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Mel[I/ILH/IHCKaH BU3ya/in3alyid, KaK KOMIJIEKC MED, OCHOBaHHBIN Ha TIPpUMEHEHUN q)I/ISI/I‘{eCKI/IX METO10B obcie-
JIOBaHUA N HaHpaBJIeHHBIfI Ha OCYIIECTBJIEHNE 3PDUTETBHOTO KOHTPOJIA 3a COCTOSAHUEM NCCJIEYyEMOTro OpraHa 1 TKaH!
NN N3SMEHEHUEM €r0o BCJICACTBHME BHECIIHETO BOSZIeﬁCTBHH ABJIACTCA OZIHOI71 13 OCHOB COBpeMeHHOI'/JI 6e30macHol aHe-
CTE3U0JIOTTIECKOMI TIPaKTUKHU. I'naBHBIM TIPENMYIIIECTBOM BU3YyaJaNU3allNN ABJIACTCA BO3MOKHOCTD 6BICTDO, I/IHd)O]I)-
MAaTUBHO, B PEJKMME PEAJTbHOTO BPEMEHU! TTOJIYYNTH HeO6XO]II/IMbIe JANAarHoCTU4YeCKue JlaHHbI€ O COCTOAHMHN OCHOBHBIX
CHCTEM OpraHusMa. KPOMG TOTO, €€ IPUMEHEHNE ITO3BOJIAECT YMEHBIITUTDH PUCKN PA3BUTUA OCJIOKHEHU TIPYU BBIIIOJI-
HEHUN MaHHHy]IH]_[Hﬁ. B HaCTOAIIEM 0630pe YKa3aHbl BOBMOKHOCTHU PAa3JINYHBIX METO/IOB BU3YyaJan3allnm, X 110J0-
JKUTEJIbHBbIE N OTPUIlAaTEJIbHbIE CTOPOHBI, 0COOEHHOCTN TIPUMEHCHUA.

Knioueswte cnosa: BU3YAIU3AUUA, YIbMPA3BYKOBOE UCC]le‘aOGCZHue,' peHmzeHozpaq’)uﬂ; 66307’16167—!067?’[17,’ Kamemepu-
3AUUsl 6€H, pEZUOHAPHAS AHECME3US, OUECHKA cepaelmozo 6b16p06d

Medical imaging deals with physical examination and visual monitoring the organs and tissues. The main ad-
vantage of the imaging is capability to get quick and informative diagnostic data on the state of the main body
systems in real time. In addition, imaging system using can reduce the risk of complications during manipulations.
In this review, the potential of various imaging techniques, their advantages and disadvantages, and features of their
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application in anesthesiology are discussed.
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BBenenue

B anecresnosornueckoil mpakTuke mnepuorepa-
[IIOHHAs GE30TACHOCTD MAIUEHTA BO MHOTOM 3aBUCUT
OT BO3MOYKHOCTH 9KCITPeCC-AMarHOCTUKN ;KU3HEYTPO-
JKAIOMUX cocTogHni. Kpome ToOro, BBITIOJIHEHUE Pa3-
JIMYHBIX HHBA3UBHBIX (B YaCTHOCTU OJIOKAJL, Ty HKITUIA
MaruCcTPaJbHbIX COCYNOB ¥ T./I.) U HEMHBA3WUBHDIX
MaHUITYJISAIUN (JIAPUHTOCKOIUST ) HEPEIKO COIPSIKEHO
C PUCKOM MITATHBIX OCJOKHEHUI, KOTOPBIX MOXKHO
usbexarb mpu 00bEKTUBHOM KOHTPOJIE. Tak, 3Hauu-
TEJILHO MOBBICUTD YPOBEHD GE30IACHOCTH 1, B KOHEU-
HOM cyYeTe, TOBJIMATH Ha MCXO/] OTIEPATUBHOTO BMeIIa-
TEJIBCTBA CIIOCOOHO PAIMOHAIBHOE HCIOJIb30BAHIE
MEeIUITMHCKON Budyanudanuu. MeauiimHcKas Busya-
JIN3AIMS — KOMILTIEKC Mep, OCHOBAHHBIH Ha TTPUMEHe-

Introduction

In an anesthesiology practice, patient’s periopera-
tive safety largely depends on the availability of urgent
methods of diagnosis of life-threatening conditions. In
addition, various invasive (e. g, blockades, punctures of
the great vessels, etc.) and non-invasive manipulations
(laryngoscopy) are commonly associated with the risk
of regular complications, which can be avoided under
the objective monitoring. Therefore, the rational use of
medical imaging can significantly increase the level of
safety and, ultimately, affect the outcome of a surgery.
Medical imaging represents a set of techniques that are
based on physical examination and aimed at visual mon-
itoring of the state of organs and tissues under test or
their alterations due to various factors.

Anpecc 1151 KOPpPeCHOH/ICHIIUN:

Kupu /Iy6poBun
E-mail: cyrill81@gmail.com

Correspondence to:

Kirill V. Dubrovin
E-mail: cyrill81@gmail.com

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 6



DOI:10.15360,/1813-9779-2018-6-80-94

O6zopsr
|

HUM (DUBUYECKUX METOIOB 0OCTIE0BAHNS U HAIIPAB-
JIEHHBII Ha OCYTIECTBIIEHIIE 3PUTETBHOTO KOHTPOJIS 38
COCTOSTHMEM MCCJIEZyeMOr0 OpraHa 1 TKaHu UK U3Me-
HEHMEM €ro BCJIEJCTBUE BHEITHETO BO3/IEMCTBUSI.

O bPEKTUBHOCTD PA3TNIHBIX METO/IOB BU3YaJTH-
3aI1K, BO3MOXKHOCTEH MX UCIIOIh30BAHMS B aHECTe-
3MOJIOTHY BO MHOTOM CBSI3aHBI ¢ Ga30BBIMI MEXaHU3-
MaMHM MPUBJIEKAEMBIX TeXHOJIoruil. C aTHX TO3UIINIA,
IS JTY4IIero TTOHUMAHUS PAIIMOHATBHOCTH MCIIOJIb-
30BaHUsT BU3YAJM3AIIUY, TIPEACTABIAETCA T1ETIeCO06-
Pa3HBIM KJIACCHU(PUITIPOBATH CYIIECTBYIOIINE METO/IBL.

Mertoapl BUu3yanusanuu: Kiaccuuramus

MeTtonbl MeIUITMHCKON BU3YyaIU3alMU MOKHO
KJIaccuUuIIMpoBaTh B 3aBUCUMOCTU OT (PU3UYECKOTO
MIPUHITHIIA, JIeKAIIETO B X OCHOBE.

1. MeTto/b1, OCHOBaHHbIE HAa U3JTyYEHUH.

1) Pentrenorpadus.

2) TeroBunenue.

3) NudpakpacHas crieKTpOCKOIHSL.

2. BouHoBBIE METOBI.

1) ¥YnbrpazByKOBbIE BOJIHBI.

3. DNeKTpPOCBI3b.

1) dugockonwmsi:

a — npsmMas;
6 — OITOBOJOKOHHAS.

2) TeneBujienue (BU1€0-aCcCOIMUPOBAHHBIE METO-
JIbI ICCJIE/TOBAHIS ).

MeTozibl BU3yaiu3aliuu 1MO3BOJISIOT OCYIIECTB-
JIATh IMATHOCTUKY B PEsKUME PeasibHOro BpeMent [ 1, 2]
HEIOCPEeCTBEHHO Y IocTenu 60sbHoro [3], Bo Bpems
onepayu [4] u gaxe Ha Mecte mpouciuecTsus [5], 6es-
OIACHO OCYIIECTBIISATH UHBA3UBHBIE MAHUITYJISATN (€3
pUCKa MOBPEK/IEHUST OKPYKAIONINX CTPYKTYP [6]. Bme-
CTe ¢ TeM, IPUMEHUTEbHO AHECTE3NOJIOTUN W PEeaHt-
MaTosioruu 3PpHeKTUBHOCTh METO/IOB BU3YAJIU3AIUU
oleHuBaeTcss u3buMpareabHo, Ge3 ydera (HaKkTOpOB,
OTPAaHUYMBAIONINX UX MTpuMeHenue. C aTUX MO3ULNIA
IIPEJICTABIISAETCS OIPABJAHHBIM PACCMOTPETD UX TIPAK-
TUYECKHEe BO3MOXKHOCTH.

IHIOCKOIHS

IH/IOCKOIIMST — TEXHOJIOTUs, TIpeIHa3HAYeHHAs
JJIsI BU3YAJIbHOTO OCMOTPA BHYTPEHHel OBEPXHOCTU
oprana — nuieBoja (T C), marku (yrepockorng),
Tpaxen (TpaxeocKonus ), 6poHX0B (OPOHXOCKOINS) ¢
UCIIOJIb30BAHUEM TI0JIOH TPYOKU, CUCTEMbI 3epKaJl 1
UCTOYHUKA cBeTa. BriepBbie pean3oBaTh 9Ty BOZMOXK-
HOCTb yzanock Bozzini 1809, KoTopbiii nmpucocodmn
JUIS1 9TOTO TIOJIyI0 TPYOKY 1 uctouHuk ceeta | 7). Tlosz-
Hee, B 1826 roxy dpanitysckuii Bpau Segal mpumera
YCTPOMCTBO C TIOXOKUM TPUHITUIIOM JCUCTBUS I
BU3YaJIbHOIO OCMOTPA BHYTPEHHEI TOBEPXHOCTHU YPET-
PBI, MOYEBOTO T1y3bIPsl, MATKH, TIPSIMOI KHIIIKH, TTHIIIE-
Boma 1 skeqyzka [8]. B 1897 1. Hemerkuii oropuHosia-
punrosior Gustav  Killian BrepBbie  BbITIOTHUI
OPOHXOCKOIINIO, YTOObI M3BJI€Yb HHOPOAHOE TEJIO
(xycok kocTtn) u3 ripocserta 6ponxos [9]. O e BBEN B

The effectiveness of imaging methods and their
possible use in anesthesiology are largely related to the
basic mechanisms of the technologies involved. From
this point of view, it seems appropriate to classify ex-
isting methods for a better understanding the reasons
to employ the imaging techniques.

