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Pathology informatics has been developing as a response to a large amount of diagnostically relevant morphological
information and attempt to the best store and use it. The main components of pathology informatics include digital
images of histological slides and gross photographs, telepathology, and electronic data collection. Photo documenta-
tion of gross specimens is an integral part for efficient work of a pathologist. Currently, many grossing stations are
equipped with continuously recording video cameras. A logical and detailed description of the macroscopic specimens,
supported by properly obtained digital photographs, should be the standard of a modern pathology report. However,
with the increasing workload of the pathologists, they have less and less time to take gross photographs. That is why,
in our opinion, it is important to ask questions such as: what is necessary to photograph, how to take a photo of the
gross specimen, and in which order? There are only a few publications on this topic in both domestic and foreign
literature. This paper attempts to summarize the literary data on this topic, based on which a list of medical use cases
that require a mandatory photo documentation has been created. Practical recommendations have been developed
and are outlined for gross photographs. In the context of widespread use of digital photography as a resource for
deep learning of neural networks and digital analysis, this article will be useful not only for postgraduate education
of pathologists, but also for physicians of other specialties.

Keywords: postgraduate medical education; pathology informatics; digital gross photography; pathological anatomy;
training of neural networks.
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MaTtoMopdonormyeckas MHbOpMaTMKA BO3HMKAA Kak OTBET Ha OrPOMHOE KOJMYECTBO LMArHOCTUYECKM 3HAYMMOM
Mopdonoruyeckoint MHGOPMaLMU M MOMbITKY HaUNy4ylWero ee XpaHeHUs U MCNonb3oBaHUA. OCHOBHbIMKU COCTaBAAK-
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WMMK naToOMOPPONOruyeckoin MHHOPMATUKU MOXHO CYMTaTb LUMDPOBbIE M306paXKeHMs Makpo- U MUKPOMNpenapaTos,
TenenaTtonoruMi U cbop 3NeKTPOHHbIX AaHHbIX. DOTOAOKYMEHTALMA MakponpenapaToB — HeoTbeM/JeMas 4acTb
3pdekTMBHOM paboTbl Bpaya-naTtonoroaHatoma. B HacToglwee BpeMsa MHOrne CTaHUMU Bbipe3ku CHabXeHbl Kamepa-
MU HenpepbiBHOW BUAEOCbeMKU. JlorMyHoe M AeTanbHOe OMMCaHWe MakpornpenapaTa, NOAKpenjeHHoe MpaBUIbHO
BbINMONHEHHBIMU UMbpoBbIMM doTOrpadmsamMu, AONXKHO 6bITb CTaHAAPTOM COBPEMEHHOro NaToloroaHaTOMMYECcKoro
3akntyeHus. OfHako B yC/NIOBMSX MOBCEMECTHO BO3pacTatowern paboyer Harpyskum Ha Bpayen-naTtonoroaHaToMoB
BpeMeHW ANs 3aHATUI GoToCbeMKOM ocTaeTcs BCe MeHble. [103TOMY O4YeHb BaXXHbIMW, Ha Hal B3rNag, ABASOTCS
BOMpPOCHI: 4TO HeobxoAauMo doTorpaduposaTb o6s93atenbHo, kKak GoTtorpadmpoBaTb Makponpenapar, U B Kakoi no-
cnepoBatenbHocTu? Myb6ankaumm Ha 3Ty TEMY U B OTEYECTBEHHOW, U B 3apybexHOon nutepaTtype HEMHOMOYUCEHHbI.
B aToi paboTe coenaHa nonbiTka 0606LWeHNS NMTEPATYPHbIX AAHHbIX MO AAaHHOW TeMe, U Ha OCHOBE 3TUX AaHHbIX
COCTaBJIeH NnepeyeHb MeAMUMHCKUX Cly4vyaeB, KoTopble TpebylT obszaTenbHol GOTOAOKYMEHTaLMK; pa3paboTaHsbl
npakTMyeckMe pekoMeHpauuu No MpoOBefEeHUI0 CbeMKM MaKpomnpenapaToB; AaHA OLEHKA BO3MOXHOCTEW MCMONb-
30BaHua undposoin doTorpadum Makponpenapata Angd guddepeHUManbHON AMArHOCTUMKU. B ycnoBuax wmpokoro
ncnonb3oBaHma uudposoi doTorpadum kak pecypca Ans rnybokoro obyyeHus HelpoceTeld M LMPPOBOro aHanM3a
3Ta cTaTbs 6yneT nosnesHa He TONbKO ANg MOCNeAUMNIOMHOro o6pa3oBaHMS MAaTONOroaHaTOMOB, HO M ANS Bpayei
APYrux cneuuanbHOCTeN.

KnioueBble cnoBa: nocneaunnoMHoe MeauUMHCKOe obpasoBaHue; natomopdonoruyeckas uHpopmaTuka; undposas ¢oTto-

rpacdus; Makponpenapar; naToNorMyeckasl aHaTomMus; obyyeHne HeipoceTeil.

Today, most educated people are aware of in-
formatics as a science about the methods and pro-
cesses of collecting, storing, processing, transfer-
ring, analyzing, and evaluating information using
computer technologies that allow its use for deci-
sion-making [5]. Medical informatics is a branch
of science that focuses on biomedical information.
It studies the patterns and methods of obtaining,
storing, processing, and using knowledge in medi-
cal science and practice to prevent and treat dis-
eases. However, nowadays, the rapidly developing
branch of informatics in the field of pathological
anatomy (“pathology informatics”) remains in prog-
ress in the Russian healthcare system. Therefore,
not every doctor is even familiar with the term
“pathology informatics” or pathomorphological in-
formatics. In Russia, researchers such as I.M. Vo-
rontsov, E.V. Gubler, M.O. loffe, I.P. Kulbush,
N.N. Melnikov, V.G. Chasnyk, V.V. Shapovalov,
and V.V. Yuriev implemented informatics and path-
ological anatomy, in specific, into medical practice
[2, 3].

Unfortunately, at that time, their ideas were
not widely adopted by pathoanatomists for use in
their practices. Pathology informatics arose due to
a considerable amount of diagnostically important
morphological information and an attempt to store
and use it optimally. Digital imagery, teleconsulta-
tion, and mining or electronic data collection can
be considered the main components of pathology
informatics. Digital images of gross specimens or
histological preparations represent a vast archive
of data on pathological anatomy in electronic for-
mat. These images are used for education, diag-
nostics, consultation, and research. As a branch
of telemedicine, telepathology has already become

an integral part of the work of pathoanatomists
worldwide. However, in current practice, when
it comes to “digital pathology,” the work with a
digital image of histological micro preparations is
mainly implied. Much less attention is paid to the
digital images of gross specimens. In our opin-
ion, this preference seems completely unfounded
since a photograph of a clinical tissue sample is
an integral part of an anatomic pathology report
and electronic medical case history. Also, it is part
of a legal document since it is integrated into the
laboratory information system [7, 11].

Many digital systems for documenting autopsy
materials and surgical specimens are integrated
into modern cutting stations. These systems en-
able continuous video and audio recording during
the entire macroscopic examination process. Some
experts consider it to be sufficient [18].

We disagree with this point of view. The consid-
erable amount of digital video information recorded
at the cutting station requires vast storage space and
consumes a great deal of viewing time. In most
cases, this laborious use of resources is entirely
unreasonable. Moreover, not all gross specimens
require conventional digital photography, particu-
larly video documentation [13]. According to the
authors of the article, in the context of the ubig-
uitously increasing workload on the pathologist,
questions about what is necessary to photograph,
how to photograph, and in what sequence are very
significant.

Our study aims to perform the following:

1) A critical analysis of modern literature on
photographing gross specimens in pathological
anatomy and compiling a list of medical cases that
require mandatory photographic documentation;
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2) Develop practical recommendations for imag-
ing of gross specimens;

3) Assess the possibilities of using digital pho-
tography of a gross specimen for differential diag-
nostics based on digital analysis.

The literature on this subject is scarce in the
Russian language and is mainly represented by
works on forensic photography [4, 6, 19].

The international literature on photography re-
garding the practice of a pathologist is mainly
focused on photography equipment, and various
hardware and software used to transfer and store
digital photographs [10, 14, 16].

Only a few works focused on the technique and
strategy to obtain high-quality imaging of gross
specimens [8, 15, 17, 20].

d

Fig. 1.

By combining literature data and many years
of our experience into a single array, we offer the
following list of cases requiring mandatory photo
documentation:

1) All findings associated with a tumor process
(Fig. 1, a) and a pronounced inflammatory process
(Crohn’s disease);

2) All gross specimens during transplantation
surgeries (Fig. 1, b) of organs (prostheses of heart
valves, explanted organs);

3) The absence of any findings while anticipat-
ing them by clinicians (the absence of a tumor in
the gross specimen during the anatomicopathologi-
cal examination of the surgical material sent for
tumor removal); gross specimens with disruption
of continuity (Fig. 1, c¢) of anatomical structures

A macroscopic photograph: a - the right femoral segmental resection specimen for osteosarcoma. The central slab of

the bone is longitudinally sectioned in the sagittal plane. The macroscopic photograph demonstrates a tumor with
massive structure-less areas of necrosis and hemorrhagic infiltration. The tumor involves the diaphysis, metaphysis,
intramedullary space, cortical bone, and partially soft tissue. There is no gross evidence of tumor at the inked
margins; b - an external view of the explanted native liver due to cirrhosis specimen; ¢ - a specimen composed of
fragmented parts of the fallopian tube and fetus due to disrupted ectopic pregnancy; d - a total femoral prosthesis
hardware removed due to being worn out. The specimen is for gross examination only and photo documentation;
e - a specimen resulting from an above elbow amputation of the right upper extremity. The skin, soft tissue, and
bone margins are irregularly-shaped and hemorrhagic consistent with traumatic amputation. There is a previously
opened defect of skin and underlying soft tissue consistent with a surgical incision on the anterior aspect of the
forearm; f - a macroscopic photograph of a rare mesothelial cyst of the abdominal cavity

Puc. 1.

MakponpenapaTbl: @ — cerMeHTapHas pesekuus npasoro 6eapa no NOBoAy O0CTEOCapKOMbl. LieHTpanbHaa KocTHas nna-

CTUHA, BbIMUIEHHAs B CaruTTalbHOM NiockocTu. Ha dhoTorpadmum BuaHa onyxonb ¢ MacCUBHbIM 6ECCTPYKTYPHbIM Y4aCTKOM
HeKpo3a 1 reMopparuveckoit UHdunbTpauuu. Onyxonb 3axBaTbiBaet auadus, Metadus, UHTpaMeAYNNAPHOE NPOCTPAHCTBO,
KOPTUKaNbHYI YaCTb KOCTU U YaCTUYHO MATKUE TKaHW. MapKupoBaHHbIe Kpas pe3ekuuu 6e3 BUAMMOro onyxosieBoro po-
cTa; b — Makponpenapart yaaneHHOro HaTUBHOrO OpraHa C Bblpa)X€HHbIM LIUPPO3OM NMpPKU onepauuu No TpaHCMIaHTaLUU
neyeHu; ¢ — (pparMeHTUPOBAHHbIE YaCTM MATO4YHOM Tpy6bl U NAOA NpU NpepBaBLIEACA IKTONMYECKON GepeMeHHOCTH;
d — pucTanbHbiv heMopanbHblit NPoTes, U3BJEUYEHHbIN BCieACTBUE usHoca. lMpenapart AocTaBneH AN MaKpoCKONMYeCKoro
uccnepoBaHus U GOTOAOKYMEHTALMM; e — MaKponpenapaT TpaBMaTMYeCKOM aMnyTaLuuM NpaBoit BepXHei KOHEYHOCTU Ha
YPOBHe cpeAHeil TpeTu nneya npu aBTOMO6MbHOI TpaBMe. Kpas KOXXM HAa ypOBHe aMnyTauuu HepoBHbIE, MATKME TKaHU
pa3Mo3XeHbl, 0TMeYaeTcs reMopparmyeckas uHbunbTpauus. Busyanusmpyerca ockonbyaTbiii Nepenom nievyeBoi KOCTH.
Ha BHyTpeHHel1 NOBEpXHOCTU NMpeanieybs NocneonepauMoHHas paHa; f — npenapat Me30TeNUaNbHON KUCTbl GPHOLIHOM

nosaocTu
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(fragmented organs, preparations in the presence
of hemorrhages, ruptures);

4) Gross specimens that require only a macro-
scopic examination (Fig. 1, d) without subsequent
histological analysis (excised Phyto- or trichobe-
zoars, medical devices, endoprostheses);

5) Gross specimens of cases (Fig. 1, e) that may
be the cause of court proceedings (foreign bod-
ies, traumatic organ amputations); unusual findings
(Fig. 1, f) and rare cases (mesothelial, fetus in fetu,
others).

When working, a simple rule must be borne
in mind. A set of macro photographs for a given
case should form a single picture that enables an-
swering the questions raised by the clinician and
leads to the correct clinical and morphological
conclusion.

In the daily practice of a pathoanatomist, many
different models of digital cameras can be used for
photography. If a camera is not available, subject
to patient data confidentiality, a mobile telephone
can also be used. Several practical recommenda-
tions that will help improve the imaging quality
of gross specimens are provided below.

1. The choice of imaging mode (manual or au-
tomatic) depends on the experience and skills of
the camera user. For indoor photography, a ring
flash is useful, the design of which provides uni-
form illumination of small objects and is ideal for
shooting gross specimens. At the start of shooting,
the gross specimen is photographed in the form
it was delivered for research. Then, its sectional
view is photographed. If serial sections are made
in the form of a “book.” then the picture should
be taken before parts of the sample have been
displaced relative to each other. This is necessary
to recreate the integral anatomical structure of the
sample and see the contact boundaries of its parts.
If separate serial cuts are made, then the plates
should be laid out sequentially. All parts must be
included entirely while ensuring that no cut edges
of one or another fragment are in the frame. When
shooting, it is recommended to take several pictures
at different magnifications. This practice can be
useful in further work for drawing up the so-called
schematic map for the layout of tissue fragments
of the sample in cassettes and macro-microscopic
comparisons [1].

2. It is essential to choose the background for
macro photography. It must be clean and have a
suitable color. For example, black is not preferable
when photographing dark brown and dark red spec-
imens. Yellow, red, and brown are not very good
backgrounds for photography of gross specimens,

while light blue and green are the most suitable
colors.

3. A digital photograph of a gross specimen is
a legal document. A lack of scaling and labeling
can ultimately devalue all the efforts and diagnostic
value of this image. Therefore, macrophotography
must necessarily contain labeling with the identifi-
cation number of the sample and a scale bar with
the units of measurement. It is better to place the
scale bar closer to the sample, and labeling should
be in the corner of the frame. They should not be
located on the specimen or overlap its parts. This
arrangement enables removing the photo identifica-
tion number and using the photo for a conference,
training, or scientific presentation. All objects in
one photo (gross specimen, scale bar, and labeling)
must be in focus.

4. When shooting, it is recommended to avoid
getting your hands in the frame. A metal probe or
tweezers can be used to point to a specific area
in the sample.

5. After photographing, the quality of the pho-
tographs should be checked to ensure that they
fully meet the requirements of the researcher and
are saved. The most common file format for sav-
ing digital images is JPEG (Joint Photographic
Experts Group). However, it has a disadvantage
manifested as the deletion of part of the informa-
tion during the shooting process; when an image
is opened in the editing program and saved as a
JPEG, part is deleted. The RAW format is the op-
timal format since it preserves the maximum image
quality [6].

6. The creative approach of this specialty en-
ables obtaining an image with a greater depth of
field from a series of conventional macro photo-
graphs and software for merging focal digital planes
(z-stacking) [12]. Such digital images will illustrate
the anatomic pathology report and be used in the
educational process.

