and destabilization of athero-
sclerotic plaque [3, 4]. Several trials, including a large
multinational, randomized trial on atherosclerosis MESA
(Multi-Ethnic Study of Atherosclerosis), have shown that
EAT is an independent predictor of coronary artery disease
(CAD) [5-9].

The possibility of evaluating this predictor in preclinical
CAD is of the greatest interest. EAT can be evaluated using
echocardiogram, computed tomography (CT), and magnetic
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resonance imaging (MRI). The echocardiogram method
is not the best method for quantifying EAT due to its low
reproducibility, especially within a poor acoustic window
and uneven distribution of fat around the heart [10]. Cardiac
MRI is a very expensive and time-consuming examination,
thus rendering it impossible to use it as a screening met-
hod [11].

CT (manual, semi-automatic, and automatic techniques)
can measure EAT volume to high precision [12-15]. Manual
and semi-automatic techniques are time-consuming, which
prevents their routine use.

A pilot project has been ongoing in Moscow since 2017.
In this project low-dose computed tomography (LDCT)
of the chest is used for the screening of lung cancer. Unique
screening protocols have been developed to perform
qualitative CT of the chest, in order to detect lung lesions
using a radiation dose of less than 1 mSv [16]. The LDCT
evaluation of EAT volumes used in the screening project can
identify asymptomatic patients [17].

Objective

To compare the EAT volume evaluation results obtained
by a semi-automatic machine-learning algorithm of the
analysis performed by physicians and automatic algorithm
based on the LDCT and standard chest CT findings.

Material and Methods

The study was conducted following the Declaration of
Helsinki. The independent ethics committee approved the
protocol of this retrospective study. It was decided that there
was no need for informed consent of the subjects (or their
guardians).

Between January 2019 and May 2019, this analytical
retrospective cross-sectional study randomly included 100
patients from the unified radiological information service
(ERIS) database. Of these patients, 47 were male, and 53 were
female (mean age 60.7 + 9.4 years). They underwent chest
LDCT within project Low-Dose Computed Tomography
of Chest as a Screening Method for the Diagnosis of Lung
Cancer and other Chest Organ Diseases (n=50) and chest CT
according to the standard protocol (n=50) in the outpatient
clinics of Moscow.

This study included patients who met all of the following
criteria: age from S0 to 75; smoked more than 20 pack-years;
no neoplasm symptoms and corresponding complaints
(except for smoking-related symptoms: cough, sputum,
shortness of breath). Patients were excluded from the study,
if they met any of the following criteria: supervision of an
oncologist for lung tumor; less than 1 year since the previous
chest CT; had quit smoking more than 10 years previously;
less than 1 month after recovery from respiratory disease; any
of the following symptoms at the time of the study: chest pain,
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body temperature above 37.5°C, coughing up blood or pink
sputum, unexplained weight loss in the past month or more,
and hoarseness.

Two radiologists evaluated every examination and an
artificial intelligence algorithm was used to facilitate evaluation
of the EAT volume completely automatically (Figure 1).

Chest LDCT was performed on Toshiba Aquillion 64 CT
scanners using special low-dose protocols for a patient of
different weights (up to 69 kg, 70-89 kg, over 90 kg): tube
voltage 135 kV, tube current 15-25 mA (depending on body
weight), rotation time 0.50 s, pitch 1.484, slice thickness 1 mm.
All examinations were performed using a dose of 1 mSv.

Chest CT was performed on Toshiba Aquilion 64 CT
scanners following the standard protocol: tube voltage 120 kV,
tube current 50 mA, rotation time 0.50 s, pitch 0.938, slice
thickness 1 mm.

The Syngovia VB20 workstation was used to map the
pericardial contour in each examination manually. The EAT
volume was automatically calculated, taking into account
all voxels inside the pericardial contour within the density
thresholds from —190 HU to —50 HU. Each examination was
evaluated by two radiologists with more than two years of
experience. The radiologists were unable to see each others’
mapping.