Imaging techniques. Classification

Medical imaging techniques can be classified ac-
cording to the main physical principle that is em-
ployed for the non-invasive visualization.

1. Methods based on radiation.

1) X-ray;

2) Infrared imager;

3) Infrared spectroscopy.

2. Wave imaging methods.

1) Ultrasonic waves.

3. Electric communication.

1) Endoscopy:

a — direct;
b — fiber optic.

2) Television (video-associated assays).

Imaging techniques allow real-time diagnosis [1, 2]
directly at a patient's bedside [3], during surgery [4].
It even allows to perform safely invasive procedures
without the risk of damage to surrounding structures
at the accident scene [5—6]. At the same time, in the
anesthesiology and intensive care, the effectiveness of
imaging techniques is evaluated selectively, without
taking into account the factors limiting their use. From
this point of view, it seems justified to consider their
practical potential.

Endoscopy

Endoscopy is a technology designed for visual in-
spection of the internal surface of the esophagus
(EGDS), uterus (hysteroscopy), trachea (tra-
cheoscopy), bronchi (bronchoscopy) using a hollow
tube, a system of mirrors and a light source. For the first
time, this technique was implemented by Bozzini
in1809, when he adapted a hollow tube and a light
source for this purpose [7]. Later, in 1826, a French
physician Segal used a device with a similar operating
principle for visual examination of the inner surface of
the urethra, bladder, uterus, rectum, esophagus and
stomach [8]. In 1897, a German otorhinolaryngologist
Gustav Killian performed bronchoscopy for the first
time to remove a foreign body (a piece of a bone) from
the bronchial lumen [9]. He also introduced the term
«bronchoscopy» into clinical practice. In Russia, the
first bronchoscopy was carried out by K. M. Schmidt in
1903 [10]. In all these cases, devices with a single prin-
ciple of operation were used. Then the development and
progress in anesthesiology contributed to the wide-
spread use of bronchoscopy, especially for diagnostic
purposes. In 1956, Friedel designed a rigid breathing
bronchoscope, using which it became possible to carry
out manipulations mainly under general anesthesia with
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KJIMHUYECKYIO PAKTUKY CaM TEPMUH «GPOHXOCKOITHST».
B Poccun nepsyio 6ponxockonuio B 1903 r. mpumenn
K. M. IIImupr [10]. Bo Beex aTux ciryyasix MCIoJIb30Ba-
JIUCHh YCTPOMCTBA € €ZIMHBIM MTPUHIIUIIOM JleficTBUS. B
NaJIbHERIeM, TTOBCEMECTHOMY MCTIOJIb30BAHUIO GPOH-
XOCKOTIMH, TPEKIE BCETO B TMATHOCTUYECKUX IEJISX,
C11ocoOCTBOBAIIN PA3BUTHE U ITPOTPECC AHECTE3UOJIOTUH.
B 1956 1. H. Friedel ckoncTpynpoBai sKecTKuii abixa-
TEJbHBIE GPOHXOCKOTI, C €r0 UCTIOIb30BAHUEM CTAJIO
BO3MO’KHBIM ITPOBEIEHNE MAHUITYJIAIUN TTPEeuMyIIe-
CTBEHHO B YCJIOBUSX 001l aHeCTe3UH ¢ UCKYCCTBEH-
noit Beatussiimedt gerkux (MUBJT) [11]. Otivaurens-
HOIT 0COOEHHOCTBIO GPOHXOCKOIIA, 32 CUET Pa3MEICHVsT
HCTOYHUKA CBETA COOKY, CTa/la BO3BMOKHOCTD TIPOBEIe-
HUS BBICOKOYACTOTHOH MCKYCCTBEHHOW BEHTUJIAIIUU
nerkux (BUMBJI) u cBoGoAHOE BBIIOIHEHNE PA3JI-
HBIX MAHUITYJISIMI B YCJIOBUSAX OO aHeCTe3n .
[TosiBsieHME ONITOBOJIOKOHHBIX dHIOCKOTIOB TIPO-
M3BeEJIO PeBoJIOIHI0 B 6porxosorun. B 1968 r. smon-
ckuit 6porxosior S. Tkeda BeimosHwI epsyto Gubpo-
GPOHXOCKOIWIO, 4TO TMO3BOJUIO B OOJIBITUHCTBE
CJIy4aeB OTKAa3aThCsl OT OOIIEH aHecTe3uu 1 Cyiie-
CTBEHHO PACHIMPUTH TTOKA3aHUSA K 9TOMY METONY, B
TOM 4ucJe s uatybarmu tpaxen [12]. B ocnose
(bu6POOPOHXOCKOIIMK  UCTIONB3YETCs  OTITHYECKAsT
CUCTEMa, COCTOSAIIAs U3 MUHMATIOPHON KaMephl C
OTITOBOJIOKOHHOH JIMHUEH, YTO MO3BOJISAET HE TOIBKO
OCYIIECTBUTb OCMOTP CTPYKTYPBI, HO U 3a(UKCHPO-
BaTh II0JIydeHHoe nsobpaxkenue [13]. Pacmupenne
BO3MOKHOCTE! TEXHOJIOTUY BU3YaIU3aIllUN BHYTPEH-
HUX CTPYKTYP Ha CETrOJHANIHUH /IeHb CBSA3aHO C IPU-
BJICUEHNEM BUJICOTEXHUKH, O/THAKO B CBSI3H C TEM, UTO
ero 06J1acTh MPUMEHEHUsT CMEXKHasT C AHIO0CKOTHYe-
CKOUM MBI penmii 00beIMHUTL UX B OJIMH pasjen. B
AHECTEe3MOJIOTUY U MHTEHCUBHOM MeJINIINHE TPUMEHe-
HUE 9HIOCKOTTMYECKON U BU/ICOACCUCTUPOBAHHON TeX-
HUKH, KaK TIPABUJIO, OTPAHIYEHO OI[EHKOH COCTOSHUSA
BepxHUX AbixaTesabubix myrteit (B/I1T) u mopgnepsxkanm-
eM mpoxoaumocTu ibixaresabubix myTeit (ITTIIT).
[TpakTHyecku BaskHO, YTO B MTOBCEHEBHOMN aHe-
CTE3UOJIOTHYECKON TpakTuke (hubpOOPOHXOCKOTIHS
(DOBC) crana 30J0THIM CTAHIAPTOM B PENEHIH MTPO-
6aembl TpyaHOM nuTyGanuu [14, 15]. ®DBC nox konr-
poJieM 3peHust BBOJIUTCS B TPAXeIo, a SHAOTPaxeIbHas
tpy6ka (3TT) mpoBoaUTCs 0 HEMY KaK II0 IIPOBOJI-
HUKY, U4TO CYIIECTBEHHO TOBBINIAET (E30MaCHOCTb
MaHWTY AU, DTOT 04eHb 3(PHEKTUBHBIN METO, K
CO’KaJIEHUIO, He JIMIIEeH HeJ0CTaTKOB, HECMOTPS Ha
MIPOBEJICHUE CeIAlliU, MOKET COITPOBOXK/IATHCS BbIpa-
JKEHHBIM TICUX0-3MOITNOHAIBHBIM JincKoM@opToM [ 16,
17]. Kpome Toro, 6pOHXOCKOIIMS MOKET IIPUMEHATHCS
ISt BepUDUKAIIH MOJOKEHUsT Kak OOBIYHOMN, TaK ¥
neyxnpocsernoit DTT, mpuMensieMoil 711 9HI0OPOH-
xuajbHoi nuarybanuu [18], a Takike ycraHOBKU OPOH-
xobs10karopos (BB) mpu onepanusix na jgerkux [19].
[Tosyuniu pacpocTpanenye OHO- U IBYXITPOCBET-
ubie DTT co BcTpoeHHO# KaMepoil BBICOKOTO pa3pe-
HIEHUs, TI03BOJILIONINE TPOU3BOIUTD BU3YaTU3AIIUIO
GPOHXOB ¥ MO/l KOHTPOJIEM 3PEHUST TPOU3BOUTH YCTa-

mechanical ventilation [11]. The availability of high-fre-
quency ventilation (HFV) and unrestricted perform-
ance of various manipulations under general anesthesia
became distinctive features of the bronchoscope due to
the placement of the light source on one side.

The invention of fiber optic endoscopes has revo-
lutionized the bronchology. In 1968, a Japanese bron-
chologist S. Tkeda performed the first fibrobron-
choscopy, which allowed to abandon the general anes-
thesia in most cases and expand the indications for this
method significantly, including tracheal intubation
[12]. The fibrobronchoscopy is based on an optical sys-
tem consisting of a miniature camera with a fiber optic
line, which allows not only to inspect the structure, but
also to register the image obtained [13]. The expansion
of the imaging technology of internal structures is cur-
rently associated with involvement of video equipment,
however, since its scope of application is adjacent to the
endoscopic one, we decided to combine them into one
section. In anesthesiology and intensive care, the use of
endoscopic and video-assisted techniques is generally
limited to assasing the upper respiratory tract and
maintaining the airway patency.

It is practically important that in everyday anes-
thetic practice fibrobronchoscopy (FBS) should be-
come the gold standard in solving the problem of
difficult intubation [14, 15]. The FBS is introduced
into the trachea under visual monitoring, and the en-
dotracheal tube (ETT) is introduced along it as a
guide, which significantly increases the safety of the
manipulation. This very effective method, unfortu-
nately, is not without defects, and despite sedation it
may be accompanied by severe psycho-emotional dis-
comfort [16, 17]. In addition, bronchoscopy can be
used to verify the position of both conventional and
double-lumen ETT is used for endobronchial intuba-
tion [18], as well as the installation of bronchial
blocker (BB) in the pulmonary surgery [19]. One-
lumen and two-lumen ETTs with a built-in high-res-
olution camera allowing visualization of the bronchi
and BB installation under visual monitoring [20] be-
came widespread. The easiness of installation and re-
duction of the risk of damage to the bronchial mucosa
is the undisputable advantage of this system [21].
There is a large number of studies published to date
confirming the effectiveness of this technique [22—24].