Several studies have already demonstrated suc-
cess with using digital photographs of gross speci-
mens for in-depth learning of neural networks and
the use of neural network analysis in the future for
recognizing various organs [9].

The next step is using neural network analysis of
digital images of gross specimens for macroscopic
differential diagnostics of pathological processes.
Today, creating a high-quality and well-annotated
digital image repository of gross specimens and
their metadata should be considered. This endeavor
is a time-consuming and labor-intensive process.
Such annotations in our work were created using
the publicly available software QuPath. This pro-
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Fig. 2. An example of work with QuPath software for annotation digital gross photograph of the thyroid gland tumor
Puc. 2. Mpumep paboTbl ¢ nporpaMMHbIM o6ecneyennem QuPath ans aHHoTaumu undpoBoro usobpaxeHus Makponpenaparta

onyxonu LWMTOBUAHOWN Xenesbl

gram allows for object detection, classification, and
image segmentation (Fig. 2).

Thus, even today, with a minimum expenditure
of material resources and having certain knowledge
of and skills in digital photography, a pathoanato-
mist can significantly improve the quality of the
anatomic pathology report and create the necessary
base for conducting computer-assisted differential
diagnostics based on digital images.
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© AV. Andreev, N.V. Kharlamova, S.S. Mezhinskij, N.A. Shilova
VN. Gorodkov Ivanovo Research Institute of Motherhood and Childhood, Ivanovo, Russia

For citation: Andreev AV, Kharlamova NV, Mezhinskij SS, Shilova NA. Influence of pain on the development in preterm infants.
Pediatrician (St. Petersburg). 2021;12(1):11-19. https://doi.org/10.17816/PED12111-19

Received: 23.12.2020 Revised: 20.01.2021 Accepted: 19.02.2021

Introduction. The influence of uncontrolled exposure to pain in newborns in the first days of life on the long-term conse-
quences for both the brain and the development of the nervous system as a whole is of interest.

The aim of the study was to assess the intensity of pain in preterm infants who need respiratory care in the early neonatal
period and to determine its impact on the development of the child by the end of the first month of life.

Materials and methods. From December 2018 to December 2019, 92 preterm infants requiring respiratory support in the
early neonatal period were examined. Pain intensity was assessed on the EDIN6 scale, and neuro-muscular maturity was
assessed on the J. Ballard scale. The preterm infants were divided into 2 groups: Group | - 34 children who underwent
invasive ventilation (body weight 1120 [865; 1390] g, gestational age 29 [26; 31] weeks); group Il - 58 newborns who
used non-invasive respiratory therapy (CPAP) (body weight 1160 [875; 1400] g, gestational age 29 [28; 31] weeks). Group |
newborns had a lower Apgar score at 5 minutes (p=0.001) and a higher Silverman score (p=0.001).

Results and discussions. In all newborns, the maximum pain intensity score on the EDIN6 scale was registered on the 3 day
of life: in group |, it was 9, and in group Il - points (p=0.041), which corresponds to moderate pain. Group | children
underwent more manipulations (20.8 £ 2.14 vs 17.7 + 2.05; p = 0.016). An increase in the average airway pressure of 210 cm
H,0 in group | children and 26.5 cm H,0 in group Il patients is accompanied by an increase in the intensity of pain to
severe and moderate, respectively. In both groups of children, an inverse correlation was found between the number of ma-
nipulations, head circumference (R =-0.64; p = 0.004) and the J. Ballard score on the 28th day of life (R=-0.57; p=0.008).
The number of painful manipulations in the early neonatal period, exceeding 21 procedures per day, increases the risk of
delayed child development by more than 3.5 (p=0.009; OR =3.68; Cl =1.12-8.36).

Conclusion. The number of manipulations performed and the value of the average airway pressure are the main factors
affecting the intensity of pain in preterm infants and determining their development in the neonatal period.

Keywords: preterm infants; pain level; neuromuscular and physical development.

BNNAHUE BOJIU HA PA3BUTUE TNYBOKO HEAOHOLWEHHbLIX HOBOPOXAEHHbIX

© A.B. AHppees, H.B. Xapnamoga, C.C. MexuHckmin, H.A. LLinnosa

(enepanbHoe rocynapCcTBEHHOE OHOMKETHOE YupexaeHue

«MBaHOBCKWI HAYYHO-UCCIEA0BATENbCKUAN MHCTUTYT MAaTePUHCTBA M AeTcTBa M. B.H. fopoakosax»
MunucTepcTBa 3npaBooxpaHeHus Poccuiickorn Mepepaumm, MBaHoBO

Ana yumuposaHus: AHapees A.B., Xapnamosa H.B., MexuHckuii C.C., LUnnosa H.A. BansHue 6011 Ha pa3suTue mMyBoKo HEeOHOLWEH-
HbIX HOBOPOXKAEHHbIX // Meamatp. — 2021. — T. 12. — Ne 1. — C. 11-19. https://doi.org/10.17816/PED12111-19

Mocrynuna: 23.12.2020 Opobpena: 20.01.2021 MpuHaTa K nevatn: 19.02.2021

BBepeHue. MccnepoBaHue AONTOCPOYHbIX nocnencTeun HEKOHTPOnpyemoro BO34eNCcTBUS Hon Y HOBOPOXAEHHbIX
nepsbixX OHEN XWU3HU Ang pa3BuUTUA HepBHOlji CUCTEMDI B LLEIOM U TONNOBHOIO MO3ra B 4YaCTHOCTM npenctasndaeTt Hay'vIHbIﬁ
N KAUHUYECKUI MHTEpEC.

Llens uccnedosaHuss — OLEHWTb UHTEHCMBHOCTb 601K y ryboKO HeAOHOWEHHbIX HOBOPOXAEHHBIX, HYXAAKLWMUXCS B pe-
CNMPATOPHOM NOLLEPXKKE B PAaHHEM HEOHaTa/llbHOM MEpUOLE, U YCTAaHOBUTb €€ BAWUSHUE HA pa3BuUTUE pebeHKa K KOHLY
NnepBOro MecsiLa XU3HU.

Marepuanbl u metoabl. O6cnenoBaHo 92 rnybokO HEAOHOWEHHbIX HOBOPOXAEHHbIX, HYXAAKLWMXCS B peCcnMpaTopHOM

noagepxke B paHHEM HeoHaTanbHOM nepuope. OUueHKY MHTEHCMBHOCTM H6onm nposoaunu no wkane EDING, oueHky Heit-
pPOMbILLIEYHOM 3penocTn — no wkane J. Ballard. HoBopoxaeHHble 6binn pa3aeneHbl Ha 2 rpynnbl: | rpynna — 34 peb6eHka,
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KOTOpbIM NpoBoAunach MHBasueHag MBJT (macca Tena 1120 [865; 1390] r, cpok rectaummn 29 [26; 31] Hepenb); Il rpyn-
na — 58 HOBOPOXAEHHbIX, Y KOTOPbIX MCMONb30Banacb HEMHBA3MBHas pecnupaTopHas noapepxka (HWUIM/CPAP) (macca
Tena 1160 [875; 1400] r, cpok rectauun 29 [28; 31] Hepenb). HoBopoxAeHHble | rpynnbl uMenn 6onee HU3KYH OLLEHKY
no wkane Anrap Ha 5-i muHyTe (p =0,001) n 6onee Bbicokyto — no wkane CunbeepmaHa (p = 0,001).

Pe3ynbTaTthbl M 06CYyXXAeHUE. Y BCEX HOBOPOXAEHHbIX MaKCMMasibHas OLEHKA MHTEHCMBHOCTU 60num no wkane EDING 6bina
33aperncTpupoBaHa Ha 3-u CYTKM XU3HU: B | rpynne oHa coctaBuna 9,a Bo Il — 8 6annos (p = 0,041), uto COOTBETCTBYET YMe-
peHHoi 6onun. leTam | rpynnbl 66110 NpoBeAeHo H6onbliee KonMYecTBo Manunynaumii (20,8 £ 2,14 vs 17,7 + 2,05; p = 0,016).
YBenuyenue CpefHero AaBleHWs B ApixaTesnbHbix nyTtax 210 cv H,O y peteit | rpynnbl u 26,5 cM H,0 y naunen-
ToB |l rpynnbl COnNpoBOXAaeTcs yBeNMYEHWEM WMHTEHCMBHOCTM 6OAM [0 CUNBHOW M YMEpPEHHOW COOTBETCTBEHHO.
Y peteit o6enx rpynn BbisiBNeHa 06paTHas KOpPpensiLMoHHAsA 3aBUCMMOCTb MEXAY KONMYECTBOM MAaHWUMYNSALUMA, OKPYXKHO-
cTbto ronosbl (R = -0,64; p=0,004) n oueHko no wkane J. Ballard Ha 28-e cyTku xu3uu (R =-0,57; p=0,008). Konuuectso
60/1e3HEeHHbIX MAaHMNYNALWIA B paHHEM HEOHATaNbHOM Mepuoje, npesbiwatoliee 21 npouenypy B CYyTKM, yBEIUUMBAET PUCK
3afepxKku pa3Butus pebeHka 6onee yeM B 3,5 pasa (p=0,009; OR=3,68; Cl=1,12-8,36).

3akntoueHue. KonnyecTBo BbIMOAHAEMbIX MaHUMYASLMA U BENMYMHA CpefHero OaBNeHWs B AbIXaTeNlbHbIX MyTaxX — OC-
HOBHble haKTOpbl, BAUAIOWME HA MHTEHCMBHOCTb 60K y rnybOKO HeAOHOLEHHbIX HOBOPOXAEHHbIX, ONpeAenstowme nx

pa3BuUTUE B HEOHATAJIbHOM nepuoe.

KntoueBble cnoga: Fﬂy60K0 HEOOHOLWEeHHbIe HOBOPOXAEHHbIE; YpPOBEHb 6onu; HeﬁpOMbILIJeHHOG " qJVIBMLIeCKOE pa3suTue.

Due to a significant increase in the survival
rate of extremely premature infants, considerable
attention is currently paid to reducing neurologi-
cal deficits and long-term adverse consequences
associated with immaturity of the central nervous
system (CNS) and stress during the first days of
life [17]. Since all extremely premature newborns
require care and treatment in resuscitation and in-
tensive care units (RICU), they require numerous
diagnostic and therapeutic procedures much more
frequently, many of which are very painful. All this
happens in the presence of stress caused by the
weaning of the child from the mother. The role of
long-term exposure to stress and pain experienced
by extremely premature infants in RICU remains
unclear and requires detailed study. Although the
CNS of extremely premature infants during the
early neonatal period is in a critical period of de-
velopment, it is apparent that these children can
perceive pain [7]. Considering that the tactile sense
threshold is lower, and the descending inhibitory
pathways are immature, premature infants, espe-
cially extremely premature infants, are even more
sensitive to painful stimuli [22].

Early life pain in newborns has long-term ef-
fects on both the developing brain and the nervous
system. Experimental studies on animals have es-
tablished that chronic stress in the mother during
pregnancy causes excitotoxic brain damage in new-
born mice [20]. In addition, several studies that
attempted to create an environment aimed to reduce
stress in premature infants showed improved short-
term and long-term outcomes [5, 6]. Excessive pain
can alter the structure and function of the develop-
ing brain in premature infants by contracting the

white matter and the subcortical gray matter [8].
Therefore, such adverse effects may be associated
with subsequent changes in the 1Q levels of school-
children, which are mediated by microstructural
changes in the brain [23]. Smith et al. [21] demon-
strated that premature infants are exposed to many
potentially stressful factors. The increased exposure
to these factors in RICU is associated with de-
creases in the sizes of the frontal and parietal brain
regions and changes in the microstructure in the
temporal lobes. Also, developmental psychomotor
disorders have been associated with early exposure
to stress [21].

The study aims to assess pain intensity in ex-
tremely premature infants who require respiratory
support during the early neonatal period and estab-
lish its effect on child development by the end of
the first month of life.

MATERIALS AND METHODS

A non-randomized controlled comparative co-
hort study was performed from December 2018
to December 2019. The study included 92 ex-
tremely premature infants in the neonatal RICU
of the V.N. Gorodkov Ivanovo Research Institute
of Maternity and Childhood, the Ministry of Health
of Russia. The study was approved by the local
Ethics Committee (Protocol No. 2 of November 24,
2018), and the infants’ parents signed a voluntary
informed consent to participate in the study.

The study included children with respiratory dis-
tress syndrome, with a gestational age of 29 [range,
27-31] weeks and birth weight of 1150 [range,
875-1400] grams. All children received respiratory
support in the early neonatal period, namely con-
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tinuous positive airway pressure (CPAP) therapy or
invasive artificial pulmonary ventilation (APV) [2].
The exclusion criteria for the mother were nar-
cotic drug intake and alcohol abuse during preg-
nancy. Exclusions for the child were the presence
of congenital malformations and diseases requiring
surgical intervention, and severe hemorrhagic le-
sions of the CNS (degree III-IV intraventricular
hemorrhage), and degree IIl cerebral ischemia in
the early neonatal period, a change in the strat-
egy of respiratory support. All children enrolled in
the study had a NEOMOD score of 2 [range, 1-3]
points to remove the influence of comorbidity and
the presence/progression of multiple organ failure
on pain intensity [15].

The degree of respiratory impairment was mea-
sured using the Silverman scale. The duration of re-
spiratory support was also assessed. The follow-up
of children was performed daily, including clinical,

Characteristics of the examined preterm infants
XapakTepuctuka o6cnefoBaHHbIX HOBOPOXAEHHbIX

laboratory, and instrumental assessment of the state
of organs and systems. Neuromuscular and physical
maturity was assessed using the Ballard Scale on
the first day of life and then every seven days until
the end of the neonatal period. The pain level was
assessed daily using the modified EDIN6 (Echelle
Douleur Inconfort Nouveau-Né¢é, 6) pain and dis-
comfort scale in newborns [12, 19]. The number
of manipulations performed was also counted daily.
On day seven of life, children underwent an assess-
ment of anthropometric data and neuromuscular and
physical maturity according to the Ballard Scale.

Concerning the various methods of respiratory
support, newborns were distributed into two groups.
Group I consisted of 34 children who underwent
invasive APV, and group Il included 58 newborns,
where CPAP therapy was used.

Table 1 presents the characteristics of the groups.
The patients were comparable regarding anthropo-

Table 1 / Tabnuya 1

. Group I / I'pynma [ Group II / I'pynma 11

Indications / [Toka3atenu (n=34) (n = 58) P
Female/r{lale, n/ } 15/19 30/28 B
XKeHckuit/MyxKCKoi o, n
Gestational agf:, weeks / 29 [26: 31] 29 [28: 31] 0.081
I'ecrannoHHbBIN BO3pacT, HEll.
Weight, g / 1120 [865; 1390] 1160 [875; 1400] 0.320
Bec tena npu poxaenuu, r
Length, cm / 36 [33; 39] 37 [34; 40] 0.071
Hnuna, cM
Head circumference, cm / 26 [24: 28] 27 [25: 28] 0.067
OKpy»KHOCTb TOJIOBBI, CM
Without prevention of RDS, n / be3 npopunakruku 16 (47.0%) 23 (39.7%) 0.480
PECIMPaTOPHOTO IUCTPECC-CUHPOMA I1JI0J1a, 71
Apgar score for 1 min, points /V 473 5] 474 5] 0078
OreHka mo nikaie Anrap Ha 1-if MuHyTe, 6ai
Apgar score for 5 min, points / . .
Omerka 1o mkane Anrap Ha 5-ii MuUHyTe, 0ait >[4 6] 6 [5: 6] 0.001
Score for scale Silverman, points / 6 [6: 7] 5 [5: 6] 0.001
Omenka no mkane CuibBepMana, 6ann
Total time of primary resgscnatlon, min / 10 [10: 12] 5 [5: 10] 0.001
JUINTEeIbHOCTh MIEPBUYHON peaHUMALUU, MUH
FiO, .. when performing respiratory support
in the delivery room / FiO,  mpu nposeeHuu 0.42 [0.3; 0.5] 0.21 [0.21; 0.3] 0.001
pecrnupaTOpHOH MOJICPKKU B POIAMILHOM 3aile

Note. FiO, _ — the maximum fraction of oxygen in the oxygen-air mixture.