Every examination was evaluated using an artificial
intelligence algorithm that allows automatic evaluation of the
EAT volume.

Statistical Analysis

Descriptive statistics methods were used for statistical
analysis. A paired t-test was used to compare volume
measurements carried out using different methods.
Correlation analysis was performed with the indication of
Pearson’s correlation coeflicient and corresponding p-value.
The t-test was used to compare the volume differences
between different methods, CT and LDCT. Regression
analysis was used to evaluate the correlation between
different factors and the volume difference obtained by
different physicians. The two-tailed significance level
p=0.05 was used in the statistical analysis. The analysis was
performed using the Statal4 software.

Results
Artificial intelligence

The model of the development of an artificial intelligence
algorithm for the automatic measurement of EAT volume is
shown in Figure 1.

The following steps were taken to evaluate EAT volume:
localizing slices within the anatomical limits of interest and
estimating the center point of the pericardial contour for
each of them (1la), transferring to cylindrical coordinates
(1b), building the pericardial curve in cylindrical coordinates
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Figure 1. Design of this study with inclusion and exclusion criteria

Patients who underwent ultra-LDCT in Round 1 of the lung
cancer screening project , subject to meeting all criteria:

« aged between 50 and 75;

« smoking more than 20 pack-years;

« no neoplasm symptoms or corresponding complaints
(except for smoking-related symptoms: cough,
sputum, shortness of breath).

Patients referred for chest CT
within the lung cancer
screening project

Exclusion factors:
« patients supervised by an oncologist for lung neoplasms;
« less than 1 year since the previous chest CT;
« patient gave up smoking more than 10 years previously;
« less than 1 month after recovery from a respiratory disease;

« any of the following symptoms at the time of study: chest pain,
body temperature above 37,5°C, coughing up blood or pink sputum,
unexplained weight loss in the past month or more, and hoarseness.

n=50

By two radiologists using a semi-automatic
technique on a Syngo/via VD20
workstation (Siemens Healthineers)

LDCT, low-dose computed tomography; CI, confidence interval.

(2a); transferring to the original coordinates and estimating
the EAT volume using the pericardial contour detected (2b).

The algorithm was trained on 352 chest LDCT
and 97
radiologists pre-mapped the pericardial contours for each
examination; the third expert refined the contour in case

examinations chest CT examinations. Two

of significant differences between the radiologists. The
algorithm was then validated on 88 chest LDCT and 25
chest CT scans. The process of developing an artificial
intelligence algorithm included two main steps. The first step
was trained by means of assessing on each axial slice whether
the selected slice was within the range of interest from the
right pulmonary artery origin from the main pulmonary
artery to the diaphragm, with a search for a geometric center
of the pericardial contour in the appropriate slices. The
general method architecture is based on a 3D convolutional
network [18] and is similar to the work of Pisov et al. by
definition of the brain midline shift [19]. At the second step
of the algorithm, the centers detected were used to transfer
to the cylindrical coordinates which had already been used
by Commandeur et al. [20]. The second convolutional
network was also based on the approach used to determine
the brain midline shift [19]. However, the pericardial curve
of interest was defined in the entire image in this study, while
the standard second network output was not used. It should
be noted that the method used in our study guarantees the
continuity of the pericardial contour.
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Measurement of the epicardial fat volumes at each examination

n=50

Using artificial intelligence

Comparison of consistency
between physicians’ measurements

There was a 98.4% (p<0.0001) correlation coefficient
between the radiologists’ evaluations (physician 1 and
physician 2) of the EAT volumes (Table 1). Volume
differences did not exceed the mean of 8 mL (5% ).

Comparison of the consistency
between physicians’ measurements
and artificial intelligence

The correlation coefficient of EAT volumes between
artificial intelligence and physician 1 was 95.8%. The
correlation coefficient of EAT volumes between artificial
intelligence and physician 2 was 95.8%. Differences in EAT
volumes in the comparisons with physician 1 and physician
2 did not exceed the mean of 8 mL.