The use of video laryngoscopes (VLS) seems to be
an alternative to FBS to facilitate tracheal intubation
after induction of anesthesia [25]. The advantages of
VLS are obvious: intubation after induction of anesthe-
sia, visual monitoring of ETT through the vocal cords,
reduction of the risk of soft tissue damage of the orophar-
ynx and larynx, less severe hemodynamic pressor reac-
tion [26]. On the other hand, there are restrictions for
VLS after induction of anesthesia, such as the likelihood
of difficult ventilation. In this case, however, the VLS can
be used after local anesthesia and blockade of the supe-
rior laryngeal, lingual and glossopharyngeal nerves;
opening of the mouth is impaired to 1.5 cm [27, 28].
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HoBky bb [20]. BeccniopubiM 1Ipenmy1iiecTBOM JlaH-
HOIi CHCTEMBI SIBJISIETCS TPOCTOTA YCTAHOBKHU M YMEHbB-
IeHue PUCKa TOBPEKICHUS CAUZUCTON 060JOUKY
6ponxos [21]. K HacTosImeMy MOMEHTY CYILECTBYET
GOJIBIIIOE KOJUYECTBO UCCIIEIOBAHUT, TOATBEPIKAAI0-
X 3(hheKTUBHOCTD TAHHON MeTonKY [22—24].

AnvrepaatuBoit @BC MOXKeT CIyKUTh TIpUMe-
nenwue Bujeosapuarockonos (BJIC), no3Bosgionmx
MPOBOIMTH MHTYOAIIUIO TPAXEH MOCTIE BBEICHWS B aHe-
creanio [25]. [Ipeumyiectsa BJIC oueBumHbI, HHTY-
Garyst mocse TPOBEIeHUs NHAYKIIMU B aHECTE3WIO,
BU3YyaJbHBII KOHTPOJIb 1poBesienust T T uepes roJio-
COBbBIE CKJIA/IKM, YMEHbIIIEHUE PUCKA TTOBPEKICHUS
MATKUX TKaHEl POTOTJIOTKU U TOPTaHU, MeHee BbIpa-
JKeHHAd TPecCopHas reMoJMHaMUYecKas peaKIlus
[26]. C npyroii ctopousl, nis BJIC mocsie nnykimm
B AHECTE3WIO CYIIECTBYIOT M OrpPaHMYEHUS, BEpO-
ATHOCTD TPYZIHOM BEHTUJISAIINH, OTHAKO, B ATOM CJIydae
BJIC MoKHO HCIIOJIB30BATH TIOCJIE BBITIOJHEHUS MECT-
HOU aHecte3any U GJOKajbl BEPXHETO TOPTAHHOTO,
A3BIYHBIX U S3BIKOTJIOTOYHBIX HEPBOB, TIPX OTpaHye-
HUU OTKpbIBanus pra 10 1,5 cm [27, 28].

Pentrenorpadus

PenTrenosornyeckoe uccieioBaHue sBJISETCS
OJTHUM M3 CTAPEHIITNX METOIOB BU3YAIU3AIINH B ME/IH-
IUHCKON MPaKTUKe, KOTOPBIN 1MO3BOJSET TOTYYUTD
u300pakeHye OpraHos U TKaHei [29] mocie npoxox-
JleHUS MOHU3UPYIONIEro M3Jy4eHUs] dyepe3 TKaHU C
nocJie/yonieit pukcarueil Ha pEHTreHOYyBCTBUTEb-
HOW TIeHKe WK B 1 poBoM Buge. MeToj ObL o1u-
caH HEeMeIKUM nccienosaresieM Buabreasmom Pent-
reioM B 1895 romy W 10 HACTOSIIETO BPEMEHU
OCTAEeTCSA OJIHUM U3 00SI3aTEIBHBIX DJIEMEHTOB JINar-
HOCTHUYECKOTO ITPOTOKOJIA ITPU MHOTOYMCJICHHBIX KJIH-
nuueckux curyanugx [30]. C pazButueMm coBpeMeH-
HOU TEXHWKM PEHTTeHOBCKHUE allapaTbl CTaju
MOOGUIILHBIMHU, MTOSBUIACH BO3SMOKHOCTD UX TI€peMe-
HIeHUs HETIOCPEJCTBEHHO K TAIIMEHTY, U BBIIIOJIHEHUS
PEHTTEHOBCKOTO CHUMKA B PEKIMe PeasibHOTO BpeMe-
nu [31]. B anecre3uosioruu penrrenorpadus ucmoib-
3yercs, B OCHOBHOM, JIJISI TMATHOCTUYECKON OIICHKU
MOJIOKEHUS IEHTPAJIbHBIX BEHO3HBIX KaTeTEepPOB,
HHIIOTPAXEATbHO TPYOKU U IKEJYJOYHOTO 30H/A
nocJie ux ycranoku [32]. Pertrenorpadus moarsep-
JinJia ¢BoIo 3 (PEKTUBHOCTD TIPU UCCJIEIOBAHUYT OpTa-
HOB TPYZIHOH TIOJIOCTH C 11€JIbIO TIOATBEPSKACHUS ITHEB-
MO- WJIM TU[POTOPAKCA, BBIABJIEHUI XapaKTePHOI
KJIMHUYECKOM KapTUHBI PA3BUTHUS OTEKA JIETKUX, [THEB-
mounu, OPJIC [33]. B akcTpeHHOI MeANITIHE UCIIOJTh-
3y10T 0030pHYIO peHTreHorpaduio rpyAiHoii u 6pior-
HOHM IIOJIOCTH, MAJIOTO Ta3a, TOJIOBBI W Ieu [
HCKJIIOYEHUS TPAaBMATUYECKOTO MOBPEKICHUS KOCT-
HBIX CTPYKTYP, HOJTBEPKACHUS OTeKa JIETKUX, Pa3pbl-
Ba I0JIOTO OPTaHa, BbISIBJIEHUS UHOPO/IHBIX TeJl [34].

JlasbHeiinium  pa3BuTueM peHTreHorpaduu
cTajno nosiienue komibiorepuoii tomorpadguu (KT)
(1970-€), 4yTO TIO3BOJIMIIO PACHIUPUTH JMATHOCTUYE-

X-ray

X-ray examination is one of the oldest imaging
methods in medical practice, which allows to obtain
images of organs and tissues [29], after passing the of
ionizing radiation through the tissues, followed by
record of the image on the X-ray film or in digital
form. The method was described by the German re-
searcher Wilhelm Runtgen in 1895 and remains one
of the mandatory elements of the diagnostic protocol
in numerous clinical situations. [30]. With the devel-
opment of modern technology, X-ray equipment has
become mobile; it is possible to bring it directly to the
patient and perform a real-time X-ray test [31]. In
anesthesiology, radiography is mainly used for diag-
nostic evaluation of central venous catheters, endotra-
cheal tube and gastric probe after their installation
[32]. Radiography has confirmed its effectiveness in
the study of the chest to confirm pneumo- or hy-
drothorax, to identify the characteristic clinical pres-
entation of pulmonary edema, pneumonia, ARDS
[33]. In emergency medicine, survey radiography of
the chest and abdomen, small pelvis, head and neck is
used to exclude traumatic damage to bone structures,
to confirm pulmonary edema, rupture of a hollow
organ, and to identify foreign bodies [34].

Computed tomography (CT) became the next
step in development of radiography (1970s), which al-
lowed to expand the diagnostic potential of the method,
to obtain a detailed high-resolution image of internal
organs [35]. The method is based on the measurement
and complex computer processing of the X-ray attenu-
ation difference by tissues of various densities. Portable
tomographs are used for the diagnosis of acute neuro-
logical and neurosurgical pathology [36].

In the anesthesiology practice and in the treat-
ment of chronic pain syndromes, the opportunity to
perform guided manipulations on the nerves and gan-
glia when performing blockades became an additional
advantage of MSCT. In these cases, indirect imaging
technique is used, bringing the needle to the nerve-as-
sociated bone structures [37]. Examples include
blockades of the sensitive facial nerves and introduc-
tion of an anesthetic into the zygapophysial joints to
relieve back pain [38]. Data on similar effectiveness of
sonographic methods that do not have radiation ex-
posure have been obtained recently in relation to the
latter technique [39].

The disadvantages of radiography include the ra-
diation load limiting the frequent use of radiography,
static image, and low information content due to the
projection overlapping of tissues layer images [40].

Radioisotope imaging technique

The radioisotope method is based on the intro-
duction of radioactive isotopes into the bloodstream
and the subsequent determination of the emitted pho-
tons [41]. In intensive care, this method is used to as-
sess the state of perfusion and functional activity of
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CKM€e BO3MOKHOCTH METO/a, TOJYYaTh NeTaJbHYIO
KapTUHY COCTOSTHUST BHYTPEHHUX OPTAHOB B BBICOKOM
pasperiiennn [35]. B ocHoBe MeTO/1a JIESKUT U3MEPEHHE
U CJOKHAS KOMIIBIOTEpHAsA 06paboTKa PasHOCTH
octabJieHnsT PEHTTEHOBCKOTO U3JIyYeHUsT PA3JINIHbI-
MU TI0 TJIOTHOCTU TKausiMu. [lopTraTtuBibie TOMOrpa-
(BI UCTIONB3YIOT [/ TUATHOCTUKU OCTPOI HEBPOJIO-
TMYeCKOi U HEHPOXUPYyprudeckoil natoyoruu [36].