Ilpumeuanue. FiO,  — MakcuManbHas Gpakuus KMCIOPOIA B KUCIOPOAHO-BO3AYIIHON CMECH.
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metric parameters, gestational age, and antenatal
prevention of fetal respiratory distress syndrome.
The mothers’ medical history was also comparable.
Newborns of group I had a lower Apgar score at
minute five (p =0.001) and a higher score on the
Silverman scale, which indicated that they had se-
vere respiratory failure (p = 0.001).

Primary resuscitation care in the delivery room
was provided according to current recommenda-
tions [2, 3]. In group I children, exogenous sur-
factant was administered through an additional port
on the endotracheal tube in the delivery room. In
contrast, the less invasive surfactant administration
was used for children in group II.

Statistical data processing was performed using
the Statistica v. 10.0 software package (Statsoft Ink,
USA), the Open Epi system (http://www.openepi.com).
Quantitative characteristics were presented as
Me [Q,; O] for nonparametric samples and M + m
for parametric samples. The normal distribution
of attribute values was tested using the Shapiro—
Wilk W-test. The differences were assessed by the
Mann—Whitney test for unconjugated samples, and
Fisher’s exact test was used for small samples. Cor-
relation analysis was performed using Spearman’s
correlation coefficient. Differences were considered
statistically significant at p < 0.05. The influence of
individual risk factors on the studied groups was
assessed by calculating the odds ratio (OR) with
a 95% confidence interval (95% CI).

RESULTS

Analysis of primary resuscitation measures in
the delivery room in children of group I revealed
a significantly longer duration of primary resusci-

tation measures (p = 0.001). For children of group
I from the first minutes of life, APV was started
through an endotracheal tube, and CPAP was per-
formed for the group II children. With respiratory
support in newborns of group I, a significantly
higher (p = 0.001) maximum oxygen fraction in the
oxygen-air mixture (FiO, ) was required. No chil-
dren in either group required closed-chest cardiac
massage or medication.

Upon admission to the RICU, all children con-
tinued respiratory therapy, the parameters of which
are presented in Table 2. The maximum oxygen
concentration in the oxygen-air mixture during APV
in children of group I was statistically significantly
higher (»p =0.001) than those in group II. Also,
children in group I had a significantly longer du-
ration of respiratory support (p =0.001) than in
children in group II.

Suppression syndrome was registered in the neu-
rological status of children in both groups. The
majority (67.6% in group I and 60.3% in group II)
of infants had a delay in neuromuscular and physi-
cal development (p > 0.05) on the initial assess-
ment with the Ballard Scale. Development corre-
sponding to the gestational age was only 26.5%
of newborns in group I and 29.3% in group IIL
The level of development exceeding the gesta-
tional age was registered in 5.9% of newborns
in group I and 10.3% of patients in group II
(» > 0.05).

From day 14 of life, newborns in group I had a
statistically significant delay in neuromuscular and
physical development according to the Ballard scale
(p = 0.002). This tendency persisted until the end
of the neonatal period (p = 0.001) (Fig. 1).

Table 2 / Tabauuya 2

The parameters of respiratory support for premature infants in the NICU in the early neonatal period
MapameTpbl pecnupaTopHOM NOAAEPXKM FNMyOOKO HEAOHOLWEHHbIX HOBOPOXAEHHbIX B OTAENIEHUM peaHuMaLuun
M UHTEHCMBHOM Tepanuu B paHHEM HeOHaTalbHOM nepuoae

. Group I / I'pynna I Group II / I'pynma 11
Indications / [Tokazarenu (n = 34) (n = 58) P
Fio, . 0.42 [0.3; 0.65] 0.25 [0.21; 0.3] 0.001
V,ml/V M1 7 [6; 10] - -
MAP, cm H,0 / MAP, c¢M Box. CT. 9 [8; 10] 6 [6; 7] 0.001
Duration of respiratory support, hours / 185 [96; 297] 72 [48; 92] 0.001
JUINTENIBHOCTD PECIIMPATOPHON HOIICPKKH, U

Note. FiO

2 max

airway pressure.
Ipumeuanue. FiO

2 max

HBIl 00beM; MAP — cpenHee aBiieHHE B ABIXATEIbHBIX My TAX.

te

— the maximum fraction of oxygen in the oxygen-air mixture; Vtc — expiratory respiratory volume; MAP — average

— MaxkcuMalbHas Qpaknus KHCIOPoaa B KHCIOPOAO-BO3AYIIHON cMecH; V, — SKCHUPATOPHBIN ABIXaTEb-
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—-Group | / Tpynna |

21 28

Group Il / Tpynna Il

Fig. 1. Dynamics of neuromuscular and physical maturity
in preterm infants according to the J. Ballard scale

Puc. 1. AuHamMuka HelpOMbIWEYHOW U (U3UYECKON 3penocTu
Yy IY60KO HeAOHOLIEHHbIX HOBOPOXAEHHbIX MO LWKane
J. Ballard

The pain level on the first day of life was 7
[range, 7-9] points in group I and 7 [range, 6-9]
points in group II (p > 0.05), which is interpreted
as moderate pain. The daily assessment of pain
intensity in extremely premature infants throughout
the early neonatal period is presented in Fig. 2.

In the first two days, the pain level in patients of
both groups was also statistically indistinguishable
(p > 0.05). The maximum pain intensity in children
of the group I was noted on the third day of life,
and the EDING score was 9. Starting from the third
day of life until the end of the early neonatal pe-
riod, the intensity of pain was significantly higher
in children of group I (p <0.05).

When analyzing the frequency of painful manip-
ulations, children of group I in the early neonatal
period underwent a significantly greater number of
manipulations (20.8 = 2.14 manipulations per day
in group | versus 17.7 £2.05 manipulations per
day in group II; p=0.016) that caused pain or
exerted stress. The most frequent procedures (% of
the total number of manipulations) causing acute
pain in extremely premature infants were chang-
ing baby linens and diapers (43%), changing body
position (21%), puncturing the skin for taking tests
(12%), manipulations for correct fixing the inter-
face to provide CPAP therapy (9%), cleaning the
trachea (6%), weighing (4%), cleansing the oral
cavity and nasal passages (4%), inserting a naso-
or orogastric tube for feeding children (3%), and
others (10%). In addition, all newborns experi-

Days / Cytkwu

2

3 4 5 6 7
Points (Me) / bannbl (Me)

M Group Il / Tpynna I

8

Group | / Tpynna |

Fig. 2. Pain level on the EDING scale in preterm infants in the
early neonatal period

Puc. 2. YposeHb 60onn no wkane EDIN6 y rny6oko HepoHo-
WEHHbIX HOBOPOXAEHHbIX B PaHHEM HeOHaTa/lbHOM
nepuoge

enced the background effects of pain and/or stress
during respiratory support using CPAP or APV.
Depending on the group, these effects occurred
from the placement of an endotracheal tube for
APV in children of group I, the constant presence
of an orogastric tube during respiratory support,
continuous infusion through the deep venous line,
and phototherapy.

The analysis of respiratory support revealed that
in those children who, during APV (group I) re-
quired a mean airway pressure (MAP) of 10 cm
H,O or higher [n=6 (17.6%)], the pain level was
11 [range, 10—11] points, which meets the criteria
of severe pain on the EDING6 scale and is signifi-
cantly higher (p = 0.001) than in children on APV
with a MAP lower than 10 cm H,O (Fig. 3).

It was established that in children who required
a MAP level of 6.5 ecm H,O or higher [n=9
(15.5%)] for CPAP therapy, the pain level was re-
corded as an 8 [range, 7-9] points, the highest in
the group, and met the criteria for moderate pain
(Fig. 4).

Monitoring children over time showed that at
the end of the neonatal period, body weight was
1450 [range, 1130-1610] g in children of group I,
and 1520 [range, 1150-1650] g in children of
group II (p > 0.05); body length of newborns was
35 [range, 31-38] c¢m in group I and 36 [range,
31-39] cm in children of group II (p > 0.05);
head circumference was 28 [range, 27-31] cm in
children of group II, and 27 [range, 26-29] cm
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Pain level (Me), points /
YpoBeHb 6onu (Me), 6annbl
o
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Fig. 3. The level of pain in preterm infants with mechanical
ventilation (group |) depending on the MAP
Puc. 3. YposeHb 60onmn y perteir, kotopbiM nposoautca UBJI

(I rpynna), 8 3aBucumoctu ot MAP

in children of group I (p =0.043). A statisti-
cally smaller head circumference in children of
group I at the end of the neonatal period may in-
dicate significant influences of various factors ac-
ting in the early neonatal period (the presence of
invasive ventilation, duration of APV, FiO,  du-
ring respiratory support, others), including the pain
intensity.

An inverse correlation was revealed between the
average number of manipulations in the early neo-
natal period in extremely premature infants of both
groups and the head circumference by day 28 of life
(R =—-0.64; p = 0.004), and an inverse relationship
between the average number of manipulations in
the early neonatal period in extremely premature
infants of both groups with a Ballard Score on
day 28 of life (R =-0.57; p=0.008).

DISCUSSION

Within the implementation of the concept of de-
veloping care for extremely premature newborns,
much attention is paid to preserve the child’s life
successfully and reducing the incidence of late de-
velopmental disorders. Also, the influence of ma-
nipulations and actions of medical personnel dur-
ing the first days of life affect long-term disease
outcomes.

The study results demonstrated that the total
number of painful procedures during the early neo-
natal period in extremely premature infants who
received respiratory support averaged 18.8 + 1.6 per
day. The results obtained are comparable with the
results of other authors, demonstrating that new-
borns can experience 10—18 painful manipulations
per day [9, 11]. Although many procedures that
we consider painful (diaper change, skin treatment
in cases of local infection, use of nasal cannu-

Pain level (Me), points /
YpoBeHb Gonu (Me), 6annbl

O = N W B~ Ul Oy 1 o

MAP 26,5 cm H,0 /
MAP=6,5 cm Bog. CT.

MAP <6,5 cm H,0 /
MAP<6,5 cm Bog. CT.

The level of pain in preterm infants with CPAP
(group Il) depending on the MAP

Puc. 4. YpoBseHb 60nu y peteit, nonyyatowmx CPAP (Il rpynna)
B 3aBucumoctu ot MAP

Fig. 4.

las) are common in the neonatal RICU and most
often are not defined as stressful by most doc-
tors, their ability to influence other outcomes, in
particular, the psychoneurological development
of the child, must be considered in the future
[1, 18, 25].

Particular attention should be paid during the
first two days of life since there was no signifi-
cant difference in pain intensity in children of
both groups. The maximum pain intensity was
noted in all children on the third day of life.
Therefore, during the first two days of life, in
extremely premature infants, protective mecha-
nisms are activated, including the production of
opioid peptides with analgesic and sedative effects
and the presence of endogenous glucocorticoids
[4, 14, 16]. However, in the presence of severe
pathology, compensatory mechanisms are quickly
depleted, and the pain intensity increases. The
concentrations of endogenous active substances in
extremely premature infants requiring respiratory
support decrease over time. Therefore, one of the
main tasks of the RICU personnel on the third
day of life consists of controlling pain intensity
by expanding the measures aimed at eliminating it
[14, 16].

By the end of the early neonatal period, pain in-
tensity tended to decrease in both groups (p = 0.003
and p = 0.001, respectively). In contrast, the mean
values in group II on the seventh day of life bor-
dered moderate and minimal pain levels. This
result is probably due to the stabilization of pa-
tients and regression of the primary pathological
process during therapeutic measures by the end of
the early neonatal period. In children who under-
went invasive APV, the intensity of pain, starting
from the third day of life, was significantly higher
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(p =0.001) than in newborns on CPAP therapy. Dif-
ferences were revealed in pain intensity depending
on the average airway pressure.

We believe that in the presence of signs of se-
vere pain (an EDING6 score greater than 10 points),
both drug and non-drug methods of analgesia must
be used to eliminate it [10, 16].

In children who required the MAP level of
6.5 cm H O or higher during CPAP therapy, pain
intensity was recorded as the highest in the group
(“moderate” pain on the EDING6 scale). This can
be explained by the negative effect of high flow
and medium pressure on irritated receptors of the
nasal passages [16].

When assessing neuromuscular and physical
maturity according to the Ballard Scale (Fig. 1),
a minimum increase (p =0.047 in group I and
p=0.031 in group II) in points was registered
in both groups by the end of the early neonatal
period. This increase might be explained by the
severity of the condition in children requiring in-
tensive care. Also, there was further significant
(p =0.001 in both groups) improvement in devel-
opment by day 28 of life. According to the results
of the correlation analysis, many manipulations
performed by extremely premature newborns con-
tributed to a decrease in the increment in head cir-
cumference and a reduction in neuromuscular and
physical development by the end of the neonatal
period. Studies have revealed [13] that stressful
events predict poorer development of motor skills,
strength, and orientation in premature infants. Many
painful procedures were directly associated with
the subsequent decrease in head circumference
growth and brain function in extremely premature
infants. Also, recurring pain during the stabiliza-
tion period can activate a stress signaling cascade
that affects subsequent growth and development
[24, 25]. The revealed differences in anthropomet-
ric parameters and the dynamics of neuromuscular
and physical development (according to the Ballard
Scale) of the newborns examined, depending on the
pain level, will be necessary for the further neu-
ropsychic development of an extremely premature
child.

Based on the study, we calculated the risk of
slowing down neuromuscular and physical devel-
opment by day 28 of life in extremely premature
infants who require respiratory support. When the
number of painful manipulations during the early
neonatal period exceeds 21 procedures per day, the
risk of delayed development in a child increases
by more than 3.5 times (p =0.009; OR =3.68;
Cl=1.12-8.36).

CONCLUSIONS

1. The total number of painful manipulations in
extremely premature infants requiring respiratory
support is 18.8 £ 1.6 per day. The maximum pain
intensity in the early neonatal period is typical for
three days of life when most invasive procedures
are performed.

2. Pain intensity in extremely premature infants
requiring respiratory support is moderate, with the
maximum EDIN6 score in infants requiring inva-
sive APV.

3. MAP is one of the main factors determin-
ing pain intensity in extremely premature infants
who require respiratory support. When conducting
invasive APV, the “critical” MAP value is consid-
ered to be 10 cm H,O or higher, and in patients
who received CPAP therapy, it was 6.5 cm H,O
or higher.
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The results of investigation of features of morphofunctional state of cardiovascular system in adolescents with manifesta-
tions of metabolic syndrome depending on presence of hyperuricemia are presented. In the cardiorheumatology depart-
ment of the hospital, 34 adolescent patients were observed. Criteria for inclusion in the study: the presence of increased
blood pressure levels, increased body mass index values. Depending on serum uric acid levels, patients were divided
into two groups: group 1 - patients without hyperuricemia (n=18) and group 2 - patients with hyperuricemia (n= 16).
Functional diagnostic methods were used: standard 12-channel electrocardiography, transtoral echocardiography, daily
Holter monitoring. The main attention was paid to the study of the parameters of the left ventricle. Student’s t-test was
used to determine the significance of the differences, the results at p < 0.05 were considered reliable. It was established
that adolescents with hyperuricemia were more often diagnosed with primary and secondary arterial hypertension, less
often with labile arterial hypertension and autonomic dysfunction syndrome by hypertensive type, and adolescents without
hyperuricemia were equally often diagnosed with primary arterial hypertension and labile arterial hypertension, autonomic
dysfunction syndrome by hypertensive type. Signs of left ventricular remodeling according to echocardiography were more
often noted in boys without hyperuricemia (62.5% of cases) than in girls without hyperuricemia (10%; p < 0.01) and in boys
with hyperuricemia (26.7%; p > 0,05). The findings indicated more significant changes in the morphofunctional state of
the cardiovascular system in adolescents with hypertensive conditions and manifestations of metabolic syndrome without
hyperuricemia, which requires further study.

