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cepaeyHo-inerodyHada remoamHaMuka

1. naBJIeHHE B KaMepaXx M cocyaax

2. KOHIIEHTPAIUs KHCJI0Poaa

3. MEXaHNYECKHE XaPpAKTEPUCTHKHU CHCTEMbI
KPOBOOOpalleHUS

4. 00beMHO-TEOMETPUUYCCKHE XAPAKTEPUCTUKH
KaMep cepana

5. CUCTEMHBIH IIOTOK KPOBH

0. COOTHOILIEHHE JO0CTABKH/IOTPE0IeHUA
KUCJI0pOoaa

SSSSSSSSSSS



©

1. ”HBa3UBHOE U3MEPEHUE TABJICHUS
. . w.‘ |

Stephan Hales 1733 roa

BUSINESS USE

[ emogMHaMUYECKUN CTaTYC

’
»!
'

Ht
J )
B e ] T
Neassterns 56 spaven T4, © 0% 13 wer masas

——— e T

- PCCl :4.10

1 M 9 ww O O 6N

GEDI® 846

SV 1935

ELWI® 8




da30BbIe COOBITUA KPMBOM HOPMAJILHOTO
IIEHTPAJIbHOI'O

B€HO3HOI'o AaBJ/IEHUA

OKI
KoMnoHeHT da3nl cepaedHoro MexaHHYeckoe
uBa KpHBOﬁ ONHUKJIA IIPOABJIEHHE
KeJayJOo4YKOB
a BOJIHA OxoHYaHHE THACTONEI CokpameHue mpeacepaui
¢ BOJIHA Pannaga cucromna H3oBomoMHUYECKOE COKpaIeHne

KEITYJO0YKOB, IBHKECHHE
aTPUOBEHTPHKYJIAPHOTO KJIallaHa B
CTOPOHY IIpeAcepans

V BOJIHA HOB,[[HS[H CHCTOJIa 3amonHeHHe HPE,[[CEP,[[Hﬁ B
CHCTOIIY XKCIIYIOYKOB

X HEUCXO/A1Iad BOJTHA CepenmuHa CHCTOINBI Paccnabnenne npeacepamid,
CHHMIKCHHE JJaBJICHHUS

¥ HHCXOIAIaA BOJIHA Pannsas JHuacTo1a Pannee KEIMYOTOYKOBOC
HAIIOJIHCHHE

Xy6y.aasa I'. T, Mapuenko C. I1., Haymog A. B., Kanbnoti I1. C. IHBa3UBHbIN MOHUTOPUHT B KApANOXUPYPrm: 0CODEHHOCTU OLIEHKN OABMNEHNsSI HANOMHEHMS Kamep cepaua, 2022



N3MmeHeHuda kpusou LIB/l, xapaKTepHbIe
AJIS IepUKapAUaJIbHOU KOHCTPUKIIUU.
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Bbicokasi aMIJIMTY/la BOJIH d U V, pe3Koe CHWXKeHUEe OTPE3KOB X U Y U TUNHUYHOE [JI KOHCTPUKIUU
MOBbBIIIIEHHE /1aBJIeHUS B MEPHUO/] CepeIMHbl AUACTOJIbI (YYaCTKU KPUBOU MOKa3aHbl MPEePbIBUCTOMN JIMHHEHN)
06pa3yrT W uiu M-06pa3Hyro popMy KPpUBOM, UYTO OTJIMYAET KOHCTPUKIIMIO IEpUKap/ia OT TaMIOHA/bl.

XyoynaBa I'. T'., Mapuenko C. I1.,, HaymoB A. B., KanbHou II. C. /luarsHocTrka u jjedeHrde TaMIoHazabl cepana, 2020



N3meHeHHne ¢popmbl KpuBoH LIB/l npy KOHCTPUKIINH

INEPpUKApPAa U ITOCJ/ZI€ HCCECHCHHUA ITIEPUKAPAA.
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Xyoynaasa I'. T, Mapuenko C. I1., Haymos A. b., Kasnbnoi I1. C. /luarHoCTHKa Y JiedeHHe TaMIIoHa bl cepata, 2020
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[ emogMHaMUYECKUN CTaTYC