B amnecre3uosiornueckoii mpakTHKe U MpU Jede-
HUM XPOHUYECKUX OOJIEBBIX CUHPOMOB, JOTIOJHHU-
tenbHbIM TIpermytiiectBoM MCKT crasa nmosBuBiasi-
Cs1 BO3MOJKHOCTBH BBITIOJHEHUST KOHTPOJUPYEMBIX
MaHWITYJISII HA HEPBAX U FAHTJIUSX TIPU BBIMOJIHE-
HUK OJT0Ka/. B 9THX cirydasix HCMOIb3YIOT HETPSIMYIO
TeXHUKY BU3YaIU3AIUU, TIOABO/IS UTITY K ACCOIIUUPO-
BAHHBIMU C HEPBOM KOCTHBIM CcTpyKTypam [37]. [Ipu-
MepaMu MOTYT CJIY;KUTh OJIOKa/bl UyBCTBUTEIBHBIX
HEPBOB JIUIIA U BBeJleHNe aHeCTETHKA B [yTOOTPOCYa-
Thie cycTaBbl [JIs1 objerdenust 6ou B crimue [38].
XOTsI OTHOCUTENBHO TIOCJEIHel METOAMKU CTaju
MOSIBJISATHCS JTAHHBIE O cX0sKell ahdekTuBHOCTH Y 3-
METO/IOB, HE MMEIOTIUX JIy4eBoii Harpysku [39].

K memocrarkam pertrenorpaduu oTHOCAT (hak-
TOp JIy4eBOW HArpy3KH, OTPaHMYUBAIONIMII YacToe
pUMeHeHre PEHTTeHOrpadun, CTAaTUYHOCTb MOJIydae-
MOTO M306pakeHUs, HUBKYIO WH(MOPMATUBHOCTD,
BCJIE/ICTBUE MPOCKIIMOHHOTO HACIOCHUS N300paKe-
HUS CJIOeB TKaHeli apyr Ha apyra [40].

PanuonzoronHblii MeTO/1 BU3yaIu3aIuu

Pannonsororriplii MeTo OCHOBAH HA BBEIEHUU B
KPOBOTOK Pa/IMOAKTUBHBIX N30TOIOB 1 MOCIEAYIONTIM
orpejiesieHny u3aydeHHbIx umu ¢dotonoB [41]. B
MHTEHCUBHON Tepanuy JaHHbIi METO/] UCIIOIb3YeTCs
JUTS OIIEHKY COCTOSTHUS TIepy3unt ¥ (hyHKITMOHAIBbHOM
AKTUBHOCTU MUOKap/a, 9 heKkTuBHOCTHU perepdy3noH-
HOI1 Teparn. MeTo/1 BbICOKO ntH(opMaTuBeH, 1oJIyve-
HUe Pe3yJbTaTa MIPOUCXOIUT B TeUeHHe HECKOJIbKUX
MUHYT, O/[HAKO €0 BBITIOJHEHHE TPEOYET CIEUaIbHOTO
060PYI0BAHISE U, COOTBETCTBEHHO, IEPEBOJIA IAIUEHTA
B crieluaan3upoBantoe oraesenne [42]. CyiecrBen-
HBIM HeJIOCTAaTKOM SIBJISIETCS JiyueBast Harpyska [43].

K paamonsoTonubiM MeToaM HUCCIe0BaHUS
MOJKHO TAK)KE OTHECTH MCCJIe0BAHUsT 00beMa ILIa3Mbl,
HPUTPOIUTOB, oObeMa UpPKyJupyioteir kposu. C
OJTHOI CTOPOHBI, B TO BPpeMs KaK HEKOTOPbIE aBTOPBI,
narpumep J. G. Jones, oluchIBaIOT BEICOKYIO TOUHOCTb
PaJIMOM30TOITHOTO METO/Ia UccieloBanus [44], npyrue,
B yactaoctu — lijima (1998), ykasbiBaior Ha orpanu-
YEHHOCTH [TPUMEHEHUST OA0OHBIX METOIOB B KINHU-
YeCKOU MpaKTUKe M3-3a OTPAHUYEHUN CBSI3AHHDBIX C
JOCTYITHOCTBIO PAIMOAKTUBHBIX IIPENAPATOB, OT/IABAs
MIPEATIOUTEHNE METOLY Pa3BeIEHUST KpacuTest [45].

YiabTpasByk

YnbrpasBykoBoe uccienoBanue (Y 3) BOILIO B
MEIUTIMHCKYIO TIPAKTHKY ¢ cepenntbl 50-x rogoB XX
BeKa, KOI/Ia, UCIIOJIb3YsI ATOT METO/I TTBITAJINCH UCCJIe-

the myocardium and the effectiveness of reperfusion
therapy. The method is highly informative, the result
is obtained within a few minutes, but its implementa-
tion requires special equipment and, accordingly, the
transfer of the patient to a specialized unit [42]. The
radiation load is its significant disadvantage [43].

Radioisotope methods of research may also in-
clude the study of plasma and red blood cells volume
and the circulating blood volume. On the one hand,
while some authors, for example, J. G. Jones describe
high accuracy of the radioisotope method [44], others,
in particular, Iijima (1998) indicate restrictions of
such methods in clinical practice due to limitations re-
lated to the availability of radioactive drugs, thus giv-
ing preference to the dye dilution method [45].

Ultrasound

Sonography has been used in medical practice
since the mid-1950s, when they tried to investigate the
functional state of the heart and central nervous sys-
tem using this method [46]. It is based on the registra-
tion of the propagation and reflection of ultrasonic
waves in the body tissues. Sonographic methods have
been introduced in the anesthesiology practice, rela-
tively recently. At present, this method has become the
most accessible and is used for both diagnosis and con-
trol of manipulations in order to reduce the risk of com-
plications [47]. Compared to radiography, sonography
provides higher sensitivity and specificity values.

I. Sonography of the nervous system. Assess-
ment of a number of nervous system parameters is one
of the areas of application of sonography, when it can
be a reasonable alternative to invasive methods. Along
with invasive methods for assessing intracranial pres-
sure (intraventricular pressure), it is possible to diag-
nose intracranial hypertension (ICH) based on
indirect signs. Traditionally, intracranial hypertension
is diagnosed by optic papilla edema while studying the
fundus [48]. However, it is possible to assess the state
of this anatomical structure with sonography. The di-
ameter of the optic papilla of more than 5.2 ¢m indi-
cates intracranial hypertension. The high efficiency of
the method has been confirmed in a number of studies
[49,50,51]. Its advantages include: availability, easi-
ness of implementation, low invasiveness, no radiation
load. At the same time, the technique does not allow
to determine the causes of ICH because of its non-
specificity; in addition, it is difficult to use it when the
eyeball is damaged. The effectiveness of this method
can be assessed by the G. Ravishankar's works (2008);
the study of the optic nerve sheath is a sensitive ICH
screening method, especially in the case of massive ad-
mission of patients or in the non-hospital setting [52].
The positive experience while using this technique
was also described by J. Irazuzta (2016) and P. del Saz-
Saucedo (2016) [53, 54]. On the other hand, A. Le
(2009) pointed out that the use of this screening in pe-
diatric practice is not enough for diagnosis; it is prob-
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J10BaTh (PYHKIMOHAJIBHOE COCTOSTHUE CepJilla U 1IEeHT-
pasbHOU HepBHOI cuctembl [46]. B ero ocHoBe sexxut
perucTparms pacipocTpaHeHUs U OTPAsKEeHUS YIIBTPa-
3BYKOBBIX BOJIH B TKaHSAX opranusma. B anecresnoso-
TMYECKON MTPaKTUKE YJIBTPa3ByKOBbIC METO/IbI CTAJIN
MPUMEHATH CPaBHUTEIbHO HelaBHO. B Hacrosmiee
BPEMst 9TOT METO/] CTaJl HanboJiee IOCTYITHBIM U MTPHU-
MeHSIeTCS KaK /I AMarHOCTUKY, TaK U 7151 KOHTPOJIS
BBITIOJIHSAEMBIX MaHUITYJAIUN C TIeJIbI0 CHUKCHUS
pucka pazBuTus ocnoxkuenuit [47]. Ilo cpaBHenwuio ¢
pentrenorpadueii, ¥ 3 obmamgaer 60jee BICOKON UyB-
CTBUTEJIBHOCTBIO U CIIEIUMDUUHOCTDIO.