Keywords: cardiovascular system; morphofunctional state; adolescents; metabolic syndrome; hyperuricemia.
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lMpepcTaBneHbl pesynbTaTbl UCCNenoBaHns ocobeHHocTelr MOPOODYHKLMOHANBHOIO COCTOSHUS CepLeYHO-COCYAUCTOM
CUCTEMbI Y NMOAPOCTKOB C MPOSBAEHUSMM MeTabonM4yeckoro CMHAPOMA B 3aBUCMMOCTU OT HalMUuuUs TUNEPYPUKEMUM.
B kapavopeBMaTonornyeckom oTaeneHuMu Habnwpanu 34 nauMeHTa NOApPOCTKOBOro BO3pacTa. Kputepuu BKAKOYEHMS
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B MCCNELO0BaHME: HaJMuMe MOBbIWEHHbIX 3HAYEHUI YPOBHS apTepuanbHOro AABAEHWS WM MHAeKca Macchl Tena. B 3a-
BMCMMOCTM OT 3HAYEHWI YPOBHS MOYEBOM KMC/OTbl B CbIBOPOTKE KPOBM NaLMeHTbl GbliM pasaeneHbl Ha [ABe Tpynmbl:
rpynna 1 — naumeHTbl 6e3 runepypukemumn (n=18) u rpynna 2 — nauueHTbl ¢ runepypukemuent (n=16). Mcnonb3osa-
NMcb GYHKLMOHANbHblE MeTOAbl AMArHOCTUKM: CTaHAapTHas 12-kaHanbHas 3nekTpokapauorpadus, TpaHCTOpakanbHas
IXoKapauorpadus, CyTOYHOE XONTepoBCKOe MOHUTOpMpoBaHue. OCHOBHOE BHWMaHWe YAEeNsSAu WM3yYeHW napaMeTpoB
IeBOro xenypouka. [lng onpepeneHns 3Ha4MMOCTU pasnnyunin UCNoNb3oBanu t-kputepuit CTbloLEeHTa, LOCTOBEPHbIMU CYU-
Tanu pesynbratbl npu p < 0,05. YcTaHOBNEHO, YTO Yy NOAPOCTKOB C FMMNEpypUKEMUEN Yalle AMArHOCTUPOBANW NEPBUYHYHO
M BTOPUYHYIO apTepuanbHYl TMNEPTEH3UI0, pexe — NabuabHY0 apTepuanbHY FTMNEepTeH3MI0 U CUHAPOM BereTaTUBHOWM
OUCOYHKLMM MO TMNEePTOHMYECKOMY TUMY, @ Y NOAPOCTKOB 6€e3 runepypuMkeMmun oLMHAKOBO 4acTO AMArHOCTMPOBANMU nep-
BMUYHYIO apTepuanbHyl0 TMNEPTEH3UI0 M NabuUNbHY0 apTepuanbHY0 TMNepTeH3ul, CMHAPOM BereTaTMBHOM AUCHYHKLMK
no runepToHUYeckoMy Tuny. Y ManbuukoB 6e3 runepypukemMuu npeeanvpoBana nabunbHas apTepuanbHas runepreHsus,
a y LeBoYyeK — CMHAPOM BeretaTMBHOM AUCHYHKLMM MO rMnepToHMYeckoMy Tuny. Mpu3HakM peMofenvpoBaHUs NeBoro
Xenynoyka rno AaHHbIM 3xoKapauorpaduum yauie oTMeyanu y Manbunkos 6e3 runepypukemun (62,5 % cnydyaes), uem y ne-
Bouek 6e3 runepypukemun (10 %; p<0,01) u y mManbunkoB c runepypukemuein (26,7 %; p > 0,05). NMonyyeHHble AaHHbIE
CBMAETENbCTBYIOT O 6oNee 3HAUYMMbIX M3MEHEHUSIX MOPHOPYHKLMOHANBHOTO COCTOSIHUS CepAEeYHO-COCYANUCTON CUCTEMDbI
Yy NMOAPOCTKOB C FMNEPTEH3UBHBIMU COCTOSHUAMM U NPOSBAEHUAMKU MeTabonnyeckoro cuHapoma 6e3 runepypukemMuu, 4To
TpebyeT fanbHeNMWero usyyenus.

KnwoueBble cnoBa: cepaedyHo-cocyamncTaa CUCTeMa, MOpCbObeHKLI,IAOHaﬂbHOE COCTOAHME; NOAPOCTKMH, MeTabonuyeckui

CUHAPOM; TUTEpypUKEMMUS.

BACKGROUND

Arterial hypertension is recognized as a compo-
nent of metabolic syndrome (MS) in the adult popu-
lation and is considered a significant and independent
risk factor for cardiovascular pathology [2]. The ur-
gency of this problem has recently prompted studies
of MS-associated comorbid conditions in adolescents,
despite numerous disagreements and disputes over
the diagnostic criteria for MS and its clinical sig-
nificance [3, 4, 12]. The concept of MS has not
been specified in the ICD-10 and is not subject to
statistical accounting. However, in real life, it is
constantly discussed by doctors and the population
regarding preventing adverse medical consequences,
such as atherosclerosis and type 2 diabetes mellitus.
MS is considered a “disease of abundance,” which
clinically presents as obesity with dyslipidemia and
arterial hypertension. At the same time, hyperurice-
mia in adults is recognized as an integral component
of MS since it is often combined with insulin resis-
tance and lipid metabolism disorders [13]. Evidence
indicates that arterial hypertension and abdominal
obesity in adolescents contribute to the deterioration
of cardiovascular system functional characteristics.
This deterioration manifests as an increase in the
frequency of left ventricular myocardial remodeling
in the form of concentric hypertrophy with initial
manifestations of diastolic dysfunction [14]. The ef-
fect of hyperuricemia in adolescents with MS on the
cardiovascular system morphofunctional parameters
has not been adequately studied.

This study aims to determine the aspects of the
cardiovascular system morphofunctional condition
in adolescents with manifestations of MS, depen-
ding on the presence of hyperuricemia.

PATIENTS AND METHODS

From 2018 to 2019, 34 adolescent patients
(M +0=15.4+1.9 years) were under follow to up
in the cardio-rheumatology department of St. Pe-
tersburg St. Mary Magdalene Children’s City Hospi-
tal No. 2 (chief physician A.G. Mikava). They were
consistently admitted for examination and treatment
of increased blood pressure (BP) values.

The criteria for enrolling patients in the study
were elevated BP values and increased body mass
index (BMI) values.

The decision about the increase in BP was made
considering the clinical recommendations “Arte-
rial hypertension in children” of the Ministry of
Health of the Russian Federation (2016) [6]. The
systolic (SBP, mm Hg) and diastolic blood pres-
sure (DBP, mm Hg) were determined based on the
centile distribution of the patient’s height. The as-
sessment categories were defined in points, where
0 conditional points indicated normal BP, 1 point
meant high normal BP, and 2 points implied arte-
rial hypertension. Body weight was measured and
assessed by height (in points according to centile
tables). Height was measured and determined by
patient age (in points according to centile tables),
and BMI (kg/m?) was calculated. BMI values were
considered increased if they were not lower than
the 75 centile level, corresponding to assessments
of 6, 7, or 8 points.

Depending on the values of uric acid levels in
the blood serum (more than 400 umol/L for boys
and more than 300 umol/L for girls), the patients
were distributed into two groups: group 1 con-
sisted of patients without hyperuricemia (n = 18;
52.9%) and group 2 included patients with hy-
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peruricemia (n = 16; 47.1%). Although the groups
were comparable regarding age, they had gen-
der differences, as boys comprised the majority
(n=23; 67.6%).

All patients underwent general clinical blood
and urine tests; biochemical blood test with the
determination of parameters of fat and carbohy-
drate metabolism [cholesterol, low-density lipopro-
teins (LDL) and high-density lipoproteins (HDL),
atherogenic index, triglycerides, glucose], with an
assessment of the thyroid profile [total T3, free T4,
thyroid-stimulating hormone (TSH)]. Additionally,
the blood levels of creatinine and cortisol were
determined.

The examination protocol included functional
and radiation diagnostic methods, namely standard
12-lead electrocardiography (ECG) (Shiller and
Fucuda), transthoracic echocardiography (Echo-CG)
(Toshiba Aplio500CV and Vivid 7 Pro), 24-hour
Holter monitoring (HM), ECG (Kardiotehnika
07 Inkart), ultrasound examination (US) of the
thyroid gland and abdominal organs, and exami-
nation of the fundus. When analyzing the ECG to
determine the signs of left ventricular myocardial
hypertrophy (LVMH), the Sokolow—Lyon index was
also determined. The percentile distribution of the
Echo-CG values was determined depending on
body weight according to the tables of Belozerov
and Bolbikov [1] and expressed in points. At the
same time, the evaluation of echo-CG indicators of
1 point corresponding to values less than 3 percen-
tiles, 2 points corresponding to values from 3 to 10,
3 points corresponding to values from 10 to 25,
4 points corresponding to values from 25 to 50,
5 points corresponding to values from 50 to 75,
6 points corresponding to values from 75 to 90,
7 points corresponding to values from 90 to 97,
and 8 points corresponded to values more than
97 percentiles. The mean values of the echo-CG
parameters and their percentile distribution were
calculated depending on the body weight in the
patient groups.

Considering that in adolescents, arterial hyper-
tension and abdominal obesity (as components of
MS) contribute to the deterioration of the func-
tional characteristics of the cardiovascular system,
which is primarily manifested by remodeling of
the left ventricle (LV), most attention was paid to
echo-CG parameters of the LV. The end-systolic
(ESD, c¢m) and end-diastolic (EDD, cm) dimensions
of the LV were measured and evaluated. The LV
myocardium mass (LVMM, g), LV myocardial mass
index (LVMMI, g/m?), the thickness of the inter-
ventricular septum (IVS, mm), the thickness of

the LV posterior wall (LVPW, mm), and the LV
wall relative thickness (LVWRT) were evaluated
[9, 16]. The echo-CG criterion for LVMH in boys
was considered to be LVMMI at least 47.58 g/m?,
and in girls, these were LVMMI values of at least
44.38 g/m?, corresponding to the value of the 99th
percentile of the population distribution curve of
LVMMI. Variants of LV myocardial changes (norm,
concentric remodeling, concentric hypertrophy,
eccentric hypertrophy with or without dilatation)
were assessed according to the echo-CG indicators,
namely LVMM (LVMMI), LVWRT, ESD, and EDD
of the LV [6].

Based on generally accepted diagnostic criteria,
the patients were diagnosed with essential (primary)
arterial hypertension (ICD-10 code 110); symptom-
atic (secondary) arterial hypertension in relation
to endocrine disorders (ICD-10 code 115.2); labile
arterial hypertension, and autonomic dysfunction
syndrome of the hypertensive type (the latter are
not defined by ICD-10 as independent nosological
units).

Data collection, storage, and primary grouping
were performed using MS Office tools. Also, statis-
tical data analysis was performed. The incidence of
the attribute, the mean value of the indicator (M),
and the standard deviation (o) were calculated.
Considering the normal distribution of the sample
(quantitative data were checked for normality of
distribution using the Shapiro—Wilk test), Student’s
t-test was used to determine the significance of
differences. The results were considered significant
at p <0.05.

RESULTS AND DISCUSSION

Analysis of the gender composition of patients
in groups revealed that in group 1, the quanti-
ties of boys and girls did not differ significantly
(p > 0.05). In contrast, in group 2, boys represented
the absolute majority (93.8%; p < 0.05), confirm-
ing known data on the prevalence of males among
patients with hyperuricemia [5]. The average age of
boys in the groups did not differ significantly, just
as the average age of boys and girls in group 1
did not differ significantly (Table 1).

When studying the absolute and relative values
of anthropometric indicators in the patient groups,
boys in group 2 were taller without differences in
its relative values (Table 2).

An analysis of the established clinical diagno-
ses showed that primary arterial hypertension was
diagnosed more often in group 1 than in group
2. In contrast, secondary arterial hypertension was
diagnosed more often in group 2. Labile arterial
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Sex composition and mean age of patients in groups
MonoBoW cocTaB U CpefHMIt BO3PACT NAaLMEHTOB B rpynnax

Table 1 / Tabnuya 1

Sex composition and average age of patients / Group 1 / I'pynma 1 Group 2 / I'pynma 2
ITonoBoii cocTaB U cpeHUM BO3pACT MALUEHTOB (n=18) (n=16)
Boys / Manbuuku, 1eT 8 (44.4%) 15 (93.8%)
Girls / JleBoukwu, et 10 (55.6%) 1 (6.2%)
Middle age, boys / MaapunKH 153+19 16.2+ 0.9
Zzzlr;gi[;?(;ffe;lmn girls / neBouku 14.6 £2.5 14

Table 2 / Tabauua 2

Absolute and relative values of anthropometric measures and blood pressure in boys and girls of observed groups
ABCONOTHbIE U OTHOCUTENIbHbIE 3HAYEHMS aHTPONOMETPUYECKMUX MOKa3aTenen u apTepmManbHOro 4aBNEHUS Y MaNIbYNKOB

u LeBoYyek HabAAEMbIX TPyMN

Group 1 / I'pynmna 1 Group 2 / I'pynmna 2
Indicators / Ilokasarenu boys / ManpuHKH girls / neBouku boys / MaTpuUUKU girls / neBouku
(n=218) (n=10) (n=15) n=1)
Body weight, kg / 86.1 £13.8 711 £21.1 92.5+15.2 127
Macca Tena, Kr
Body weight estimate by height, point / 6.6 +0.7 6.0+ 1.2 6.6+ 1.1 7
OreHka Macchl Tela Ho pocTy, 6a
Height, cm / PocT, cm 171.9+5.9 163.0 £ 11.6 178.6 + 6.6* 170
Age growth score, point / 50£24 57+14 55+ 1.6 6
OueHka pocTa 1Mo Bo3pacTty, 0amn
BMI (kg/m?) / 29.4+5.4 26.0+5.3 29.1 +4.1 43.8
WHpeke Maccsl Tena, Kr/m?
BMI assessment, point / 7.8 +£0.5 73+£1.0 7.5+ 1.0 8
OueHKa HHAeKca Macchl Tena 0ast
Assessment of systolic blood pressure 2+0 1.6 +0.8 2+£0 2
level, conditional point / Onenka ypoBHs
cucronuueckoro AJl, yci. 6amnn
Assessment of diastolic blood pressure 1.5+0.8 1.4+0.8 1.7+ 0.6 2
level, conditional point / Onieka ypoBHs
nuactonmdeckoro AJl, yci. Gamn

*t=2.4; p<0.05 (Student ratio and rate of difference between Group 1 and Group 2 boys).
*t=2,4; p<0,05 (xkoappunment CThIOAEHTA U YPOBEHb PA3JINYHUil TOKa3aTels MeX/1y MaJIbUYUKaMU I'PYHIBl | U TPyNIIH 2).

hypertension was detected more often in boys of
group 1 than in boys of group 2. The autonomic
dysfunction syndrome of the hypertensive type was
detected more often in girls of group 1 (Table 3).