The correlation coefficient between the LDCT eva-
luations of artificial intelligence and physician 1 and phy-
sician 2 was 94.2% and 95.0%, respectively (p<0.0001). The
correlation coeflicient between the CT evaluations of arti-
ficial intelligence and physician 1 and physician 2 was 97.0%
and 95.8%, respectively (p<0.0001).

Evaluation of the difference in EAT volume mea-
surements using artificial intelligence is shown in Figure 3.
Examples of automatic EAT mapping using the artificial
intelligence algorithm based on chest CT and LDCT are
shown in Figure 4 and Figure S, respectively.
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Figure 2. Development an artificial intelligence model for the automatic EAT volume measurement

1a. Is the slice
within a range
of interest?

Input slice

1b. Coordinates
of the center

of pericardial
mass

2b. Transfer to the initial coordinates
and evaluation of the EAT volume

The yellow arrow indicates the estimated center ma pericardial mass on a chest CT slice. The red arrow shows a hatched circle transferred
into a cylindrical coordinate system. See detailed explanation in the text. Al, artificial intelligence; EAT, epicardial adipose tissue.

A comparison of the difference of the epicardial adipose
tissue volumes measures by CT and LDCT is provided in
Table 2.

Evaluation of the effect of noise level
on the consistency between physicians’
measurements

The analysis of the noise level effect on the consistency
between physicians’ measurements showed that a regression
coeflicient close to 0 and was not statistically significant
(p=0.855; Table 3).

Time of measurement
of the epicardial fat tissue volume

It took a physician 17+3 minutes to map and evaluate the
EAT volume of one LDCT examination. It took 143 mi-
nutes to evaluate the EAT volume using the semi-automatic
technique.
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Table 1. Comparison of volumes (mL)
of epicardial adipose tissue measured by two physicians

. . . . Difference
Parameter Physll clan Phys21c1an between scores
of Physicians 1 and 2

Number of studies 100 100 100
Mean 150.07  144.99 -5.07
SD 74.74 71.73 13.43

(from (from (from
95% CI 135.24 130.76 -7.74

to 164.90) to 159.22) to-2.41)

Min 34.32 40.94 -55.41
Max 354.98 345.99 47.00
Med 133.11 128.96 -4.22
p (paired t-test) - - 0.0003

CI, confidence interval; SD, standard deviation.
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Figure 3. Evaluation of the difference in the measurement

of epicardial fat tissue volumes between artificial intelligence and physicians 1 and 2
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A - semi-automatic measurements, between physicians 1 and 2; B — between the artificial intelligence and semi-automatic measurement made
by physician 1; C - between the artificial intelligence and semi-automatic measurement made by physician 2. Al artificial intelligence.

The segmentation and volume measurement of a single
examination (LDCT or CT) took 38+2 seconds using
artificial intelligence.

Discussion

The comparison of chest LDCT and CT measurement
of the EAT volume showed high consistency of results both
in the expert semi-automatic analysis, and between expert
mapping and artificial intelligence.

The EAT evaluation algorithm is based on supervised
machine learning methods. An integral part of such
approaches is a learning sample consisting of the input-
output pairs. Training involves the automatic search for a

mathematical formula (sometimes extremely complex with
millions of parameters) that would allow estimation of
the output data from the input set [21]. Such approaches
have been in development for over half a century but have
primarily been aimed at processing simple input data (for
example, several quantitative variables). The past decade
has seen a breakthrough in automated image analysis thanks
to the development of deep convolutional network-based
methods. The key idea is a hierarchic search for such numerical
characteristics extracted from an image which would allow the
construction of an estimate of the output data in the best way
[22]. Specialized techniques based on convolutional networks
have also gone further in analyzing medical images, primarily

Figure 4. Example of automatic artificial intelligence mapping of epicardial fat tissue based on chest CT data

A - axial scan of the chest CT; B - automatic mapping of epicardial fat tissue on the same axial chest CT scan (red).