1. tHBa3UBHOE U3MEPEHUE TABJICHUS
[IpuMmepnbl popM KpuBbIX [IB/] npy pasiv4yHBIX

BapHUaHTaX PECTPUKTHUBHOM PU3UOJIOTHUU

KOHCTPUKUMSA nepukapaa uHhapKT NPasoro xenyagouka

VAVAVARENAVAVA

TamMnoHana

Gpubpunnaums npencepmm
WHMapKTNpPaBoro xenyaouka

N\/ W Npasoro npeacepans

XyoysaaBa I'. T Maﬂ({eHKo C.IIL., HaymoB A. b., Kanpnot II. C. /luarHocTvka U JiedyeHue TaMIloHa/ bl cepana, 2020
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[ emogMHaMUYECKUN CTaTYC

1. THBA3UBHOE U3MEDPEeHHUEe TaABJICHUS
R . R

Xyoynasa I'. T, Mapyenko C. I1,, HaymoB A. b., KanbHou II. C. luarHocTrka v JiedeHrue TaMIoHazel cepzna, 2020
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[ emogMHaMUYECKUN CTaTYC

1. ”HBa3MBHOE U3MEPEHHUE JABJICHUA
[IlapagoKkcasbHBIU NYJIbC

Kaxbl¥ ClIOHTAaHHBIM BA0X (OTMEYEH CTPeJKaMU)

IIPpOBOLHUPYET CHUKEHHNE APTEPHUAJIBHOTI'O JaBJIEHHW .
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KOHG‘IHO'Z{I/I&CTOHI/I‘ICCKOC HABJICHHUC B JICBOM 2KCJ1YyJOYKC
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CepaeyHo-j1eroyHasi reMOJAUHAMUKA

IIPM HAPYINCHUH (PYHKIIUH KEJTYT0UYKA
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d®opma kpusou /I3JIK npu MH
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OuneHka rpagueHTa

Baumgartner et al. Pressure Recovery in Patients With Aortic Stenosis. JACC Vol. 33, No. 6, 1999

Ch. Jux, Aostic stenosis estimation. Clinical Lectures. 2016
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OlneHka rpagueHTa

Mean = SD Range

Peak Doppler gradient (mm Hg) 102.8 * 46.2 (30—240)
Peak catheter gradient (mm Hg) 84.7 + 32.4 (34-165)
Observed difference between peak 18.1 = 18.3  (—5-75)
Doppler and peak catheter
gradient (mm Hg)
Predicted difference between peak 18.5 = 15.8  (5.4-81.6)
Doppler and peak catheter
gradient (mm Hg)
Difterence between predicted and 0.4 = 8.0 (—=19-12)
observed peak catheter gradient

(mm Hg)

Mean Doppler gradient (mm Hg)  67.2 = 31.4 (18-160)
Mean catheter gradient (mm Hg) 56.2 + 23.4 (14-112)
Observed difference between 11.0 £ 12.7  (—7-48)
mean Doppler and mean
catheter gradient (mm Hg)
Predicted difference between 12.1 = 10.5 (3.2-54.4)
mean Doppler and mean
catheter gradient (mm Hg)

Baumgartner et al. Pressure Recovery in Patients With Aortic Stenosis. JACC Vol. 33, No. 6, 1999

Ch. Jux, Aostic stenosis estimation. Clinical Lectures. 2016
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Subclavian vein

SN Right
PR pulmonary artery
‘.,:'\Dilator

}
PAC

3amepeHne Temnepartypbl permnctpupyeTcs auctanbHblM TEPMUCTOPOM
[‘padouK T NO OTHOLLUEHUIO KO BPEMEHN OaeT KPUBYIO
BoiuncneHne CB ¢ nomoLbio ypaBHeHUs Stewart-Hamilton

YcnoBust npuMeHeHuUs:

1. MonHoe cmewMBaHUe UHAUKaATOpPA C KPOBLIO

2. HeT noTepb mexay MecToM BBeAEHUA U AeTeKUuuu
3. [NOCTOAHHbLIU NOTOK



[MpHunn Puka

[ToTOK MIHOMKaATOPHOIro BELLLECTBA,
NornoLaemMoro 1Unm BbliaenaemMoro opraHom,
COOTBETCTBYET Pa3HOCTU NPUTOKA N OTTOKA

MHOnKaTopa.

an/IMeHI/ITeJ'IbHO KJEerkKMM 9TO O3HA4aEeT.