The data obtained indicate that among patients
of group 2, primary and secondary arterial hyper-
tension prevailed in relation to labile arterial hy-
pertension and autonomic dysfunction syndrome
of hypertensive type., Among patients of group 1,
there was an equal ratio of primary arterial hy-
pertension (50% of cases) and labile arterial hy-
pertension, autonomic dysfunction syndrome of the
hypertensive type (50% of cases in total). In boys
of group 1, labile arterial hypertension prevailed,

and in girls, the autonomic dysfunction syndrome
of the hypertensive type prevailed.

Analysis of complaints presented by boys and
girls in group 1 showed a rarer incidence of vertigo,
25% versus 90% in girls (z=-3.39; p <0.01). Ver-
tigo was clinically assessed as a manifestation of
autonomic dysfunction syndrome, which was sig-
nificantly more common in girls of group 1. Differ-
ences in the frequency of complaints of headaches,
sleep disturbances, and heart failure was not sig-
nificant. An increase in appetite was noted in 75%
of boys and only 30% of girls (z=2.01; p > 0.05).
A decrease in physical performance was revealed
in 25% of boys and 30% of girls. When compa-
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Clinical diagnosis options in boys and girls in observed gro

Table 3 / Tabnuya 3
ups

BapMaHTbI KJIMHUYECKOro AnMarHo3a y Malb4MKoB U AEBOYEK B HabnogaemMbix rpynnax

o . . . Group 1 / I'pynma 1 Group 2 / I'pynma 2
Clinical diagnosis options / - -
BapHaHTsr KAMHITECKHX HATHO30B boys / Manb4uKH girls / neBoukH boys / ManbYuKH girls / neBoukm
n=29) (n=10) (n=15) n=1)
Primary arterial hypertension / 4 (50%) 5 (50%) 3 (20%) 0
TlepBuuHas apTepualibHas THIEPTCH3US
Secondary arterial hypertension / 0 (0%) 0 (0%) 7 (46.7%) 1 (100%)
BropuuHas apTepuaibHas IHIIEPTEH3HUS
Labile arterial hypertension / 3 (37.5%) 1 (10%) 2 (13.3%) 0
JlabunbHas apTepuaIbHasi THIIEPTCH3HS
Autonomic dysfunction syndrome by hy- 1 (12.5%) 4 (40%) 3 (20%) 0
pertensive type / CHHIPOM BereTaTHBHOU
JUCOYHKIMH [0 THIIEPTOHUYECKOMY THILY

Table 4 / Tabnuua 4

Values of biochemical metabolic indices in patients of observed groups
3HayeHUs BUOXMMUMYECKUX MOKa3aTene obMeHa BELWECTB Y NALMEHTOB HabOAAEMbIX Fpynn

Group 1 / I'pynmna 1
Indicators of biochemical blood analysis / P by - r Gro;lpz, 2 Eoys /
IToka3zaTenn GHOXMMUYIECKOTO aHAJIN3a KPOBU boys / ManbaHKH girls / neBouxu Pymna 2, ML

n=29) (n=10) (n=15)
Cholesterol, mmol/L / 44+0.7 47+ 1.0 46+1.2
XomecTepuH, MMOJIB/I
Low density lipoproteins, mmol/L / 21+04 23+07 2.2+0.6
JlunonpoTenibl HU3KOW MIOTHOCTH, MMOJB/IT
High density lipoproteins, mmol/L / 1.4+04 1.3+0.3 1.2+04
JlumonpoTen bl BBICOKOW TIIOTHOCTH, MMOJIB/TT
Atherogenicity factor/ 23+1.0 26+12 29+12
Koaddunuent areporeHHOCTH
Triglycerides, mmol/L / 1.8+0.7 1.4+09 1.4+0.5
Tpurauepuas, MMOJIb/T
Glucose, mmol/L / 52403 4.5 £0.4% 5.0£0.5
T'moko3a, MMOJIB/T
Creatinine, pmol/L / 774 £ 157 62.0+16.4 88.7 £ 11.5
KpeaTHHHH, MKMOJIB/TI

*t=2.4; p<0.001 (Student ratio and rate of difference in group 1 boys and girls)
*t=2,4; p<0,001 (ko3 dunuent CThIOACHTA ¥ YPOBEHBb PA3JINYMil TIOKa3aTeleii y MaJbuMKOB M JCBOYCK IPyMIbI 1).

ring the frequency of complaints of vertigo, head-
aches, sleep disturbances, and heart failure in boys
of groups 1 and 2, no significant differences were
detected. An increase in appetite was registered
in 75% of boys of group 1 and 80% of group 2.
At the same time, a decrease in physical perfor-
mance was noted more often in boys of group 2
(60%) than in boys of group 1 (25%; -1.9;
p > 0.05).

The hereditary burden of cardiovascular pa-
thology was registered equally often in boys of
both groups (62.5% of cases each) and exceed-
ed that value in girls of group 1 (40% of cases;
p > 0.05).

The average values of lipid metabolism in
patients of the groups under study did not dif-
fer significantly. However, the atherogenic index
was higher in boys of group 2, and the level was
higher in boys of group 1 (Table 4). The fasting
blood glucose level in boys of group 1 was within
the normal range but significantly higher than in
girls, indirectly indicating a relative decrease in
glucose tolerance. Increased BP values, increased
blood glucose levels, and obesity are interrelat-
ed components of MS in adolescents [5]. Data
analysis of biochemical metabolism parameters
revealed more distinct changes in boys, as noted
earlier [8].
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Table 5 / Tabauuya 5

Structure and frequency of heart rhythm disorders in patient groups
CTpyKTypa M YacToTa HapyWeHUH puTMa CepALA B rpynnax nauMeHToB

) Group 1 / I'pynmna 1 Group 2 / I'pynna 2
Types of heart rhythm disorders / - ;
Buibl HAPYIICHHA PHTMA CEPIIa boys / ManpuuKH girls / neBoukn boys / MmanpunKH girls / neBouku
n=219) (n=10) (n=15) (n=1)

Sinus tachycardia / 3 (37.5%) 3 (30%) 4 (26.7%) 0
CunycoBas TaxUKapaus
Sinus bradycardia / 2 (25%) 0 1 (6.7%) 0
CunycoBas Opagukapaus
Unstable supraventricular tachycardia /
HeycroliuuBas cynpaBeHTpUKYISIpHAs Taxu- 0 0 1 (6.7%) 0
Kapans
Single ventricular extrasystoles / OquHOYHBIC 1 (12.5%) 0 1 (6.7%) 1 (100%)
XKEJTYI0YKOBBIC SKCTPACHCTOIBI
Transient AV blockade of 1 degree / o 0
TpausurtopHast AB-6nokana 1-if crenenu 0 1 (10%) 1 6.7%) 0

According to the US, signs of fatty hepatosis
were detected in 25% of boys and 10% of girls of
group 1, and 53.3% of boys in group 2 (p > 0.05).
Signs of pancreatic steatosis were revealed in 25%
of boys and 30% of girls in group 1, and 60% of
boys in group 2 (p > 0.05). Signs of hypomotor
dysfunction of the biliary tract were seen in 25%
of boys in group 1 and 66.7% of boys in group 2
(t=2.02; p>0.05). The data obtained indicated
slightly more frequent morphofunctional changes
in the hepato-pancreato-biliary system in boys of
group 2 than in group 1.

The average values of T3, T4, TSH, and corti-
sol in the patient groups were within the normal
range and did not differ significantly. Autoimmune
thyroiditis was diagnosed in one (12.5%) boy of
group 1, and secondary (postoperative) hypothyroid-
ism was diagnosed in one (6.7%) boy of group 2.

Evaluation of ECG signs of LVMH revealed
no significant differences in the values of the So-
kolow—Lyon index in boys and girls of group 1
(27.8+ 7.0 and 29.2+5.6 mm, respectively), as
well as in boys of both groups (27.8 =7.0 and
29.0 £ 8.3 mm, respectively). At the same four
children (one boy and one girl of group 1, and in
two boys of group 2). Moreover, LV myocardial
hypertrophy was confirmed by echo-CG data in
only one patient.

According to the HM ECG data, the average
values of the circadian index in the groups did not
differ significantly. However, the enhanced circa-
dian profile of the heart rate (confidence interval
(CI) > 1.45), indicated the increased sensitivity of

the heart rate to sympathetic influences, was more
often detected in girls of group 1 (50%) than in
boys of group 1 (12.5%; p > 0.05) and group 2
(13.3%; p>0.05). A decrease in CI, which has a
prognostically unfavorable value at a level of less
than 1.22 [10, 11], the so-called rigid circadian pro-
file of heart rate, was noted in one patient (12.5%)
of group 1 with secondary arterial hypertension.

The average values of the minimum heart rate
during the day and at night in the groups of patients
did not differ significantly. This finding partially
coincided with the data of the authors who studied
the heart rate variability in adult patients with ar-
terial hypertension [11]. Cardiac arrhythmias were
more often registered in boys of group 1 (75% of
cases) than in boys of group 2 (53.3%; p > 0.05)
and in girls of group 1 (40%; p > 0.05) (Table 5).
The cardiac arrhythmias identified were primarily
due to an imbalance of the autonomic nervous sys-
tem.

Echo-CG study revealed signs of LVMH in five
(62.5%) boys of group 1, in one (10%) girl of
group 1 (r=2.5; p<0.01), in four (26.7%) boys
of group 2 (p > 0.05), and in one (100%) girl of
group 2. It should be noted that the frequency of
diagnosing LVMH according to ECG and echo-CG
data does not coincide, which coincides with the
data of other authors [7, 15].

Minor heart anomalies (additional LV chord, mi-
tral valve prolapse) in group 1 were detected in
12.5% of boys and 60% of girls (¢ =-2.3; p < 0.05),
and in 33.3% boys of group 2 (p > 0.05). Degree 1
aortic valve (AV) insufficiency of group 1 was di-
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agnosed in one (10%) girl. Degree 1 mitral valve
(MV) insufficiency was diagnosed in three (30%)
girls of group 1 and in six (66.7%) boys of group 2
(p > 0.05). Degree 1 pulmonary artery (PA) regur-
gitation was revealed in one (12.5%) boy and four
(40%) girls of group 1 (p > 0.05), and in seven
(46.7%) boys and one (100%) girl of group 2.

The average values of echo-CG indicators and
their percentile distribution depending on body
weight (in points) in patients of the groups under
study are presented in Table 6.

Evaluation of LV morphological aspects accord-
ing to echo-CG data in boys of groups 1 and 2
(Table 6) revealed significantly higher values of

Table 6 / Tabauuya 6

Mean values and percentiles of echocardiographic scores in boys and girls in observed groups
CpepaHue 3HaYEHUS U NMPOLLEHTUIM 3XOKapAMorpaduyecknx nokasaTenei y MasbuMKoB M LeBOYEK B HAabMO4aEMbIX Fpynnax

. . Group 1 / I'pynmna 1 Group 2 / I'pynmna 2
Indicators and percentiles / - -
[MoKa3aTelnu U UX MPOLEHTHIH boys / manpunku | girls / neBouku | boys / manpuuku | girls / neBouku
(n=28) (n=10) n=15) n=1

Left ventricular anterior wall thickness, mm / 3.8+0.5 3.6+0.5 3.8+04 5.0
TonmuHa nepeaHei CTEHKHU JIGBOTO KEIya04Ka, MM
Right ventricular diameter in diastole, mm / 22+3 24+4 24+4 28
JluaMeTp npaBoro Xeiayaouka B THACTOIY, MM
Thickness of the ventricular septum in diastole, mm / 10.0 0.7 8.1 £0.9%* 9.3+0.9 10
TonuHa MEXKENyI09YKOBON EPEropOIKH
B IUACTOIY, MM
Percentile of the thickness of the ventricular septum, 7.6+ 0.5 6.0 £ 0.9%** 7.0+0.7° 8
point / [TpOLEHTHIIb TOJIIUHBI MEXIKETYI0UKOBOM
MeperopoaKu, 0ant
Left ventricular posterior wall thickness, mm / 99+0.6 8.1 £ 1.1** 94+0.9 12
Tonuiaa 3aHell CTEHKH JIEBOTO JKEIy04Ka, MM
Percentile of left ventricular posterior wall thickness, 7.6 £0.5 6.1 +£1.8% 71+0.6 8
points / IIpOLEHTHIIb TOJIINHBI 3a{HEH CTEHKHU JIEBOT'O
JKemyano4ka, 0anmi
Final diastolic diameter of the left ventricle, mm / 50+4 43 + 3** 48 +3 55
KoHeuHBIH AMacTOINYECKUH AMaMeTp JIEBOTO XKely-
J04Ka, MM
Percentile of left ventricular thickness to diastole, 5.8+ 1.8 3.8+2.5 48+1.7 8
point / TIpOLEHTHIIb TOJIIMHBI JIEBOTO JKEJIy109Ka
B AMACTONY, O0a
Final systolic diameter of the left stomach, mm / 33+2 28 + 2%** 31+ 1% 31
KoHeuHbIl CUCTONMYECKUI THaMeTp JIEBOTO
KETyI04Ka, MM
Left ventricular myocardial mass, g / 184.0 +28.3 108.5 + 24.4%** 162.8 £33.0 2473
Macca MHOKap/a JICBOTo JKejy104Ka, T
Left ventricular myocardial mass index relative to 92.9+15.5 62.5 £ 11.4 *** 77.2 £13.0* 106.1
body area / MHIekec Macchl MHOKapa JIEBOTO XKeIy-
JI0YKa OTHOCHUTEJIFHO IUIOIIAIH Teja
Relative thickness of left ventricular wall / 40+04 3.8+0.5 39+03 4.4
OTHOCHTENbHASI TOJIINHA CTEHKHU JIEBOT'O XKEIYI04Ka
Thoracic aortic diameter, mm / 30+4 27 £ 2% 28 +4 29
JluameTp rpyaHoi aopThl, MM
Percentile of thoracic aortic diameter, points / 6.6+1.8 5.6+1.2 53+22 7
ITpoueHTHIb JUaMeTpa rpyaHOil a0pThl, 6AIIOB
Anterior-posterior size of the left atrium, mm / 36 +2 33 £ 3% 35+3 39
TepenHesanHuil pa3mep JIEBOrO MPEACCPANs., MM
Right atrial anterior-posterior percentile, point/ [Tponen- 79+0.4 74+13 73+1.5 8
THJIb TIEPEIHE3a/THEr0 pa3Mepa JeBOro mpeacepauns, oami
Right atrial diameter, mm / 40+ 4 33 + 5%* 36 +3* 32
JuameTp npaBoro npeiacepiaus, MM
Pulmonary artery diameter, mm / 22+1 20 £ IHx* 21+1° 23
JlnameTp neroyHoi aprepun, MM
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Table 6 (continued) / lpodomweHue mabauysl 6

. . Group | / I'pynmna 1 Group 2 / I'pynna 2
Indicators and percentiles / - -
TloKa3aTen W HX MPOUEHTHIH boys / manpunku | girls / neBoukn |boys / manpuuku | girls / neBouku
n=219) (n=10) (n=15) n=1

Emission fraction, % / ®pakuus BeiOpoca, % 66.0 + 3.6 68.4+3.9 68.3+49 72
Global left ventricular longitudinal deformation, % / 344+ 1.7 372 £3.2% 374 +3.9 41
I'mobanpHas npopoibHas aedopMarus JeBOTro Keiy-
nouka, %
Maximum aortic blood flow rate, m/s / MakcumanbHas 1.2+0.1 1.0 £ 0.1%* 1.1+0.1* 1.1
CKOpPOCTH a0PTaJIbHOI'O KPOBOTOKA, M/C
Pressure gradient on aortic valve, mm Hg / I'paguent 6.7+1.9 5.6+0.6 54+0.6* -
JIaBJICHUS HAa A0PTAJbHbBII KPOBOTOK, MM PT. CT.
Maximum mitral blood flow rate, m/s / Makcumaib- 09+0.2 0.9+0.1 09+0.1 0.7
Hasi CKOPOCTh MHUTPAJIBHOI'O KPOBOTOKA, M/C
Mitral valve pressure gradient, mm Hg / I'pangnent 29+1.0 26+1.1 2.6+0.7 -
JIABJICHUS HA MHUTPAJIbHBIH KPOBOTOK, MM PT. CT.
Maximum pulmonary artery speed, m/s / 1.0£0.1 09+0.1 1.0+0.1 0.8
MakcumalipHasi CKOPOCTh B JIETOYHO apTepuuu, mM/c
Pulmonary artery pressure gradient, mm Hg / 40+0.8 3.3+0.5% 3705 -
I'paIMCHT JaBJICHUS B JICTOYHON apTEPUKU, MM PT. CT.
Maximum tricuspid blood flow rate, m/s / Makcumaib- 0.6=0.1 0.7+0.1 0.7+0.1° 0.9
Hasi CKOPOCTh TPUKYCIHIAJIBHOIO KPOBOTOKA, M/C
Pressure gradient on tricuspid valve, mm Hg / I'paguent 1.4+0.3 2.2 £ Q.44 1.8 +£0.5* 1.0
JIABJICHUS HA TPUKYCIUAAIBHBINH KJalaH, MM PT. CT.
Systolic pressure in the pulmonary artery, mm Hg / 14.8+ 1.0 14.8 £ 0.8 153+ 1.7 16
Cucrosimyeckoe AaBJICHUE B JICTOYHON apTepuu,
MM PT. CT.