S0
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Figure 5. Example of automatic artificial intelligence mapping of epicardial fat tissue based on chest LDCT data

A - axial scan of the chest LDCT; B - automatic marking of epicardial fat tissue on the same axial chest LDCT scan (red).

Table 2. Comparison of the difference of epicardial adipose tissue volumes measures by CT and LDCT

Correlation coefficient

Comparison Difference (95% Cl) p (t-test) TotEIDCCTTand CT LDCT
Between physicians’ measurements 1.27 (from -4.08 t0 6.62)  0.639 0.984 0.987 0.979
Between the algorithm and measurements of Physician 1 ~ 8.53 (from 0.37 to 16.70)  0.0407 0.958 0.970 0.942
Between the algorithm and measurements of Physician2  9.08 (from 1.07 to 17.09)  0.0268 0.958 0.958 0.950

LDCT, low-dose computed tomography; CI, confidence interval.

Table 3. Parameters of the multivariate regression model for differences in epicardial fat volume measured by two physicians

Model factor Regression coefficient P 95% CI
Noise level per STD unit -0.008 0.855 (from —0.093 to 0.077)
Examination type (CT=ref) -1.58 0.641 (from -8.31to 5.14)
Age, per year -0.19 0.213 (from -0.48 to 10.8)
Sex (female=ref) -3.56 0.195 (from -8.97 to 1.85)
Intercept 9.33 0.353 (from -10.5 t0 29.16)

CI, confidence interval; STD, standard deviation.

stratification of patients by groups and mapping pathological
lesions [23]. Convolutional networks can also be used to create
an algorithm for the automatic evaluation of EAT volume. In
this case, CT or LDCT images will be used as input data for
training, and a series of axial slices with pericardial contours
will be used as output data.

Automatic segmentation and volume measurement take
40 seconds or less in a single study. This is 30 times faster than
expert quantification and potentially facilitates the clinical
quantification of EAT volume.

This study did not show any statistically significant
differences between the volumes measured by physicians and
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the algorithm. However, it is worth noting that the prediction
for the LDCT images was statistically significantly more
accurate than for the CT images. This is because the initial
algorithm was based on a sample consisting mainly of LDCT
data (78% LDCT and 22% CT examinations).

Several studies, including a systematic review, have shown
a threshold EAT volume of 125 mL [8, 9, 24]. According
to world literature, EAT volume has never been measured
based on chest LDCT data. In 2018, Commandeur et al. [14]
introduced an algorithm which allowed for estimation of EAT
volume based on ECG-gated non-contrast-enhanced CT
(convolutional neural network, ConvNet). ECG-gated non-
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contrast-enhanced CT was used to evaluate model accuracy
in 250 patients. The correlation coefficient was 0.97 between
the expert scores and 0.98 between the expert scores and the
algorithm. These results are comparable to ours. Moreover, our
algorithm allows for accurate estimation of EAT volume based
on the LDCT data without ECG gating which allows us to
propose it for lung cancer screening.

All LDCT examinations were conducted with a dose of
less than 1 mSv, which meets the criteria for preventive X-ray
studies in adults (SanPiN 2.6.1.1192-03) and 2020 guidelines
of the European Lung Cancer Screening Consortium [25].

Due to the limited exposure dose, chest LDCT images
are noisier than the standard CT images. This may have
affected the quality of manual mapping of the pericardium
by physicians based on the LDCT data, and therefore the
resulting EAT volumes. However, this study showed no
correlation between the physicians’ measurements of the EAT
volumes and the noise levels in the images.

In another recent study, a close correlation was found
between EAT volumes evaluated using CT coronary

angiography and non-ECG gated CT (r=0.948; p<0.001) [26].

The comparability of EAT volumes as measured by LDCT and

CT coronary angiography is still under question. Work will
continue in this area.