I. Y3 inuarHocTMka CcOCTOSIHUSI HEpPBHOU
cucrembl. OxHoit u3 obiacreil npuMenenust Y3
MCCJIEZIOBAHUS MTPENICTABISACTCS OlleHKA PA/la TTOKa3a-
Teseil HepBHOHM cHcTeMbl, Korza Y3 MOKeT OBITh
Pa3yMHON aJIbTepHATUBON WHBA3UBHBIM METOJ/IAM.
Hapsny ¢ nnBasuBHBIMU METOZIaMU OTICHKU BHYTPHU-
YeperHoro JiaBjaeHus (BHYTPHUIKETY/I04KOBOE /laBJie-
HUE), CYNIeCTBYET BO3MOXKHOCTD ITPOBOJIUTD JIUATHO-
cTuky BHyTpuuepernnoii tuneprensun (BYI) mo
KOCBEHHBIM ITPU3HAKaM. TPauIIMOHHO HATTUYHIE BHYT-
pUYEpEITHON TUIePTEH3UN IUATHOCTUPYIOT 1O OTEKY
COCKa 3pUTEIHLHOTO HepBa TP UCCJIeIOBAHUY TJIA3HO-
ro aHa [48]. OxHako oleHuTh COCTOSTHUE JIAHHOW aHa-
TOMUYECKOH CTPYKTYPbI MOKHO M TIPH MCII0JIb30BA-
auu Y 3. [luamerp cocka 3puTeIbHOro Hepsa 6oJiee
5,2 cM yKa3blBaeT Ha Pa3BUTHE BHYTPHUUYEPEITHOI
rurieprensun. Beicokas appekTruBHOCTH MeTo/a Oblia
JIoKazaHa B psizie uccnenosannii [49-51]. K ero mpe-
MMYIIECTBAM OTHOCATCS: JIOCTYITHOCTD, IPOCTOTA
BBITIOJTHEH NS, MaJlas MHBAa3UBHOCTD, OTCYTCTBHE JIyde-
BOM Harpysku. B To ske BpeMsi MeTo/inKa He T03BOJISICT
onpenenuTs npuunnbl BUI, BBUAY cBoelt Hecnelu-
(uunocTu, Kpome TOTO, €€ MPUMEHEHUE 3ATPY/IHU-
TEJBHO TMPHU TOBPEKIACHUM TiaaszHoro sibaoka. O6
a(dEKTUBHOCTH IAaHHOTO METO[A MOKHO CYIUTD IO
pabore G. Ravishankar (2008), uccrenosanue 060-
JIOUKU 3PUTEJIBHOTO HEPBA ABJISETCS YYBCTBUTEIb-
HBIM CKPUHUHTOBBIM MeTogoM BUI, ocobenno B ciy-
Yyae MaCCUBHOTO TIOCTYIIJICHUS TIOCTPAIABIITNX U BO
BHETOCITUTAJBHBIX yeJa0BUSX [52]. J. Irazuzta (2016)
u P. del Saz-Saucedo (2016) Taxke mosy4duan mouo-
SKUTEJIBHBIN ONBIT TpuMeHerust Metoaa [53, 54]. C
npyroit croponsr, A. Le (2009) ykazana, uto npume-
HEHUE 9TOTO CKPUHWHTA B ITeJIMATPUIECKON ITPAKTHKE
HEJIOCTATOYHO JIJISI TIOCTAHOBKM JMArH03a, CBS3aHO
3TO, TO-BUIUMOMY, C HEJIOCTATOYHBIM OIIBITOM Bpa-
Yyel-uHTeHCUBUCTOB. Koomepanusi ¢ JAETCKUMHU
oG TaTIbMOTIOTAMU TI03BOJINIIA 3HAUUTETTHHO TOBBICUTD
s dekTuBHOCTH METOA [5].

II. Y3 auarHoctuka COCTOSIHUS AbIXaTeJIbHOM
cucrembl. [IpoBesieHre yIbTPa3sByKOBOTO 00CIe10Ba-
HUS HETIOCPE/ICTBEHHO JIETOYHO TKaH! HEBBITIOIHUMO,
9TO CBSI3AHO C HAJIMYNEM B JIETKUX BO3/YXa, KOTOPBIi
otpaskaer Y 3-curHai [56]. HecMoTpst Ha 970, HCTTOIH-
30BaHMe YJIBTPa3ByKa M03BOJIAET KOCBEHHO OTIPEIETATD
HaJIMYKe BO3/LyXa 1 JKUIKOCTH B TUIEBPATbHOM MTOJIOCTH
[57]. Tlpumenenne conorpacduu 3hPEKTUBHO st

ably due to the lack of experience of intensive care
physicians. Cooperation with pediatric ophthalmolo-
gists has significantly improved the efficiency of the
method [55].

II. Sonography of the respiratory system.
Sonographic examination of the lung tissue seems im-
possible because of the air in the lungs, which reflects
the ultrasonic signal [56]. Despite this obstacle, the
use of ultrasound can indirectly determine the pres-
ence of air and fluid in the pleural cavity [57]. The
sonography is effective in diagnosing pneumothorax.
The method is based on the phenomenon of disappear-
ance of friction between visceral and parietal pleurae
(sliding). The method allows assesing the presence of
pathological alterations at a prehospital stage [58],
during surgery or while in intensive care unit. Deter-
mination of pneumothorax by the sonography is a sim-
ple procedure and does not require in-depth training;
a two-hour course is enough [59]. Determination of
pleural effusion is also easy; moreover, the use of
sonography allows to differentiate between transudate
and exudate [60] and evaluate the volume of the pleu-
ral cavity [61].

Sonography is used to diagnose acute respiratory
distress syndrome (ARDS), identifying signs of lung
tissue consolidation. Along with the diagnostic poten-
tial, the practical significance of the method is in reduc-
ing the need for chest radiography and computed
tomography, i.e. in reducing the radiation load. Some
researchers even point to a greater diagnostic breadth
of sonography compared to chest X-ray [62]. High
specificity of the technique and the fastness of its im-
plementation may also be considered as advantages of
sonography [63]. In addition, the characteristic features
allow to make differential diagnosis of ARDS/ALI with
cardiogenic pulmonary edema [64]. On the other hand,
the method has some limitations that include rib injury,
subcutaneous emphysema, and obesity [65].

Chest ultrasound can be used to diagnose pul-
monary embolism [66]. Pulmonary tissue compaction in
combination with pleural effusion is the diagnostic cri-
terion for PE. This conclusion is confirmed by the meta-
analysis published by A. Squizzato [67]; sonography is a
reliable method for assessing pulmonary embolism, if
there is no access or if there are contraindications for
contrast-enhanced computed tomography (CT).

Sonography is also used to assess the state of the
upper respiratory tract, the bottom of the oral cavity
and the structures of the larynx, to detect masses, ab-
scesses, cysts or epiglottitis, which can worsen the vi-
sualization during laryngoscopy, as well as to diagnose
maxillary sinusitis before nasotracheal intubation
[68]. There is evidence that ultrasound can be used to
detect difficult airways. According to T. Ezri, a large
volume of soft tissues at the level of vocal cords predict
difficulties in intubation. Sonography was as effective
as magnetic resonance imaging (MRI) in calculation
of the tissue volume [69]. T. Ezri's findings were con-
firmed by S.Adhikari [70]. Ultrasound examination of
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orpesiesieHnd ITHeBMaTopakca. B ocHOBe MeTo1a JIeKUT
(benomen ncye3HoBeHN MPU3HAKA TPEHUS BUCIIEPATTH-
HOM 1 TapueTabHON 11eBpbI (caaiianar). MeToz 1mo3-
BOJIET OIEHUBATD HAJIMYME TATOJIOTUN KaK Ha J[OT0C-
nUTaIbHOM 9Tare [58], Tak 1 BO BpeMsi OllepaTnBHOTO
BMeIIIaTeIbCTBA UK B OT/IeieHuH peanumMariuu. Orpe-
JieJleHre MMHEeBMAaTopakca ¢ TOMOIIbIo ¥ 3 gBisercs
IPOCTOM IPOIEeAYPOii 1 He TpebyeT yrayOaeHHoi moj-
TOTOBKH, JIOCTATOYHO 2-X 4acoBoro Kypca [59]. Ompe-
JieJieH1e TI7IeBPATTbHOTO BBITIOTA TAKKe HE COCTABIISICT
Tpyna, 6ojee TOro, IpuMeHeHne coHorpadun Mo3Bo-
JigeT 10cToBepHO A depeHImpoBaTh TpaHCCYAAT OT
skccynara [60] u usMepuTh 06bEM COAEPKUMOrO B
MJIeBpasIbHOM mtosiocth [61].

Conorpaduio IpuUMeHSIOT [T AUATHOCTUKHU OCT-
poro pecriuparopuoro auctpecc-cunapoma (OPIC),
orpeiesisid IPU3HAKYA KOHCOIM/IAIIAN JIETOYHOM TKaHu.
Hapsny ¢ amarnoctnyeckuMu BO3MOKHOCTSIMU, TIPAK-
TUYeCKas 3HAYNMOCTDb METO/IA 3aKII0YaeTCsl B CHUKE-
HUU TIOTPEGHOCTU B PEHTreHOTpadUM U KOMIIBIOTEP-
HOI ToMOrpaduy TPYAHON KJIETKH, T.C. YMEHBIICHUN
JydeBoli Harpy3ku. Hexoropble uccienoBatenu faxe
YKa3bIBAIOT Ha GOJIBIIYIO AUATHOCTHYECKYIO TIHPOTY
coHorpaduu 1o cpaBHEHUIO ¢ peHTreHorpadueii rpyi-
nott kaetku [62]. K nmpenmyriectBam Y 3, B aTUX CIy-
Yasgx, MO’KHO OTHECTH BBICOKYIO CIIEIIM(UIHOCTH METO-
na u 6sicTpory ero BhinosHenus [63]. Kpome toro,
HAJIMYMe XapaKTePHbBIX TPU3HAKOB MMO3BOJISAET ITPOBO-
muth tuddepentmanbiyio quarnoctuky OILJI/OPIC
C KapJIMoreHHbIM oTekoM Jierkux [64]. C npyroii cTo-
POHBI, METOJl UMeEeT M HEKOTOpPble OrpaHWYCHMUS,
HAIpUMep, MPUMEHEHNE Y MAIMEHTOB C TOBPEXK/ICHH-
eM pebep, TOAKOKHOIT aMbuseMoii, okupernem [65].

Y 3U rpyanoii KJIETKN MOKHO UCTIOJIb30BATD JIJIsT
JMATHOCTUKU TPOMO0IMOOIMK JIETOUHOM apTepuu
[66]. Inarnoctrnueckumu kputepusvu TIJIA aBnset-
s yIJIOTHEHUE JIETOYHON TKaHW B COYETAHUU C TIJIeB-
paJbHBIM BBITIOTOM. IJTOT TE3UC IOATBEPKAACTCS
MeTa-aHasm3oM A. Squizzato [67], ¥ 3 siBisieTcs rocto-
BEPHBIM METOJIOM OTIEHKM aMOOJIMU JIETOUHO# apTe-
PUH, €CJIN HET I0CTYTIA UJIN €CTh TPOTUBOTIOKA3AHUS K
npuMenenuio kommpioTepuoii tomorpacdun (KT) c
KOHTPACTUPOBAHUEM.