* p<0.05; ** p<0.01; *** p <0.001 (level of differences in values of indicators for boys and girls of group 1); * p < 0.05; ** p <0.01
(level of difference of values of indicators in boys of group 1 and group 2).

* p<0,05 **p<0,01; ***p<0,00] (ypoBeHb pa3auuuii 3HAYECHUH MMOKa3aTeJIeN y MaIBUMKOB U JeBodek rpynmsl 1); * p < 0,05;
** p<0,01 (ypoBeHb pas3nuuuii 3HAYEHUH TTOKA3aTeNed Y MaIbYMKOB TPYNIbl | U Tpymms 2).

the percentile of the IVS thickness, LV end-systolic
dimension, LVMM index relative to body area in
favor of group 1, which could indicate the course
of the LV remodeling process. These changes influ-
enced the parameters of the maximum aortic blood
flow velocity and pressure gradient in the AV.
Comparing the average values of echo-CG indi-
cators in boys and girls of group 1 revealed signifi-
cant differences in most of the studied morphologi-
cal and functional characteristics caused by sexual
factors. At the same time, the absence of signs
of systolic dysfunction of the right ventricle was
registered, according to significantly higher values
of fractional changes in the right ventricle area.

CONCLUSION

As a result of the studies, it was established
that adolescents with hyperuricemia were more of-
ten diagnosed with primary and secondary arterial
hypertension and other manifestations of MS, less
often with labile arterial hypertension and the hy-

pertensive type autonomic dysfunction syndrome.
In contrast, adolescents without hyperuricemia were
equally often diagnosed with primary arterial hy-
pertension and labile arterial hypertension, and
autonomic dysfunction syndrome of hypertensive
type.

In boys, in the group of patients without hy-
peruricemia, labile arterial hypertension prevailed,
and in girls, the autonomic dysfunction syndrome
according to the hypertensive type, was more fre-
quent. The hereditary burden of cardiovascular
disease was registered more often in boys (62.5%
of cases) than in girls (40% of cases; p > 0.05).
More pronounced manifestations of metabolic dis-
orders, accompanied by morphofunctional changes
in the hepato-pancreato-biliary system, revealed by
the US, were detected in boys with hyperuricemia.
Cardiac arrhythmias were noted more often in boys
of group 1 (75% of cases) than in boys of group 2
(53.3%; p>0.05) and girls of group 1 (40%;
p > 0.05).
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Signs of LV remodeling according to Echo-CG data

were registered more often in boys without hyperuri-
cemia (62.5% of cases) than in girls without hyperuri-
cemia (10%; p <0.01) and in boys with hyperuricemia
(26.7%; p>0.05). The data obtained indicate more
significant changes in the morphofunctional condition
of the cardiovascular system in adolescents with hy-
pertensive states and manifestations of MS without
hyperuricemia, which requires further study.
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Hearing loss is a common birth problem that can affect a baby’s ability to develop speech, language and social skills
in lack of comprehensive early intervention. Early intervention occurring within the first 6 months has higher effectiveness
for hearing impaired children. The introduction of universal newborn hearing screening programs allowed to identify hear-
ing loss in the first months of life. That determines the need of immediate comprehensive early intervention for children
identified with hearing loss. The main approaches of such intervention have been described in detail in the literature.
However there are not well-developed, evidence-based, well-documented recommendations for family-centred early inter-
vention for children who are deaf or hard of hearing. Similar problems are noted in many countries, that is why in 2012,
within the framework of an international conference, specialists and parents of deaf and hard of hearing children developed
a document (international consensus statement). The experts arrived at consensus on 10 principles guiding family-centred
early intervention. These principles are presented in the article as well as a brief description of their implementation in
various countries. The consensus statement has become an important document which is intended to provide a framework
for professionals over the world. Knowledge of these principles allows specialists to apply evidence-based approaches
working with children who are deaf of hard of hearing.

Keywords: children; hearing loss; early intervention program; principles; consensus.

OCHOBHbBIE MPUHLMMbI CUCTEMbl PAHHE NMOMOLLKX JETAM
C HAPYWWEHNAMU CNYXA
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HapyweHue cnyxa — 4acTo BCTpevatowancs npobnema y aeter paHHero Bospacta. [1pyn OTCYyTCTBMM KayeCTBEHHOM Npo-
rpamMMbl NMOMOLWIM [LaHHAas NaTONOrMs OKa3blBAET BblpaXX€HHOE HeraTMBHOE BNMSHWE Ha pa3BuTUe pebeHka. Mpu Bpox-
[LeHHOM TYroyxoctu Hambonee 3pHEKTUBHBIMK SABNAOTCS NPOrpaMMbl NMOMOLLM, HaYaTble A0 Bo3pacTa 6 Mec. BHeapeHue
BCeoObLLero ayAnonormyeckoro CKpUHMHra HOBOPOXAEHHbIX NMO3BOJIMIIO BbISBNATb M IMArHOCTMPOBATL HApPYLUEHUS ClyXa Ha
nepBbIX MeCcsALaXx XM3HWU. BbisBNEHHbIe HapyLleHus cyxa TpebyT He3aMeaNUTeNbHOro Havyana BCeCTOPOHHEW NporpaMmsl
nomouwm. OCHOBHble NMOAXOLbl K OKa3aHWK TakoW MporpamMMbl Moapo6HO NMpeacTaBfieHbl B OTEYECTBEHHON nuTepaType.
OfHaKo B HACTOALWMI MOMEHT OTCYTCTBYHOT €AMHble, XOPOLIO OTpaboTaHHble, 3aA0KYMEHTUPOBAHHbIE PEKOMEHAALUN MO
COCTaBNEHMIO U peanusauuu NporpaMM NOMoLLM ANa AeTei paHHero Bo3pacTa ¢ npobnemMamum cnyxa. CxofHble TPYAHOCTH
OTMEYAITCS BO MHOTMX CTPaHax MMpa, YTO NMOCYXMUI0 NPUYMHON 0O6beIUHEHNUS YCUITMI CNeLManncTaMm U3 pasHbiX CTPaH.
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B 2012 r. B paMKax MexXAyHapOAHOM KOHPEPEHLMM CNELMaNnnCcTaMmn U pOAUTENSMU TNYXKUX U cnabocnbliwalmx aeten bbin
BbIpabOTaH LOKYMEHT (MEXAYHAPOAHbIA KOHCEHCYC), pErNaMEeHTUPYIOLLUIA OCHOBHbIE MPUHLLMMbBI CEMEWHO-LEHTPUPOBAHHOM
CUCTEMbl PaHHElN NMOMOLLM AETAM C HapyLEeHUSMU Cyxa, COOTBETCTBYHOLWME STUM NPUHLMNAM NporpamMmbl U TpeboBaHMA
K cneuManuctam. B ctaTbe npeacTaBneHbl AaHHble MPUHUMMBI, @ TaKXKe NPUBELEHO KpaTKOe OMMCaHMe UX peanusauumu
B Pa3/IMYHbIX CTpaHaXx. [JaHHOe KOHCEHCYCHOE 3asBIeHNe CTaN0 BaXXHbIM AOKYMEHTOM B paboTe cneumanmMcToB BCEro Mupa.
3HaHMe 3TUX NPUHUMMOB NO3BOMISET CNELMannMCTaM NpUMEHSTb A0Ka3aTeNlbHble NoAX0oAbl Npy paboTe C FyXUMK U Cna-

60CNbIWAWMMU AETbMMU.

KnioueBble cnoBa: netu; HapyuweHue cnyxa; paHHee BMewWwaTenbCTBO; NporpaMma noMouwmn; npuHUUNbl; KOHCEHCYC.

INTRODUCTION

Sound is very significant in a person’s life and
perception of the surrounding environment. Each
sound carries certain information. During the day,
we hear and focus on many everyday sounds, dan-
ger signals warn us, music gives great pleasure and
enjoyment, but the most critical sound signal for a
person is speech, which is the basis of our commu-
nication with other people. That is why any hearing
impairment can harm a child’s development. Espe-
cially significant problems can arise with congeni-
tal hearing impairment. In the absence of a timely,
high-quality program of assistance, the central de-
partments of the auditory system do not receive
the necessary acoustic stimulation in the first years
of life, which disrupts their formation, leading to
irreversible consequences. Hearing impairment is
the most common pathology of the sensory systems
and, according to the World Health Organization,
there are approximately 34 million children with
hearing impairment in the world. At the same time,
approximately 2-3 children out of 1000 are born
with congenital hearing abnormalities, and during
the first years of life, another 1-2 babies out of
1000 acquire bradyacuasia [11, 16, 19].

Approaches to detecting hearing pathology in
children based on the analysis of only risk factors
are not highly effective since only approximately
50% of hearing-impaired children are at risk of
hearing disorders. That is why in many countries,
including Russia, compulsory audiological screen-
ing is currently performed, covering all newborns.
This enables to suspect bradyacuasia very early
(in the first weeks of life) and perform the nec-
essary diagnostic procedures already in the first
months of life. The methods of screening and di-
agnostic examinations in children of the first year
of life have been studied well, described, and stan-
dardized [3, 16]. Such examinations are implement-
ed in most countries in accordance with national
recommendations. In the Russian Federation, they
are presented in the form of Clinical Recommen-
dations of the Ministry of Health [5]. Undoubt-
edly, there are still several issues to improve the
efficiency of both primary audiological screening

and the diagnostic stage. However, in general, the
introduction of the existing hearing screening sys-
tem in newborns has solved the early detection of
congenital bradyacuasia. Currently, the average age
for diagnosing congenital hearing impairments in
Russia is seven months [12, 13].

Identification of hearing impairment requires a
comprehensive program of assistance for hearing-
impaired and deaf children as soon as the prob-
lem is discovered. The main issues of implement-
ing assistance programs in Russia are presented in
the literature by various specialists and parents of
deaf and hard-of-hearing children [1, 2, 4, 6-9, 14].
However, at the same time, there are no uniform,
well-developed programs to help young children
with hearing problems. A similar situation is noted
in many countries of the world, which was why
the pooling of knowledge and efforts of special-
ists from different countries and parents of children
with hearing impairments.

In June 2012, in Bad Ischl, Austria, the first
International Family-Centered Early Intervention
Conference for Children who are Deaf or Hard of
Hearing was held. Later this conference became
traditional. During the conference, hearing pro-
fessionals, program managers, early intervention
specialists, and parents of children with hearing
impairments discussed the principles of family-cen-
tered early care systems and the methods of their
implementation in different countries. Based on
the discussion results, these principles were clari-
fied, and a consensus was reached in determining
the most effective approaches in early assistance
to deaf and hard-of-hearing children. A document
(international consensus statement) regulating the
principles themselves, the programs corresponding
to them, and the requirements for specialists were
drawn up. The document was signed by representa-
tives from different countries by Professor 1.V. Ko-
roleva on the part of the Russian Federation [17].
Since its publication in 2013, this consensus state-
ment has become an essential document for hearing
professionals worldwide.

Being aware of these principles, specialists (pe-
diatricians, neurologists, audiologists, teachers of
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the deaf and hard of hearing, speech therapists,
social workers, special educators, others) can ap-
ply comprehensive, evidence-based approaches in
working with families with deaf and hard-of-hear-
ing children. The main provisions of the consen-
sus are summarized below, and a brief description
of the implementation of its principles in various
countries. The full text of the consensus is present-
ed in the publication by M.R. Moeller et al. [17].

INTERNATIONAL CONSENSUS STATEMENT
FOR FAMILY-CENTERED EARLY ASSISTANCE
FOR DEAF AND HARD-OF-HEARING CHILDREN

Principle 1: Early, timely, and equitable ac-
cess to services. This regulation prescribes timely
audiological screening of newborns and diagnostic
examination by qualified personnel in accordance
with accepted recommendations; immediate inclu-
sion of the family in the early assistance program
when a child’s hearing pathology is detected.
It provides the family with comprehensive support
regardless of the socio-economic status of the fa-
mily, income, or geographic location. The conti-
nuity of the various stages should be monitored,
namely the transition from screening to diagnostic
procedures, the timely implementation of the as-
sistance program, and other activities.

Principle 2: Collaboration between family and
early care professionals. The family-centered early
care model aims to develop balanced partnerships
between family and professionals. Collaboration
between the family and the family service provider
must be characterized by interaction, mutual trust,
respect, honesty, shared goals, and open commu-
nication.

Principle 3: Conscious choice and decision
making. It is the right of the family to make deci-
sions. Specialists help the family obtain the neces-
sary information, knowledge, and experience. Fami-
lies are trained to make informed decisions based
on the information obtained. Families need to be
aware of the possible outcomes, potential benefits,
and challenges of using different approaches.

Principle 4: Social and emotional support for
the family. Families can receive the necessary sup-
port, knowledge, and experience in official orga-
nizations/associations (professional, parental) and
public organizations, from friends, relatives, and
groups united by religious views and other prin-
ciples. Professionals should appreciate the impor-
tance of family well-being for the child’s develop-
ment, provide social support and encouragement to
the family, facilitate obtaining necessary support,
and refer to mental health professionals.

Principle 5: Interaction between family and
child. The family and professionals cooperate to
create the optimal environment for the child’s com-
munication and language development. For this
purpose, everyday activities, games, and commu-
nication with the child are used. Adults provide the
child with an action-packed language environment
in communication with all family members, adapt-
ing their language in accordance with the child’s
development. The specialists respect and support
the communication method chosen by the family
(oral approach, kinetic speech).

Principle 6: Use of assistive technology and
communications tools. Professionals working with
a family with a hearing-impaired child should be
aware of current technical devices to help improve
the child’s hearing (hearing aids, implantable sys-
tems, FM systems), provide visual support, and
alternative and complementary communication.
Professionals should inform families about the ex-
isting technical means and technologies used in the
educational process (portable microphones, interac-
tive whiteboards, computer and web technologies,
others).