Limitations

Expert and machine mapping was compared in a
relatively small sample. We plan to assess the artificial
intelligence algorithm based on significantly more data.
Noise level is higher in ultra-LDCT than in standard chest
CT examinations. This is why when evaluating volume, the
algorithm takes additional pixels into account. The issue will
be addressed in the next stage.

Conclusion

The results on the comparability of epicardial fat volumes
measured by semi-automatic and automatic techniques
suggest that the artificial intelligence algorithm will
contribute to the faster analysis of cardiac fat and improve
stratification of the cardiovascular complication risk without
additional patient exposure.

No conflict of interest is reported.

The article was received on 15/03/2020
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KOMOUHALIMW C OZHUM U [IBYMA TAMOTTUKEMASECKIMUA TIDEN3PATaM A1 NEPOPAMbHON anMeHeHm} IpW OTCYTCTAN GIEKBATHOTO HKEMUYECKOTD KOHTDONA Ha AQHHOM Tepaniiu; CTapToBoii Vi Tepanii ¢ Mer npu TH RaHHOTi Tepaniu. C2xapHbili AMaGET 2 Tuna y B3POCTHIX NUAATOB C YCTHOBTEHH:IM AUATHO3OM
CepfIeuH0-COCYAUCTOrD 3aboneBanua W ABYMA M Gonee akTopamyt cepaeUHo-COCYAUCTONO picka 1BOKDB(T ¥ MyKuH = 55 11eT Ut > 60 NeT y KEHLUUH W HaNUuVe He MeHee 0fIHOro GaKTopa pUcKa: AUCTUMIAEMIAS, aptepvlanwaa TUNepTeH3ItA, KypeHite) ANA CHIKEHVA PUCKa TOCTATAA3aLMH 10 N0BORY cepaeuHoii HeaoctaourocTu. CEPILEYHAA HELLOCTATON-
HOCTb (II-IV Knacc no NYHA) co Bbibpoca y Ans pucKa ceppy MepTH no nosopay cepa unocty. TIPOTUBONOKA3AHNA: nosbilentan uHANBIZYanbHaA
UYBCTBATELHOCTb K N06OMY KOMTOHEHTY nipenapara; caxapHbiii Auader 1-ro Tuna; auabeTiuecuii Keroaluos; Hapywwerite dyHKwnu novek npi pacyetHoii CKO (pCKO) crabunbHo Menee 45 Mn‘iH 1,73 M, BKt0uas HapyLuewie gy TAX@NOI CTeneHN i HeAOCTaTOuHOCTH, Np no axapHblii Auaber
2 Tna»; HapyWEHWE QYHKLIUM NONEK TRXENOii CTeneHit W TEPMMHATbHZA CTaauA nokeuHoi HeaocraTouHocT (pCKD < 30 win/wk/1,73 i), npi NpAMEHeH 10 NOKas2HMD «CePAUHaR HEAOCTATONHOCTb (B CBA3M C OFPaHH4eHHbIM OMbITOM MDUMEHEHUA B KAMHH4RCKIX UCCIEA0BIHIRX); HACNEACTBEHHAA HENEPEHOCMOCT> NaKTOb, RQULIT NaKTa3bl Wi