YbTpasByK MPUMEHSIOT U 711 OTIEHKU COCTOSI-
HUS BEPXHUX JBIXaTEJIbHBIX TTyTEH, HA TIOJOCTH PTa
U CTPYKTYP TOPTAHOTJIOTKHU, BBISIBJIEHUST 0ObBEMHBIX
06pasoBaHmii, abCIeCCOB, KUCT VJIH STIUTIIOTTUTA, CTIO-
COOHBIX YXY/AIIATh BU3YATIU3AIMIO TOPTAHW TIPU
JIAPUHTOCKOIINH, & TaKKe [UarHOCTHPOBATD CUHYCHUT
BEPXHEUYETIOCTHON Ma3yXu Tepel] Ha30TpaxeaabHO
unrybarnmeii [68]. meioTcs cBumerenberBa, uro Y 31
MOJKeT OBITh TIPUMEHEHO IS BBISABJICHUS TPYHBIX
npixarenbHbiX myTeil. [To muenuio T. Ezri, Boipasken-
HBII 00bEM MSITKUX TKaHell Ha YyPOBHE TOJOCOBBIX
CKJIQJIOK SIBJISIETCST TIPEMKTOPOM TPYAHOU HHTYOa-
. [l pacuera oObema Tkanu Y 31 6bLI0 He MeHee
adeKTUBHO, YeM MarHUTHO-PE30HAHCHAd TOMOTpa-
usga (MPT) [69]. Pesyabrarsr uccnemosanus T. Ezri
Hanum noarsepxaenue B pabore S. Adhikari [70].

the laryngopharynx from intraoral, sublingual access
is another option for diagnosing difficult airways. Im-
possibility to visualize the hyoid bone is considered a
predictor of difficult intubation. The obligatory need
for local anesthesia and sedation to help patient to tol-
erate the procedure considers as a negative element of
laryngopharynx sonography [71].

II1. Sonography of the cardiovascular system.
Sonography is intensively is a comprehensive tech-
nique a comprehensive study of the cardiovascular
system [72, 73]. Echocardiography (EchoCG) allows
to determine pericardial effusion quickly, to conduct
a differential diagnosis between asystole and electro-
mechanical dissociation, to identify the causes of its
development [74].

Cardiac output (CO) assessment

In contrast to the intensive care practice, the po-
tential of transthoracic sonography during surgery to
assess cardiac output is limited, due to involvement of
a zone for subcostal access in the surgical field. In such
cases CO is investigated by transesophageal or
suprasternal access (USCOM — ultrasonic cardiac
output monitor) [75]. In 1986, J. Mark compared the
percutaneous echocardiography findings with those
obtained by thermodilution in cardiac patients. On the
one hand, sonographic data on the diameter of aorta
required for measurement of CO correlated poorly
with the data of surgeons' visual observations. On the
other hand, the time to perform echocardiography and
the variability of the data obtained was less than with
thermodilution. It has been pointed out that echocar-
diography is indicated in patients, when the use of in-
vasive methods is impossible [76]. Later, in 2008, W.
Knirsch compared the results obtained using prepul-
monary thermodilution and suprasternal Doppler
(USCOM) in cardiosurgical patients. The data ob-
tained were not in favor of sonography [77]. However,
according to Lai-Sze Grace Wong, the use of USCOM
is acceptable for the assessment of CO, especially when
the dynamics of parameters is important, not their ab-
solute value. Unfortunately, the potential of USCOM
is limited by the inability to measure the pressure in
the pulmonary artery. The safety of its application in
comparison with thermodilution is the obvious advan-
tage of sonography [78]. In addition, ultrasound imag-
ing permits to determine massive embolism in
pulmonary vessels [79], masses in heart cavities, and
the effectiveness of external pacing [80]. Sonographic
examination of the inferior vena cava diameter allows
to indirectly assess preload and its changes in response
to therapy [81]. Similarly, information can be obtained
during an examination of the jugular vein, if access to
the abdomen and chest is difficult [82]. With sufficient
experience, it is possible to assess the state of the valvu-
lar apparatus, to identify myocardial ischemia, hypoki-
nesis zones and determine aneurysms [83]. There are
various algorithms for assessing the state of the cardio-
vascular system using sonography, for example, FATE,
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[lpyroii BapuaHT JUArHOCTUKHU TPYIHBIX /[bIXaTeb-
HBIX IyTel 3akmiouaercss B Y 3UW opranoB roprano-
TJIOTKU M3 BHYTPUPOTOBOTO, TIOABA3BIYHOTO JTOCTYIIA.
[IpeaAnKTOpOM TPYAHON MHTYOAIMY PACCMATPUBAETCS
HEBO3MOKHOCTD BU3YaJIU3AI[UH MTOIBSA3BIYHON KOCTH.
HeratuBHBIM MOMEHTOM SIBJISAETCS HEOOXOAMMOCTD
MECTHON aHeCcTe3MH U CeJlallui, YTOOBI MAIUEHT MOT
nepenectu rporenypy [71].

III. Y3 nuarHocTuka COCTOSIHUS CEPEYHO-COCY-
muctoii cucrembl. Conorpadus 10CTaTOYHO HTUPOKO
WCTOJb3YeTCS  JIJIsT  BCECTOPOHHETO HWCCIIE0BAHUSA
COCTOSTHUSI CEP/IEYHO-COCY/IUCTOM cuctemsl [72, 73].
Ixokapauorpadus (IxoKI') mospossger GbICTPO oIpe-
JIeJTUTD HAJIMYKe TIEPUKAPIMATIBHOTO BBITIOTA, TPOBECTH
M depeHIMaTbHY IO IMarHOCTUKY MESKILY ACUCTOJUCH
1 9JIEKTPOMEXaHMYECKOI JIMCCOIUAIINEH, BBISIBUTD ITPH-
YUHBI ee pa3BUTU [74].

Ouenka cepaeunoro Boiopoca (CB)

B orsmume oT MpaKTUKU B MHTEHCUBHON Tepa-
MU, BOBMOKHOCTb UCIIOJb30BAHUST TPAHCTOPAKAIh-
HOIT coHorpacduy BO BPeMsi Ollepaluu JJjisd OLEeHKH
Cep/leYHOr0 BBHIOPOCA OrpaHUUYEHA, YTO CBSIZAHO C
BOBJICYUEHHEM B OIIEPAIIMOHHOE T0JIe€ 30HBI JJIst CyOKO-
cTajbHOTO flocTyma. B taknx cayyasx CB nccrenyror
YPECITUTIEBOIHBIM WU CYIIPACTEPHATBHBIM I0CTYIIOM
(USCOM — ultrasonic cardiac output monitor) [75].
B 1986 roxy J. Mark cpaBHuI jaHHbIE YPE3IUIEBO/-
Horo IxoKI ¢ pesyssraramu, morydeHHBIMU METOIOM
TEPMOIAJIIONIH Y KapUOXUPYPIrHUECKUX TTAITNEHTOB.
C ofTHOIT CTOPOHBI, JAHHBIE COHOTPA(MUN OTHOCUTEb-
HO JINaMeTPa aoPTHI, HEOOXOMMMBIE JIJIT U3MEPEHMUST
CB 1m10X0 KOppeJmpoBay ¢ JaHHBIMU BU3YaJTbHOTO
Habmoenust xupypros. C Apyroii, BpeMst Ha BBIIIOJI-
Hernre IX0KT u BapuabebHOCTD MOJyYaeMbIX JIaH-
HBIX ObIJIa MEHBIIIE, YeM TIPH TepMouTonuu. [1o MHe-
Huto aBTopa, IX0KI mokasano manmeHTam, y KOTOPbIX
IpUMeHeHNe WHBA3WBHBIX METO/IOB HEBBIITOJHUMO
[76]. Tlosnnee, B 2008 roxy W. Knirsch cpasuu
Pe3yJIbTaThl MMOJYYEeHHOI € IOMOIIBIO MPEIyJIbMO-
HAJIBHOM TEPMOIMJIIONIUY U TOCPECTBOM CYIIPACTEP-
HaspHOTO froniepa (USCOM) y kapanoxupyprude-
ckux OouibHbIX. IToJydeHHBbIE JaHHBIE OBLIM HE B
o3y conorpadum [77]. Onnako, mo mHeHuno Lai-
Sze Grace Wong npumenenne USCOM ponyctumo
miist otteriku CB, 0co6eHHO KOT/Ia BaskHA JMHAMUKA
HoKasaTeJiell, a He ux abcoJioTHOe 3HaYeHue. K coxa-
Jlenuio, Bo3MmoxkHoctu —npumenenus USCOM
OTPaHUYEHBI HEBO3MOKHOCTBIO NU3MEPHUTD JIABJIEHUE B
serouHoii apTepuu. OUeBUIHBIM TPEUMYIIECTBOM
conorpaduu ocraetTcst 6e30MacHOCTDb ee TPUMEHEHST
o cpasHenuio ¢ rtepmoausionueit [78]. [Homumo
9TOTO, Y 3 BU3yaIH3aIlHs TI03BOJISIET OIIPEIEUTh MaC-
CUBHY0 59MOOJIUIO B JIETOYHBIX cOCyax [79], Hajmuuue
o0pasoBaHMii B MOJOCTIAX cepiia, ahdEKTUBHOCTD
BHemHel kKapanoctumyJisiiinn [80]. ¥ 3 nccnenoanme
JaMeTpa HUZKHE TO0JI0N BEeHbI TO3BOJISIET KOCBEHHO
OILIEHUTD IPeIHATPY3KY, a TaK)Ke ee M3MEeHeHUs B
otBeT Ha npoBopuMyto Tepamnuio [81]. TlogoGHBIM

FEEL, FoCUS [84—86]. The use of such algorithms al-
lows to quickly obtain a comprehensive and dynamic
assessment of the cardiovascular system.

Ensuring safety while
performing manipulations

Maintenance of airway patency. It is known that
tracheal intubation is a key moment to ensure the pa-
tency of the respiratory tract. Unrecognized unsuccessful
tracheal intubation can lead to the development of se-
vere, life-threatening complications. At present, this
problem has become irrelevant due to the inclusion of
capnography and pulse oximetry in the basic standard of
anesthetic monitoring, On the other hand, the use of
capnography does not exclude endobronchial intubation.
In addition, it is not informative in cardiac arrest [87].