Principle 7: Qualification of professionals.
Specialists should be well trained, have the neces-
sary qualifications, and specialized knowledge and
skills related to working with deaf and hard-of-
hearing children of various ages and their families.
Families should be able to have access to profes-
sionals with specialized knowledge and skills.

Principle 8: Teamwork. An optimally formed
family-centered early intervention transdisciplinary
team focuses on the family. It includes profession-
als experienced in supporting early assistance pro-
grams for deaf and hard-of-hearing children. The
team is formed depending on the needs of the child
and family. It might include specialists working in
early intervention programs, specialists with knowl-
edge and skills in working with deaf and hard-
of-hearing children, including teachers of the deaf
and hard of hearing, speech therapists, audiologists,
social workers, and psychologists. If necessary, a
physical therapist, an occupational therapist, such
narrow specialists as a developmental pediatrician,
a neurologist, a psychiatrist, a visual impairment
specialist, and others can be included. The fa-
mily is considered an equal rights member of the
team.

Principle 9: Tracking the progress of the
child’s development. Regular monitoring is re-
quired to assess the child’s individual develop-
ment, family satisfaction and well-being, and the
efficiency of the assistance program. If necessary,
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based on the results obtained, the approaches and
strategies used are modified.

Principle 10: Control of program function-
ing. The monitoring of the quality control of all
the program elements is required, and monitoring
the extent to which specialists adhere to accepted
international standards and practices in their work.

EXAMPLES OF IMPLEMENTING
THE PRINCIPLES OF EARLY ASSISTANCE
FOR DEAF AND HARD-OF-HEARING CHILDREN

There is a wide variety in the planning and
implementing family-centered early childhood as-
sistance programs in different countries. This doc-
ument has been applied both by professionals in
countries with well-developed early care services
and emerging programs. Examples of implementing
this document’s recommendations in some coun-
tries, namely in Upper Austria® and the United
States from 2012 to 2014, are presented below [20].
This information indicates very clearly the difficul-
ties that the colleagues from these countries faced
and their solutions.

Implementation of principle 1 on ensuring early,
timely, and equitable access to services. Despite
the introduction of universal screening for newborn
hearing in 1990 in Austria, for 20 years after that,
no follow-up system was established for children
who had poor screening results or failed to undergo
it. In response, Upper Austrian health officials or-
ganized meetings. They collected and analyzed data
on the age of deaf and hard-of-hearing children at
the time of diagnosis establishment and the age of
inclusion in early childhood care programs. As a
result, a family tracking procedure was developed
and implemented in case of an unsatisfactory result
of the initial screening in the maternity hospital.
If the parents do not attend an appointment, the
otorhinolaryngologist contacts them. If the hear-
ing impairment is confirmed by a diagnostic ex-
amination, then the information is immediately
transmitted to the early assistance service. Finally,
the specialist of this service contacts the family
within 48 h.

In 2012, in the United States, 96.6% of 3,953,986
newborns were screened for primary hearing. How-
ever, 35.9% of these infants did not attend diagnos-
tic audiological examinations, or their documents
were lost. Approximately a quarter of children who
should have been provided with early assistance
programs were not included in them in a timely
manner.

*Upper Austria is a federal state of Northern Austria

The UK audiological screening program requires
at least 95% of newborns to undergo primary screen-
ing in the first month of life (age corrected for
premature infants). The diagnostic stage must be
completed for at least 90% of children within four
weeks after their referral for diagnostics. Data from
4,645,823 children born in the UK from 2004 to 2013
showed a continuous improvement in the quality of
implementation of this program. Thus, for children
born in 2012-2013, primary hearing screening was
performed in the first month of life for 97.5% of
newborns. The average age of the diagnostic stage
was 30 days; the median age for inclusion of children
with hearing impairments in the care program was
50 days nationwide. Primary hearing aid for children
with confirmed bilateral bradyacuasia was performed
on average at 82 days of age. These data demonstrate
the high efficiency of conducting initial audiological
screening in the UK and follow-up measures up to
the initial steps of the assistance program, such as
selection and fitting hearing aids [18].

Implementation of principle 2: ensuring a part-
nership between family and early childhood care
providers. Each of the 50 states in the USA has
established and operates advisory councils to pro-
vide early assistance to deaf and hard-of-hearing
children. These advisory councils include parents
in most cases. The responsibilities, structure, ac-
countability, and allocation of financial resources
of these advisory councils might vary and depend
on the laws of the state of their location.

Implementation of principle 3: ensuring in-
formed choices and decision making. The assur-
ance of this principle remains unclear. Interviews
with parents and questionnaires of parents did not
determine whether this principle is being imple-
mented in any system.

Implementation of principle 4: provision of
social and emotional support to the family. This
support can be provided in a variety of ways by
different professionals. An essential role in sup-
porting families is played by specialists and other
parents with deaf and hard-of-hearing children.
In Upper Austria, parents who provide professional
support to parents and immediate family members
have been included in the early assistance program.
They attend the initial meeting when the family
is included in the program. The seminars-meetings
are held, organized by psychologists and experi-
enced parents, where issues such as “living with
a child with bradyacuasia,” “family communica-
tion,” “brothers and sisters,” and others are dis-
cussed. Regular meetings provide an opportunity
to establish informal communication. Many parents
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exchange contacts and visit each other. The as-
sistance program regularly surveys the needs and
well-being of parents.

In the USA, many states provide parent-to-par-
ent support. In most cases, this support is provided
immediately after the diagnosis establishment, and
in some situations, after the initial screening. The
Disability Research Distribution Center, as part of
the National Early Childhood Assessment Project:
Deaf/Hard of Hearing (NECAP), performs assess-
ment and collection of data on the development of
deaf and hard-of-hearing young children. Monitor-
ing of the social and emotional well-being of fami-
lies with deaf and hard-of-hearing young children
is implemented in many countries. However, there
are no standard approaches to such assessments.

Implementation of principle 5: ensuring interac-
tion between the family and the infant. The early
childhood care program helps parents create the
optimal language learning environment for their
children through everyday family routines. In Up-
per Austria, early assistance providers were trained
to be more aware of the family’s living conditions.
An automated speech recognition device (Lan-
guage Environment Analysis, LENA) can assess
the quantity and quality of speech that the child
hears throughout the day and vocalizations of the
child [15]. This is necessary for parents to under-
stand the quality of communication they provide to
their children during a typical day. Early assistance
specialists have compiled a list of strategies to im-
prove communication. If the family chooses kinetic
speech to communicate, then the early assistance
professional should be fluent in kinetic speech com-
munication skills. All early assistance professionals
are required to complete a two-year kinetic speech
course. Together with preschool institutions for deaf
and hard-of-hearing children, kinetic speech courses
are regularly held, adapted to the needs of parents of
young children. In the USA, some states provide a
professional who is fluent in kinetic speech and can
teach kinetic speech to parents and family relatives
who choose to communicate with kinetic speech.

Implementation of principle 6: use of assistive
technology and communication tools. In Upper
Austria, the child must be provided with devices for
adequate hearing correction if the family has cho-
sen spoken language as their primary mode of com-
munication. Hearing aid and implant manufacturers
regularly hold seminars for early care specialists on
the latest advances in hearing aids. Hearing aids/
implants are provided to all children in the USA.
Only a small number of young children have access
to assistive devices such as FM systems.

Implementation of principle 7: ensuring the
qualifications of specialists. Assessment of the
qualifications of early care providers is challeng-
ing. Some NECAP states in the USA are currently
collecting and analyzing data related to the train-
ing of early childhood care providers. Some states
require all professionals to receive specific training
in hearing impairment in young children. However,
so far, few states have implemented programs that
guarantee the core competencies of professionals.

Implementation of principle §: ensuring team-
work. The most effective results in the develop-
ment of deaf and hard-of-hearing children can be
achieved only if specialists in health care, edu-
cation, and the social sphere collaborate. Upper
Austria and many states in the USA have a single
network of early childhood care professionals, audi-
ologists, otorhinolaryngologists, pediatricians, pre-
school and school educators, and representatives
of parental associations and societies for the deaf.

Implementation of principle 9: Tracking the prog-
ress of a child’s development. In the USA, the NECAP
project monitors developmental outcomes for deaf
and hard-of-hearing children in several states. When
analyzing the data within the project, it was re-
vealed that the average coefficient of development
of deaf and hard-of-hearing children is within the
standard values of hearing children, while the data
of the three language indicators are below the aver-
age values. However, they are within the reference
limits. It has been established that the factors such
as early inclusion in the assistance program (up to
the age of 6 months), milder hearing loss, lack of
concomitant impairment in the child, or a family
with deaf or hard-of-hearing parents have a posi-
tive effect on the results of language development.

Implementation of Principle 10: Maintenance of
the program control. This principle is an essential
component but not widely adopted in the United
States. In some states, such as Colorado, programs
are monitored by an early care system using reports
and expert supervision.

CONCLUSION

An international consensus statement describing
these 10 principles has been translated into many
world languages, including Russian [10]. This
contributes to its distribution and implementation
among specialists around the world. Many factors
affect a child’s development, including language
and speech development, social and communication
skills, academic performance, and mental health.
Awareness of specialists working with children
with hearing impairments with this document and
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adherence to the principles set out allows the most
effective planning and implementation of a com-
prehensive assistance program, thereby leveling the
possible negative consequences of hearing impair-
ment. In addition, the study of the global situation
regarding the implementation of these principles
is required. The document provides a framework
for program collaboration worldwide to collect and
analyze data that will improve the efficiency of
early assistance programs for deaf and hard-of-
hearing children.
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Central precocious puberty occupies an important place in the practice of a pediatric endocrinologist. If the patient re-
veals signs of premature sexual development, the diagnostic search is aimed at eliminating the tumor origin of both false
(peripheral) and gonadotropin-dependent, or central, precocious puberty, as well as gonadotropin-independent forms of
premature sexual development. Oncological alertness is important in the work of not only a pediatric endocrinologist, but
also a pediatrician. In the treatment of all non-tumor forms of central precocious puberty, drugs of the group of analogues
of gonadotropin-releasing hormone are used, which allows to stop the progression of sexual development, reduce the rate
of bone maturation and, thereby, increase the final growth of the child. The most common idiopathic variant of central
precocious puberty. The article presents a clinical case of observing a patient with an idiopathic variant of central pre-
mature sexual development during therapy with a drug from the group of analogues of gonadotropin releasing hormone
of prolonged action. The classical course of the idiopathic variant of central precocious puberty with typical diagnostic
difficulties in the onset of the disease, good compensation against the background of therapy with a drug from the group
of agonists of gonadotropin-releasing hormone and normal puberty 6-12 months after cancellation of the therapy is dem-
onstrated. The latter is explained by the proven reversibility of the effects of this group of drugs. The description of this
clinical case, in the authors’ opinion, should be of interest to doctors at the local pediatricians and pediatricians working
in the medical care departments for children in educational institutions.

Keywords: precocious puberty; idiopathic central precocious puberty; GnRH agonist treatment; triptorelin.

NPEXOEBPEMEHHOE NOJIOBOE PA3BUTUE Y LEBOYEK: KNTMHUYECKUA CYUAN
MCTUHHOIoO NOAMONATUYECKOIO NPEXAEBPEMEHHOIO NMNOJIOBOro PA3BUTUA

© O.B. larno!, M.E. TypkyHoBa?, E.b. bawHwuHa ?

! epepanbHoe rocyaapcTBeHHoe 61okeTHOe 06pa3oBaTeNbHOe yupexaeHue BbiClero 06pa3oBaHus
«CaHkT-MNeTepbyprckuii rocyAapCTBEHHbIA NeAMATPUYECKMIA MEOULIMHCKUIA YHUBEPCUTET»
MuHucTepcTBa 3apaBooxpaHenus Poccuitckon Mepepaumm, CaHkT-TNeTepbypr;

2 (DepepanbHOe rocyaapcTBeHHoe 61okeTHOe 06pa3oBaTeNbHOE yupeXxaeHne BbiCWEro 06pa3oBaHus
«(CeBepo-3anasHblil roCyAapCTBEHHbIA MEAULMHCKUIA YHUBEpCUTET uMenn .M. MeyHnkoBa»
MunucrepcTea 3apaBooxpaHenus Poccuiickoi Oenepaunu, Cankr-TNetepbypr

Ans yumuposaHusa: NarHo 0.B., TypkyHoBa M.E., BawHuHa E.B. MpexaeBpemeHHOe M0s0BOe Pa3BUTHE Y AEBOYEK: KAUHUYECKUIA
CNyYait UCTUHHOTO MAMONATUYECKOTO NPeXAeBPemMeHHOro NosoBoro passutua // Neauatp. — 2021. —T. 12. — Ne 1. — C. 71-77. https://
doi.org/10.17816/PED12171-77

Moctynuna: 19.12.2020 Opobpena: 15.01.2021 Mpunsta K nevatu: 19.02.2021

HPE)K,D,EBPEMEHHOE nos0BO€E pa3BUTME 3aHMMAET BaXXHOE MEeCTO B MNpakKTUKe OEeTCKOro aHAOKpMHOora. |_|pVI BbiiBNE€HNNU
Yy nauueHTa Npu3HakKoB npexneBpeMeHHOro nosioBoro pa3ssutTuA OMArHOCTUYECKUI MOMUCK HanpaBneH Ha MUCKIK4YeHUe
OnyxoneBoro reHesa Kak JI0OXHOro (nepwq)epwquKoro), TakK U UCTUHHOIO, UNN LEHTPANbHOrO, nNpexaespeMeHHoro nono-
BOro pa3BuTUA, a TakKXXe roHaaOoTPOMNUH-HE3aBUCUMbIX CbOpM npexanespeMeHHoOro noaoBoro pasBuTuUs. OHKonormyeckas
HaCTOPOXEeHHOCTb BaXHa B pa60Te He TOJIbKO AeTCKOro 3HAOKPWUHOIOra, HO M Bpaya-neauMatpa. B neyeHuun naumeHTOB
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CO BCEMM HEOMYXONEBbIMW (GOPMaMU LEHTPaNbHOro MpexAeBPEMEHHOr0 MOJIOBOr0 Pa3BMTUS WMCMOAb3YT npenapartsl
rpynmnbl aHaNOroB rOHaA0TPOMUH-PUNIU3UHI-TOPMOHA, YTO NO3BONSET OCTAHOBMTb NMPOrpPeccHpoBaHUE MONOBOIO Pa3BUTHS,
CHU3UTb TEMMbl KOCTHOrO CO3peBaHUS U, TEM CaMbIM, YBENUUYUTb KOHEYHbIN pocT pebeHka. Hanbonee yacto BcTpeyaeTcs
MAMONATUYECKUIA BapUaHT LEHTPaNbHOrO MpexXAeBpeMEeHHOro MosoBOro pasBuTus. B cTatbe npencTaBNeHO KAMHMYe-
cKoe HabnwogeHve MauMeHTKM C MAMONATUYECKMM BapuMaHTOM LEHTPaNbHOrO MpeXxeBPEMEHHOro MoA0BOro pasBUTHUS.
M3noxeHo Knaccuyeckoe TeyeHWe MAMOMATUYECKOrO BapMaHTa LEHTPaNbHOro MpexAeBpeMeHHOro MoJioBOro pasBUTUS
C TUMUYHbIMU CNOXHOCTAMM AMATHOCTUMKM B AebtoTe 3aboneBaHms, XopoLlei KoMneHcaunei Ha hoHe Tepanuu npenapaTom
M3 Tpynmnbl arOHWCTOB FOHAAOTPOMUH-PUIU3UHI-TOPMOHA M HOPMasbHbIM MOJIOBbIM CO3peBaHWeEM Yepe3 6-12 mec. nocne
OTMEHbI Tepannu. OnucaHue OAHHOI0 KJIMHUYECKOro cnydyaa MOXeT ObITb MHTEPECHO NeanaTpaM M 3HOOKPUHOIOraM.