II0K030-TaNaKT03HaA MaNbabcopLA; BepemerHOCTb Y NepHOA TPYAHOTO BCKAPMANBAHUA; ACTCKUT BO3PACT 40 18 neT (6e30nacHoCTb i 3peKTMBHOCTD He u3yderbi). C OCTOPOMHOCTDIO: neyeHouHas HEAOCTATOUHOCTD TAXENOH CTENeHN, MHOeKLUMA i cucTeMbl, HHOE 3HAYEHH pura. NPUMEHEHWE B NEPUOA BEPEMEHHOCTN
WTPYAHOTO BCKAPMAIMBAHWA B cA3y1 C Ten, 4To NpundeHeHHe Aanarnudno3iia 8 nepuoA bepemeHHOCTIA He M3yueHo, penapat NpoTUBOMoKasaH B nepuoj BepemeHocT. B cnyuae auarkoc THTepanua [} Hem3BecTHo, NPOHMKAET N AGNArMANO3MH W/WNH €10 HeaKTUBHbIE METAboNUTbI B rpyaHOE
MONOKO. Henlb3A UCKMIOUATL PHCK MR HOBOPOXIeHHbIX/MNa/ieHLieB. [lanarnunosuH NpoTUBONOKa3aH B nepuoj rpyaHoro Bckapmnugaris. CIOCOB MPUMEHEHWA W BO3bI: Buytpy, Hesasicumo ot MPHEMa NALLW, He Pa3KeBbiBas. CaxapHbiii Auaber 2 Tuna. MoHoTepanus: pekomeHzyeman 403a npenapaa (opcura coctasnsie 10 Mr 0IMH Pa3 B CyTKL
Tepani; 7032 npenapara Oopcura cocrasnAer 10 Mr 04k a3 B CyTKH B qQ (8 TOM uiCre, B [INN-4 (8 Tom uncne, 8 aronvcTom peuentopos [MIM1-1— 3kcenatugom
JelicTBuA, B « MHCYMWHA (B TOM UNCTE, B KOMOMHALIMM C OBHIN ANV IBYMA TUOFMKeMAYECKIMA DeNapaTamin AR NepopabHOro NpiMeHeHWs). C LENbI0 CHIKKEHMA PHCKA TUMOTMKeM U DU COBMECTHOM Ha3HayeHu npenapata Gopara ¢ UHCYTMHa WA
COKPELYIO MHCYTHG (HAMPAED, CTDOV3BOJHOIN CYTOHITNONCBIHb), MOXET IOTDEOBATHCA CHIXHHE 40361 IDENapaTO WHCYMHG WTH IpENapaTo, NIOBHILIIOIAK CRADELUAD HHCYTHa. CTaDT0BaA KOMGHHUPOBAAHQA TEDaNUA CMTOOPHIHO: PEXOMeAyewaA 1033 npenapata GOpaira CTagmAer 10 M O pas B YTk, 1033 MeTGOpIKa — S00 NI O p23 B
kM. B Cnyua KOO KOHTPONA 403y Neye ysenuTb. C/12 y B3pOCbix NALIMEHTOB C YCTaHOBNEHHbIM AATKO30M CePAUHO-COCYAMCTOrO W ABYMS U G0nee Gak YIMCTOTO PYUCKA 1A CHIDKEHIA PHCKA FOC 10 0Oy CePACUHO/ HELOCTATOHHOCTH: £03a npenapara
Qopaura coctasnset 10 Mr oauH pas B cyTki. Ceppg UHOCTb: Ro3a Qopaura 10 mr ok pas & cyTwu. 0BOYHOE JEACTBUE. KpaTKMM oﬁzop npoduna BesonachocTi. B knuHudeckux iccnenosanuax (/12 Gonee 1 B NONYYaNH Tepaniio NepBuuHas
OLleHka De30MacHoCTi 1 NepeHOCUMOCTH NPOBOAWNACH B 3apakee aHanu3e ob NaHHbIX 13 KpaTKOCPI (o 24 Hegens) WCCNeA0BaHMH, B KOTOPbIX 2360 NalMEHTOB MpUHAMANK AanarnugnouH 8 Aose 10 Mr i 2295 naumeHTos nonyuani nnaue6o. B uccnesioakit 4anarnunosiHa B oTHOLLEHMH