The availability of ultrasound in anesthetic practice
allowed to use it for verification of ETT position. Unfor-
tunately, it is impossible to exercise direct control during
ETT. This is due to the presence of air in the trachea and
the dispersion of the ultrasonic wave. As a result, all eval-
uation methods are based on indirect characteristics. The
work of Blake Weaver (2006) is noteworthy; it reports
on the verification of the ETT position that has been de-
termined based on the presence of the sliding phenome-
non, namely the sonographic signs of friction of pleura
leaves against each other during respiratory movements.
Accordingly, in the case of unintentional intubation of
the esophagus, this phenomenon is absent, and in the case
of endobronchial intubation it is observed unilaterally.
The effectiveness is the main advantage of this technique,
regardless of the state of blood circulation (when capnog-
raphy cannot be used) or overweight leading to deterio-
ration of the auscultative picture. Pneumothorax is the
limiting factor of this diagnostic technique [88].

Another option for determining the position of
ETT is to place the sensor across the trachea above the
sternal notch. During ETT, there is a decrease in the
volume of the echo-positive shadow (the so-called
comet tail) behind the thyroid cartilage. In the case of
esophageal intubation, on the contrary, a second, sim-
ilar artifact is found. This phenomenon is called a
«double tract sign». The authors used this technique
in emergency medicine, using capnography as a refer-
ence technique. In their opinion, the use of sonogra-
phy was not much inferior to capnography, and was
even more effective in tracheal intubation in patients
with cardiac arrest. Nevertheless, the disadvantages of
the method were also specified, such as the inability
to differentiate between endotracheal and endo-
bronchial intubation. In addition, certain skills in op-
eration with ultrasound are required for a quick
assessment of the situation [89].

Puncture tracheostomy is another area of appli-
cation of sonography which is used to facilitate it [90].
This is true in patients with complex anatomy of the
anterior surface of the neck (obesity) and especially in
combination with the situation of «I cannot intubate,
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006pa3oM MOKHO TIOTYIUTh UH(MOPMAIUIO TIPH UCCTIe-
JIOBAaHUU SIPEMHOII BEHBI, B TOM CJIy4ae, eCJI JOCTYII
K OPIOIIHOI TOJOCTU U TPYAHON KJIETKe 3aTpy/HEeH
[82]. TIpu mocTaToumoM OTbITE PAGOTHI MOKHO OTfe-
HUTb COCTOSHHE KJATAHHOTO amiapaTa Cepila,
BBISIBUTH WINEMHUIO MUOKAp/a, 30HBI TUIOKUHE3A,
onpenesnTh Hanuuue aneBpusM [83]. CymrecTByior
pasJIMYHble AJTOPUTMbI OLIEHKU COCTOSIHUS CEPIEYHO-
COCYZIMCTON CHUCTEMBI TMPU TIOMOINUA COHOTpaduu,
nanpumep, FATE, FEEL, FoCUS [84—86]. IIpumene-
HIE€ TIOJOGHBIX AJITOPUTMOB MO3BOJISIET GBICTPO TTOJTY-
YUTh KOMIIJIEKCHYIO U IMHAMUYIECKYIO OIIEHKY COCTOSI-
HUST CEPIIEYHO-COCYIUCTOI CUCTEMBI.

Oo6ecneyenue 0€30MaCHOCTH
IPU BBIIOJHEHUH MAaHUITY IS

IMoanep:xanue MPOXOAUMOCTU AbIXATEIbHBIX
myreii. Kax 3BecTHO, BHITTOTHEHNE HHTYOAIMH TPAXEH
SIBJISIETCST KJTIOUEBBIM MOMEHTOM OGECTIEUEHSI TIPOXO-
IIIMOCTH JIbIXaTeJIbHbIX Ty Tell. CBoeBpeMeHHO He pac-
MO3HAHHAsT Hey/[auHast MHTYOAINsT TPAXeH MOKET MTPH-
BECTH K PA3BUTHIO TSIKEJbBIX, JKU3HEYTPOKAIOIIUX
ocsioKHeHuit. B HacTosIee BpeMst ata mpobJieMa cTaja
YTPauUBaTh AKTYATbHOCTD B CBSI3U C BKJIIOUYEHUEM Kall-
HOTpahuy U MyJIbCOKCUMETPUN B Ga30BBIN CTaHAapT
AHECTe3UOJIOTHIECKOTO MOHUTOpHHTA. C IPyTOif CTO-
POHBI, UCIIOJIb30BAaHNE KAHOTPa(hUu He UCKII0YAeT
aHI0OpoHXHanbHON wHTYOaruu. Kpome Toro, ona
HenH(bOpMaTUBHA ITPU OCTaHOBKe cepaiia [87].

loctymHocTh ucnonb3oBanust Y3 B anecre-
3MOJIOTUYECKOI TPAKTUKE TO3BOJUIIO TPUMEHSTD €TO
st Bepudukaruu nosoxkennst ITT. K coxanennio,
OCYIIECTBJISITh HETIOCPE/ICTBEHHBIT KOHTPOJb BO
Bpems nipoBeienns DT T HEBO3MOKHO. DTO CBSA3AHO C
MPUCYTCTBUEM BO3/LYTITHOM CPEJIbI B TPaxee, M Pacceu-
BaHueM Y 3-BOJIHBL. BceliecTBue 9Toro Bce OleHOYHbIE
METO/IbIl OCHOBAHBI HAa KOCBEHHBIX NpusHakax. [Ipu-
Meuaresbia pabora Blake Weaver (2006), B KoTopoii
coobmraercst o Bepudurarmu nosoxkenust ITT ocy-
MIECTBJISIJIA 110 HAJWYUIO (peHOMeHa cJali[uHra, a
UMeHHO Y 3-KapTuie TPEHUs JUCTKOB ILJIEBPBI IPYT O
ZIpyTa BO BPeMsI JBIXaTeNbHBIX ABMKeHII. CooTBeT-
CTBEHHO, [TPU HEMPEHAMEPEHHON MHTYOAIMH TTHIIe-
BOJIa 3TOT (DEHOMEH OTCYTCTBYET, & TIPH IHA0OGPOHXH-
AJIbHOI MHTYOAIMU HaOI0faeTCsl YHUIATEPATbHO.
OCHOBHBIM [IPEUMYIIECTBOM [TaHHONH METOIMKU
aBaseTcs a(pdeKTUBHOCTh, BHE 3aBUCUMOCTU OT
COCTOSIHUS KPOBoOOpalieHus: (Korjga He MOKeT ObITh
HCIOIB30BaHa KATHOrPadust ) WK U3OBITOYHOTO Beca,
MPUBOJAIIETO K YXYAIIECHUIO ayCKYJIbTaTUBHON Kap-
TUHBL JIUMUTHPYIONUM (HAKTOPOM TUATHOCTHYECKO-
TO TIpreMa SBJIsIeTCs Haanure THeBMaTtopakca [88].

[pyroii BapuanT onpenesnenns nosoxkeanss T T
CBOJIUTCST K Pa3Melennio Y 3-aTurKa Morepek Tpa-
Xen Ha/l TPyAnHHON BbIpe3koil. [Ipu mposenennn OTT
[POMCXOAUT YMEHbIIEeHHEe 00beMa 3XOMO3UTHBHON
TeHU (T.H. XBOCT KOMETHI) 3a IMUTOBUIHBIM XPSIIOM.
B cayuae wHTYOAIMK MUIIEBO/A, HAPOTHUB, OGHAPY-
JKMBaeTCsS BTOPOH, TTOXOKUN apTedakT. ITOT dheHo-

so I cannot ventilate» provided that the sonographic
equipment is at hand [91].

Ultrasound imaging during manipulations

The use of ultrasound imaging opens up new op-
portunities for safe puncture and catheterization of
blood vessels as it becomes possible to trace the path
of the needle until penetration into the vessel. This re-
duces the number of attempts and time to perform ma-
nipulation; it makes possible to avoid damage to the
surrounding structures [92]. Doppler imaging or color
Doppler mapping can be used to simplify vascular dif-
ferentiation. In particular, the efficacy and safety of ul-
trasound guidance in jugular vein catheterization is
confirmed by Brass P. [93].

In a similar way and equally effectively, it is pos-
sible to perform regional blockades of peripheral
nerves and plexuses and to control the spread of local
anesthetic [94].

Sonography has found its role as a method ensur-
ing safety in the evacuation of the pericardial cavity
content during exudation or hemopericardium avoid-
ing the injury to the myocardium [95].

Application of infrared radiation

To solve the problem of performing venipuncture
in difficult circumstances, particularly in children, pa-
tients with obesity, dark skin, who have undergone fre-
quent infusions, suffering from drug addiction, the
method of near infrared spectroscopy is used [96]. The
method is based on the use of light sources at a wave-
length of 700-900 nm, because hemoglobin and blood
plasma absorb this radiation better than the surrounding
tissue. After processing, the resulting image is projected
on the surface of the patient's skin in real time displaying
the location of the venous bed [97]. The advantages of
the method are obvious. They include a decrease in the
number of puncture attempts and, therefore, such com-
plications as damage to the vascular wall, development
of hematomas, thrombosis, phlebitis, embolism, and in-
fectious complications [98]. The effectiveness of the
method is illustrated by the study of F Chiao (2013).
He confirmed that in patients at risk (patients with obe-
sity, dark skin) visualization of vessels using IR radiation
was easier than in regular attempts [99]. On the other
hand, in the same year, J. de Graaf investigated the po-
tential of vascular cannulation using IR radiation in
children. Indeed, visualization was simplified, which,
however, did not increase the chances of successful
catheter installation [100]. Similar data were presented
by O. van der Woude: in this study, the device for IR ra-
diation was of limited benefit only in dealing with chil-
dren with initially difficult cannulation [101].