KnioueBbie cnosa: npexagespeMeHHOE NooBOE pa3BUTUE;, UOAMONATUHECKOE LLEHTPAIbHOE NpeXAeBPEMEHHOE NOIOBOE
pasBuTne; ne4yeHnUe aroHUCTaMm rOHAA0OTPOMUH-PUNU3UHT-TOPMOHA; TPUNTOPENUH.

Precocious puberty (PP) in girls is diagnosed
when all or some secondary sexual characteristics
appear before eight years old. According to the
current classification, there are true PP, false PP,
and incomplete PP (premature thelarche, premature
adrenarche, and premature menarche). The cause of
true PP is the premature activation of the hypotha-
lamic-pituitary (HT-P) system, which may be due
to tumors of the central nervous system (CNS),
pineal gland, organic non-neoplastic lesions of the
CNS, irradiation of the brain, pathology of migra-
tion of gonadotropin-releasing hormone-secreting
neurons, genetic syndromes such as Russell-Silver
syndrome, or neurofibromatosis type . Untreated
primary hypothyroidism and late treatment with an
excess of sex hormones in false PP also lead to
true PP [16]. If the above causal factors are exclud-
ed, true idiopathic PP is diagnosed in the patient
with laboratory-proven HT-P activation of ovarian
function. True PP can be complete if the patient
has developed all secondary sexual characteristics
(enlargement of the mammary glands, hair growth
in the pubic area, armpits, and the onset of men-
arche). True PP is considered incomplete if not all
secondary sexual characteristics have appeared yet.

False PP is caused by hypersecretion of sex hor-
mones (androgens or estrogens) without activating
the HT-P system. Autonomous hypersecretion of es-
trogens can be caused by a tumor of the ovaries
or adrenal glands or exogenous administration of
estrogens. In this case, PP develops in an isosexual
manner. The development of heterosexual false PP
causes an excess of androgens caused by androgen-
producing tumors of the ovaries or adrenal glands
or impaired adrenal steroidogenesis due to various
enzymatic defects, as in congenital suprarenal cor-
tex hyperplasia (CSCH) [15].

Until a specific time, generally, before reaching
the “pubertal” bone age, the McCune—Albright—Brait-
sev syndrome belongs to the variant of false PP.
The pathology is caused by the autonomous
functioning of ovarian follicular cysts. Estrogen

production is associated with the pre-pubertal
structure of luteinizing hormone (LH) secretion
with no response to gonadotropin-releasing hor-
mone (GRH). Later, usually with the onset of ovula-
tory cycles, gonadotropin-dependent puberty occurs
[6, 7, 16]. McCune—Albright—Braitsev syndrome is
a rare genetic disorder based on somatic mutations
in the GNAS gene. Clinical signs of the disease
include light brown spots with clear boundaries,
localized usually on the hips, back, lower back,
chest, and in places of bone deformities, and fi-
brous dysplasia and hyperfunction of the endocrine
glands [13]. McCune—Albright-Braitsev syndrome
and persistent follicular cysts in girls are classified
as a separate group of gonadotropin-independent PP
caused by the activation of steroid-secreting ele-
ments of the genital glands without the involvement
of gonadotropins [8].

In most cases, both true and false PP, there is
a significant acceleration of bone age. In the ab-
sence of timely diagnosis and therapy in patients,
the growth zones are rapidly closed, which results
in the formation of short stature in adulthood
(4, 8, 12].

Separately, it is required to highlight such in-
complete forms of PP, as premature thelarche and
premature adrenarche. Premature thelarche is rep-
resented by a unilateral or bilateral development of
the mammary glands that starts in infancy, more
often at two years. It is not accompanied by other
symptoms of sexual development. There can rarely
be the development of mammillae, vaginal mucosa
thickening, and estrogen-induced enlargement of
the uterus. This condition is usually benign and is
associated with the secretion of follicle-stimulating
hormone (FSH) and the development of antral fol-
licles to a greater extent than in the pre-pubertal
control group. Unstimulated and GRH-stimulated
plasma LH levels correspond to the values typical
for the pre-pubertal period [6].

The diagnosis of premature adrenarche is es-
tablished after ruling out false and true PP.
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The term adrenarche implies a physiological pro-
cess that starts in healthy individuals at the age
of 6-8 years, as a rule, two years or more before
activating the HT-P system and an increase in go-
nadotropin secretion. At this age, the secretion of
dehydroepiandrosterone and androstenedione, syn-
thesized in the reticular zone of the adrenal cortex,
increases, which is not clinically manifested, ex-
cept as a minor increase in the growth rate and in-
creased secretion of apocrine sweat glands. In some
children, an increase in the activity of 17,20-lyase
and 17-a-hydroxylase results in the premature ap-
pearance of pubarche (hair growth in the pubic
region) and terminal hair in the axillary region,
which is premature adrenarche. In the internation-
al literature, this term is interpreted as excessive
adrenarche [10]. Most girls with premature adre-
narche have a moderate acceleration of bone age,
and the level of 17-hydroxyprogesterone (17-OHP)
may exceed the norm in children in the pre-pubertal
period, which necessitates differential diagnostics
of premature adrenarche and nonclassical form of
CSCH [1, 9, 14, 17]. Despite the increase in growth
rate and bone age, the final height with premature
adrenarche does not change. However, the prob-
ability of polycystic ovary syndrome in adulthood
is increased [6, 19]. According to Russian authors,
the hormonal marker of premature adrenarche is an
increased level of androstenedione [2].

According to the Federal Clinical Guidelines for
the Management of Patients with PP, PP is diag-
nosed in stages. At stage 1, it is required to estab-
lish the presence of PP, to identify a group of in-
complete forms (premature thelarche and premature
adrenarche). At stage 2, it is necessary to establish
a nosological variant in patients with confirmed PP
to determine the therapeutic approach [8].

Modern diagnostic standards require a short-
acting GRH stimulation test. This test enables the
differentiation of gonadotropin-dependent forms
of PP from gonadotropin-independent and isolated
thelarche in girls. In treating all variants of go-
nadotropin-dependent PP, including true idiopathic
PP, drugs from the group of GRH analogs with
prolonged action are effectively used, which desen-
sitize the pituitary gland to the stimulating effect of
its gonadotropin-releasing hormone. The drugs from
this group, such as Dipherelin 3.75 mg, Dipherelin
11.25 mg, Decapeptil depot 3.75 mg with triptorelin
as an active ingredient, and Lyukrin 3.75 mg and
Lyukrin depot 11.25 mg (active ingredient leupro-
relin), are registered in Russia.

After magnetic resonance imaging (MRI) of the
brain and pituitary gland, organic tumor causes of PP

and hamartoma of the hypothalamic region can be
ruled out [5]. It should be noted that hypothalamic
hamartoma is not a tumor but is a congenital ecto-
pia of hypothalamic tissue and causes PP in 70%
of cases. In addition to PP, hamartomas of hypotha-
lamic localization are accompanied by neurological
disorders and behavioral disorders and can cause
diabetes insipidus [8].

The drug of choice in the treatment of true idio-
pathic PP was triptorelin 3.75 mg, which suppresses
effectively the secretion of gonadotropins and sex
steroid hormones, which, in turn, stops the develop-
ment of secondary sexual characteristics and leads
in some patients to their regression, contributes to
the regulation of patient behavior. Long-term ther-
apy with triptorelin effectively regulates bone age
in patients and ensures optimal stature in children
with true PP [3, 8, 18].

The criteria for the efficiency of therapy with
drugs from the group of long-acting analogs of
GRH, which include triptorelin (3.75 mg), can be
considered as a decrease in the growth rate to the
age norm, the absence of progression of sexual de-
velopment, or regression of secondary sexual char-
acteristics, an increase in bone age by no more than
one year within the current year. Low basal levels
of LH and estradiol in girls may be considered the
efficiency criterion initially elevated levels of these
hormones. With the low efficiency, 3—6 months af-
ter the start of treatment, the test with short-acting
triptorelin is repeated with anticipated LH release
of no more than 4 U/L during the test [8].

As an example of a differential diagnostic algo-
rithm, selection of treatment, and further follow-
up monitoring of premature sexual development in
girls, we present a clinical case of a patient with
true idiopathic PP. The results of follow-up moni-
toring of patients with true PP in St. Petersburg
revealed that the idiopathic variant accounts for
50% of cases with this pathology [11].

Patient P., 7.5 years old, was admitted for ex-
amination at the endocrine department of the clinic
due to the premature appearance and progression
of secondary sexual characteristics.

At the time of hospitalization, the case history
revealed an increase in mammary glands in the
girl since the age of 4.5 years old, which at the
outpatient stage was regarded as an incomplete
form of PP, namely isolated thelarche. At the age
of 6.5 years old, due to a gradual increase in the
mammary glands, an ultrasound scan of the pelvic
organs was performed and showed the size of the
uterus and ovaries corresponding to 11 years. Hor-
monal examination revealed basal LH 1.5 mMu/ml,
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FSH 5.26 mMu/ml, and estradiol 49.6 pmol/l, cor-
responding to stage Il of puberty on the Tanner
scale. Hospitalization in the pediatric endocrine
department was recommended. With the appear-
ance and progression of pubarche, the patient was
immediately hospitalized.

Upon admission, height was 134 cm (+2.5 SDS),
body weight was 30.5 kg (+0.25 SDS weight for
height). Body mass index (BMI) was 16.9 kg/m?
(£1 SDS). Sexual formula on the Tanner scale was
Al PII-IIT Malll Me (-). The growth rate was 14 cm
per year. Bone age corresponded to 9.5 years. Ultra-
sound examination (US) of the pelvic organs (uter-
us 4.5 x 1.8 x 1.5 cm; left ovary 2.0-1.4—-1.9 cm,
4-5 follicles up to 3 mm; right ovary 2.0-1.4—1.8 cm,
3-5 follicles up to 4 mm), which corresponded to
11 years. Hormonal examination showed the basal
level of LH hormones 3.3 mIU/ml, FSH 4.9 mIU/ml,
and estradiol 62 pmol/l, 17-OHP 0.85 ng/ml. There
were no indications for an adrenocorticotropic
hormone test to rule out the nonclassical form of
CSCH based on the 17-OHP value obtained. Ultra-
sound of the adrenal glands revealed no pathology.

The standard for diagnosing true PP is a short-
acting GRH test [8, 15]. After a stimulation diag-
nostic test (0.1 mg of triptorelin was injected sub-
cutaneously), the maximum increase in the levels
of the hormones under study was LH 67.9 mMe/ml
and FSH 21.1 mMe/ml.

MRI of the brain and pituitary gland showed
no MRI data on the presence of space-occupying
paraplasms in the chiasmo-sellar region. True id-
iopathic PP was diagnosed in the patient.

In a patient with clinical manifestations of PP,
the diagnosis of true idiopathic premature puberty
was established at 7.5 years, and therapy with a
drug from the group of long-acting GRH analogs
triptorelin (3.75 mg) was started according to the
scheme at a dose of 3.75 mg intramuscularly one
time in 28 days. The conditions for treatment with
a long-acting triptorelin drug are continuity of ther-
apy, calendaring, and adherence to the injection
regimen. The patient did not violate the recom-
mended triptorelin injection regimen.

Subsequently, the patient was examined on an
outpatient basis. The case follow-up showed that
the patient stopped the progression of secondary
sexual characteristics; with palpation of the mam-
mary glands, the gland tissue was slightly in-
creased, mainly due to the fatty component. On day
26, after administration of triptorelin (3.75 mg),
LH level was 0.2 mIU/ml, FSH was 0.6 mIU/ml,
which indicated a positive effect of therapy. Ultra-
sound of the pelvic organs showed that the size of

the uterus and ovaries corresponded to the age of 9
years. In the first year of treatment, the growth rate
was 6.5 cm. The progression of bone age slowed
down, which after one year of therapy corresponded
to 10 years.

In the subsequent second year of therapy, the
patient’s growth rate was 4.5 cm per year. Bone age
corresponded to 10.5 years. Sexual formula on the
Tanner scale was Al PIII Ma II-III Me (-). Since
androgenization has increased, and the growth rate
over the past six months of follow-up was 1 cm,
it was decided to cancel hormonal therapy. At the
time of completion of treatment, the girl was nine
years old and nine months old. Her physical devel-
opment was assessed as high and harmonious, with
a height of 146 cm (+2.5 SDS), a bodyweight of
40.5 kg (+0.9 SDS weight for height), and a BMI
of 18.9 kg/m? (+1.2 SDS).

One year after the end of therapy with triptore-
lin, an ultrasound scan of the pelvic organs revealed
the size of the uterus and ovaries corresponding to
9 years. X-ray data of her hands showed the bone
age corresponding to 11.5 years. Her sex hormone
levels (LH 5.45 mIU/ml, FSH 7.16 mIU/ml, and
estradiol 49.5 pmol/L) corresponded to stage III
of puberty by the Tanner scale (AIIl PIV Ma III
Me (—)). Her growth rate was 8 cm/year. Menarche
was registered 15 months after discontinuation of
therapy.

A control medical examination, which was per-
formed 30 months after completion of therapy with
triptorelin (3.75 mg), when the girl was 12 years
old and three months, showed that the patient’s
menstrual function became regular 10—12 months
after menarche. The levels of sex hormones taken
on day 5 of the menstrual cycle were 2.61 mIU/ml
of LH, 6.9 mIU/ml of FSH, and 26.1 pmol/l of
estradiol. Ultrasound of the pelvic organs showed
that the size of the uterus and ovaries corresponded
to 12.5 years; single follicles with a diameter of
up to 5 mm were located in the ovaries along the
periphery. The physical development of the patient
was assessed as above average and harmonious. Her
height was 160 (+1.6 SDS), and her body weight
was 50.5 kg (+0.1 SDS). A feminine physique was
formed. Sexual development was AIIl PIV Ma IV
Me (+). Regular menstruation after 28—-30 days cor-
responded to stage IV on the Tanner scale.

The initiation of therapy with a long-acting trip-
torelin drug in our patient enabled us to block the
progression of the gonadarche and slow down the
early closure of bone growth zones. The duration
of therapy was two years, three months. At the end
of therapy, the child’s height was two years ahead

@ Tlegmarp. 2021.T. 12. Bein. 1 / Pediatrician (St. Petersburg). 2021;12(1)

ISSN 2079-7850



CLINICAL OBSERVATION / KJIMHWUYECKWIA CNYYAN

75

of the average height by age and balanced with
bone age. After completion of therapy, gradual de-
velopment of secondary sexual characteristics was
registered. Menarche appeared 15 months after
completion of therapy with triptorelin (3.75 mg).
Then, 2.5 years after the completion of therapy,
the patient’s physical and sexual development and
the results of hormonal and instrumental research
methods corresponded to her passport age.

CONCLUSION

Thus, true idiopathic PP was diagnosed in the
patient with the onset of PP at 4.5 years of age and
the progression of the disease from 6.5 years of age.
Timely diagnostics and efficient and safe therapy
contributed to the normalization of the physiologi-
cal parameters of growth and sexual development
of the child. The latter is explained by the proven
reversibility of a group of drugs of GRH agonists
in treating central forms of PP, including true id-
iopathic PP. The concern is that some other forms
of gonadotropin-dependent PP at the onset start to
manifest in the same way as true idiopathic PP.
Unfortunately, there is faster disease progression,
the closure of growth zones, and the risk of short
stature in adulthood. Pediatricians, in the course
of scheduled follow-up monitoring, may notice the
period of initial manifestations of PP in children,
manifested by an increase in mammary glands in
girls, an increase in the size of testicles in boys,
and a pronounced acceleration of the growth rate,
which is very important for early disease diagnosis.
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