CepaeuHo-CocyucTbix cxogos npu CA2 (DECLARE) 8574 nauverta nonyuanw ganarnugnosun 10 mr v 8569 nonyuani nnaueﬁﬂ (Menwana Bo3geicTBuA 48 MecALes). B obLei COXHOCTH SKCNO3NLA AaNarnudno3uHa cocTagina 30623 nauvieHTo-net. B uccnenoBanyt anarnugno3ua B OTHOLUGHIIM (EPAeUHO-COCYANCTLIX UCXOA0B Y MALWEHTOB C CepIeNHOi
HeJJ0CTTOMHOCTBI0 CO CHUXERHOT dpakLuedt BbiGpoca (DAPA-HF) 2368 nauuentos nonywany sanarnudno3iy 10 r v 2368 nonyyani nnaueto (vegwana osnedicrana 18 mecaes). Monynauma sknioana nauviertos ¢ 2 u Ge3 Hero, v nauwuentos ¢ pCKO > 30 mn/mun 1,73 w2 Tpodub Ge30nacHoCTh Aanaruono3iHa B UCCnefoBaKHAX 6bin B LEAOM CXOXAM N0
13yaEMbIM NOKQ3QHIAM. TKeNYi0 TMNOMMIAKENK U AHaBRTUNECKIN KEToaLA03 OTMEYaNH TOMsKO  NaLUMEATOB C CaxapHbiv vaberom. Hinke nDecTasnetb HP, 0TMeuaBLIECA B NMaLIEGO-KOHTPOMMPYEMbiX KNMHHHECKINK HCCTRAOB2HUAX DU MOCTPETUCTPAUMOHHOM Hpv\MEHfHMM Hu onHa 13 Hix He 3agicena m 0361 npenapara. HP knaccuguuupoBaKbi Mo dactote u
KIaccy cucTem 1 opranos. Yactora HP npenctanexa B iae cneayloweit rpaauii: odesb vacto (=1/10), yacto (=1/100, < 1/10), evacto (=1/1000, <1/100), peako (=1/10000, <1/1000), 04¢Hb PEKO (<110000) 1 HeyTouHEHHOi YaCTOTb! NaHHbIM). HacTo —
GaNGHUT 1 CBA33HHbIE C M TEHUTATbHbIE WHEKIIMM, MHQEKLUA nyTed; Hewacro i 3y8, pUGKOBIE 0teHb pegko — i1 GACUMHT MPOMEXHOCTH (rarpera OypHse). HapyweHus o cTupuHm 0BMEHa BELLIECTE Y MUATaHUA: 04eH qacm — TUNOTTUKEMIR (DY MPAMEHEHIN B KOMOUHALMA
CTIDOU3BOAHIM CYMbGOHITIMOUEBHH! W HHCYTHOM); HeuacTo — cHinkekute OLIK, Xaaa; peako — auabeTadeckuit keToalinao3 (npu npivenenin npu C/12). HapyuweHns co CTopoHs| HepBHOJi CCTeMbI: YaCTo — FON0BOKPYKeHie. HapyiLiekuts Co CTpOHSI enyA0uHO-KILIEUHOTO TPAKTA: HEUacro — 3am0p, CyXoCTs BO pry. HapyweHus Co CTOPOHbI KO U MOAKOXHBIX
TKaHeli: 4aCT0 — Cbifl; 0YeHb PESIKO — aHTHOHEBPOTMYECKYIA OTeK. HapyuueHins Co CTODOHSI KOCTHO-MBiILIUHO/i CICTEMBI W CORMHUTENbHOI TaHU: YacTo — 607 8 Cike. Hapy1ueHits Co CTOPOHbI MOYeK W MOYEBLIBOAALLIAX NyTeld: 4acTo — AW3YPHA, MOMMYDMA; HeYaCTo — HUKTYPUA. [1a0paTOpHBIE U MHCTDYMEHTATbHbIE AaHHbIE: YACTO — AUCTMTAZEMAR, MOBILEHIE
3HaUeHUA FeMATOKDUTa, CHIDKEHIE MOUEYHOTD KIMDEHCA KDEATHHINHA Ha HaYaTbHOM 3Tale Tepank; HeJaCTo — NOBBILIEHHe KOHLIEHTPALIMH MOYEBHHbI B KDOBM, NOBBILIEHIE KOHLIEHTDALIMM KPETUHIHA B KDOBI Ka HauaNsHOM 3Tane Tepanii.
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