Conclusion

The variety of imaging methods gives a modern
clinician the ability to make a comprehensive diagno-
sis with a prompt result. Perioperative safety is di-
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MEH Ha3bIBAETCS «ITPU3HAKOM /[BOMHOTO Ty TH». ABTO-
PBI IIPUMEHSIIN 3TY METO/IMKY B 9KCTPEHHOM MeTUITH-
He, UCTI0JIb3Y4 I/ KOHTpoJid KanmHorpadwuio. [To nx
MHEHUIO, TPpUMeHeHne Y 3-IMarHOCTUKU MaJlo 4eM
yerynano KamHorpadun, 1 gaxe 6b110 ahdekTuBHee
npu UHTYOAIUN TPaXen Y MallueHToB ¢ OCTAHOBKO
cepievHoi gesrenbHoctu. Tem He Meree, ObLIN yKa-
3aHbBl U HEJOCTATKU METOJIa, HAllpuMep, HeBO3MOXK-
HOCTD i HepeHIInpoBaTh IHAO0TPAXCATBHYIO U AH/I0-
6ponxeanbuyio wuHTyGanmio. Kpome Toro, s
GBICTPOI OIEHKU CUTYAIMU HEOOXOANUM OTIpe/IeIeH-
HBII HaBbIK paboThl ¢ Y 3 [89].

Eite opiHo# 061aCThIO PUMEHEHsT cCOHOTpahun
SBJISIETCST OBJIErYeHNe BBITOJHEHUsT TYHKIIMOHHOT
TpaxeocToMbl [90]. DTO akTyasbHO y MAIUEHTOB CO
CJIO’KHOW aHaTOMUEN TepenHell MOBEPXHOCTU IlIen
(osxupenne) u 0cO6EHHO B COYCTAHUY C CUTYAIHEH «He
MOTY MHTYOUPOBaTh, HE MOTY BEHTHJIMPOBATh> TIPH
ycJI0BUM, UTO ¥ 3-ammmapat HaXoAuTces 1o pykoii [91].

yJII)TpaBByKOBaH BU3Yya/In3an Ui
ITPpH BBIIIOJTHEHU N MaHI/Il'IyJISIIII/Iﬁ

[IpuMenenue yabTpa3ByKOBOW BU3Yyaau3aluu
OTKPBIBAET HOBBIE BO3MOKHOCTH HE30MIACHOTO BBITIOJI-
HeHUsI TyHKIIUU U KaTeTePU3AIUU COCYIOB TOCKOJIbKY
MOSIBJISIETCSI BO3MOKHOCTD IIPOCJIEAUTD IyTh UIJIbI
BILTIOTb 10 IIPOHUKHOBEH: B cocyl. Buiarogapst atomy
YMEHbIIIAeTCsT KOJMYECTBO MOIBITOK U BpPeMsl Ha
BBINIOJTHEHME MAHUIYJISAINN, yAaeTcs U30exaTh
MOBpEX/eHU OKpyXKaomux ctpykryp [92]. s
yrpoienusi AuddepeHImpoBanusl COCyJ0B MOKHO
IIPOBOIUTH JIOMIIEPOTPAbUIO UK UCIIOIb30BATD I[BE-
TOBOE JIOIILIIEPOBCKOE KapTupoBanue. B yactnocty,
9 dEKTUBHOCTD 1 6e30IACHOCTD Y 3 HaBeIeHUs IIpU
KareTepusaluy SIPEMHON BeHbI IOITBEPKIAETCSI
pabotoii Brass P. [93].

Cxo0xxrM 06pa3oM 1 CTOJIb ke 3(DGHEKTUBHO BO3-
MOJKHO BBITIOJIHEHUE PerMOHapHBIX 610Ka/ tepude-
PHUYECKUX HEPBOB U CILIETEHIT, KOHTPOJIb 32 PACIIPO-
CTpaHeHueM MeCTHOTO anecteTuka [94].

[Ipumenenue conorpaduu HaILIO MECTO KaK
MeTo/| obeciiedeHnst 6e30IaCHOCTH IIPU DBAKYyalliK
CONIEP’KUMOr0  [EPUKAPAUATIBHON TIOJOCTH IIPU
BBITIOTE UJIM TeMOTepUuKap/e, u3beras TpaBMUpPOBa-
Hust MuOKapaa [95].

Ilpumenenue uHQppaKpacHOTO U3TYYEHHUS

Jlnst pettenust mpo0JieMbl BBITTOJHEHUSI BeHe-
NYHKIMU B CJIOKHBIX 00CTOATENHCTBAX, B YACTHOCTH
y JleTeil, TallueHTOB ¢ OXKUPEHUEM, CMYTJION KOKel,
HepeHecInX YacTble MHQPY3UH, CTPAAAONIUX HAPKO-
MaHueli, IPUMEeHIOT MeTo O/mKHel nHbpakpacHoi
cniekTpockornuu [96]. B ocHoBe MeTO/Ia JIEKUT TIpUMe-
HeHUe UCTOYHUKOB cBeTa ¢ JyimHoit BoJiHbl (700-900
HM), TaK KaK I'eMOIJIOONH U III1a3Ma KpoBu abcopOu-
PYIOT 9TO W3JIydyeHUEe JIydllle, YeM OKPYKaIol[ue
trauu. [Toaydennoe nzobpaxenue mocyie 06padboTKI
MPOEIPYeTCs HA MOBEPXHOCTh KOXKU IMAIMEHTA B

rectly related to the implementation of various manip-
ulations and the fastness of diagnosis in patients on
the operating table, in intensive care units and even at
the scene of an accident or disaster. In such situations,
various imaging techniques allow to perform a manip-
ulation under the control of vision quickly and accu-
rately without damage to anatomical structures and,
therefore, without severe complications. The task of
prompt diagnosis in urgent surgery, when patient's life
depends on intensivist's correct actions, is still urgent.
Presented considerations suggest that imaging is a
comprehensive field in medicine that ensures a higher
level of patient safety.

Therefore, the imaging techniques that is becom-
ing more available as an additional tool to facilitate
the work of an anesthesiologist requires implementa-
tion in clinical practice on an everyday base.

PEKUME PEasTbHOTO BPEMEHHU, 0TOOPaKas PacosiosKe-
Hue BeHo3Horo pycisa [97]. IlpeumyinecTBa MmeTona
OYEBU/IHBL. JTO YMEHbIIIEHNE YK CJIA TIONBITOK MYHK-
IUU U, COOTBETCTBEHHO, TAKUX OCJOXXHEHWIl Kak
HOBPEXKIEHNE COCY/IICTOI CTEHKH, PA3BUTHE FEMAaTOM,
TpoM6030B, (hebuToB, IMOEOIMIT, UHDEKITHOHHBIX
ocyoxxueruii [98]. dbdekTUBHOCT MeTO/IA UILIIO-
crpupyer ucciaegosanue F. Chiao (2013). Ou mox-
TBEP/IWIL, YTO Y MAIIMEHTOB TPYIIIIbI PUCKA (TTAIlUEHTHI
C O’KUPEHUEM, CMYTJION KOKell) BU3YATH3AIH COCY-
noB npu npumeHennn MK-uznyuenus Oblia Jerye,
yeM ipu ITaTHbIX TonbITKax [99]. C apyroii ctopoHsbr,
B TOM ske rojy J. de Graaf uccieoBas BO3MOKHOCTb
KaHIOJISIIY COCY/IOB € uctosb3oBanuem M K-uzmyue-
HUs Yy feteil. [leficTBUTEIbHO, BU3YAIU3AIUsT YIIPOIIA-
JIACh, YTO, OJTHAKO, HE YBEJTMYMBAJIO IIIAHCHI YCIIEITHOM
ycranoBku karerepa [100]. [Toxoxue nannbie mpe-
crapusia O. van der Woude, B aTOM ucciieoBaHum
ycrpoiictBo st VK-usmyuenusi mpeactaBiisiiio
OTPAHUYEHHYIO TI0JIb3Y TOJIbKO Y JIeTell ¢ MCXOIHO
TpyaHoi kantosdiuen [101].

3akaoyeHue

MHoroo0Opasue MeTOJ0B BU3ya l3alli Hajle-
JISeT COBPEMEHHOTO KJIMHUIIUCTA BO3MOKHOCTBIO TIPO-
U3BOAUTH KOMILIEKCHYIO AUATHOCTHKY € OBICTPBIM
noJydenneM pesyibrata. [lepuomnepaionnoe obec-
nedeHye 6E30MaCHOCTU HAIIPSIMYIO CBSA3aHO C BBIIIOJI-
HEHMEM Pa3IMYHbIX MAHUIIYJIALMA 1 ObICTPOTOI
MMOCTAHOBKHM /INAarHO32a Y MAIMEHTOB Ha ONEPAIIMOHHOM
CTOJIe, B OT/IEJIEHUSIX PeaHUMalli U UWHTEHCUBHOU
Tepanuu 1 Jia’ke Ha MeCTe MPOUCIIECTBUS TN KaTa-
ctpodbl. B Takux curyanmsix pasjnyHblEe METOJIbI
BU3YAJIM3AIUN TIO3BOJISIOT T10J] KOHTPOJIEM 3DEHUS
OBICTPO ¥ TOYHO, a 324ACTYIO IIPELU3HMOHHO, BbIIIOJI-
HUTh MAHUIYJISALUIO €3 MOBPEKIEHNs aHaTOMUYe-
CKUX CTPYKTYP U, COOTBETCTBEHHO, 0e3 DPasBUTHI
TSDKEJBIX  ocjokHeHui. He MeHee akTyanbHOM
SBJISIETCA 3ajada OBICTPON IIOCTAHOBKHU JUATHO3a B
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YPreHTHOU XUPYPIUH, KOTIA OT MPABUJIbHON TAKTUKU
AHECTEe3U0JI0Ta-PEAHNMATOJIOTa 3ABUCUT JKU3HD MaIlH-
enTa. Bee aT0 103BOJICT lyMaTh, YTO BU3YAJIU3AIINS,
obecrieynBaiomnas 6oJiee BBICOKUI ypoBeHb Gesomnac-
HOCTH TTAIIMEHTOB, SIBJISETCS HOBBIM HAIIPABJICHUEM B
Me/IUIIIHE.
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