KpOBOTOK 4Yepes nerkme MoXXHoO onpeaennTb no
pasHuLEe coaepXaHua Kncnopoaa B apTepUo-
BEHO3HOW cucteme (M3MepeHHOU 0 1 nocre

nerknx) n noTpebneHnto Kucrnopoaa 3a UHTepBar
BPEMEHMN.

Q= V0O2/avDO2 = CB [n/MuH]



Pacuet cepaeuHoro Bbibpoca (PuK)
C CNONb30BaHMEM AaHHbIX Tabauy VO2.

Table 1.4 Normal values for VO,

mL/min mL/kg/min mL/min/m?
Newborn (3.5 kg, (.22 m?) 33 10 160
Child (14.5 kg, 0.6 m*) 100 7 163
Adult (75 kg, 1.8 m%) 250 3 140

In the literature, the units mL/kg/min (mL/min per kilogram) and mL/min/m? (mL/min per square
meter) are commonly used. However, mathematically, the units mL/min*kg and mL/min*m- are
more correct

Hb -140

A-VSO2 =30

VO2 = 140*0,3*1,34 =56 mn/n
CU = 140/56=2,5 n/munH/m?2

A Practical Handbook on Pediatric Cardiac Dietrich Klauwer - Christoph Neuhaeuser
Intensive Care Therapy Josef Thul - Rainer Zimmermann

& Spnnger International Publishing AG, part of Springer Mature 2019



MoTpebneHne KUcnopopa
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Fig. 1.7 Dependency of Sv(; on CO
Table 1.4 Normal values for VO,
mL/min mL/kg/min mL/min/m?
Newborn (3.5 kg, 0.22 m?) 35 10 160
Child (14.5 kg, 0.6 m?) 100 7 165
Adult (75 kg, 1.8 m%) 250 3 140

In the literature, the units mL/kg/min (mL/min per kilogram) and mL/min/m? (mL/min per square
meter) are commonly used. However, mathematically, the units mL/min*kg and mL/min*m* are

more correct

A Practical Handbook on Pediatric Cardiac Dietrich Klauwer - Christoph Neuhaeuser CTp 42
Intensive Care Therapy Josef Thul - Rainer Zimmermann

& Spronger Internationsl Publishing AG, pan of Springer MNabure 2019



MexaHn4yeckne xapakTepucTukun
CUCTEMbI KPpOBOOOpaLLEHUS



Ernest Starling: cepane
BbIOPACHIBACT TOJIBKO TOT
00bEM, KOTOPBIA K HEMY
BO3BpAIIlACTCH.

MexaHn4eCcKre XapakTePUCTUKHA CUCTEMBI
KpPOBOOOpAILICHUS - OCHOBHBIC AeTepMUHAHTEI CB

Critical Care

REVIEW Open Access

Volume and its relationship to cardiac @
output and venous return

S. Magder



cpegHee gasnexuve J1A - cpeaHee nasneHue B JIM

Rp =
Qp
[en. Byna / x 80 (auH x ¢ x cm™)]
Hopma < 3 ef. Byga (< 250 guH x ¢ X cM™)
cpeaHee aaBneHne Ao - cpegHee gasneHue B [T
RS =

Qs

[en. Byna / x 80 (auH X ¢ X cM™)]
Hopma 10-15 en. Byaa (800 - 1200 AuH X ¢ X cM™)

Ch. Jux, Hemodinamic estimation. Clinical Lectures. 2016
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ycnosma HOpMaibHOro yHKULMOHUPOBAHUA
cepAeyHo-N1ero4yHon remoanHaMmnKu

PVRI meHee 6 Wood*m2 B coyeTaHum C
cooTHoweHunem Rp/Rs <0,3

SSSSSSSSSSS



Ycnosua pyHKLMOHUPOBAHUA cepaeyYHO-/1eroyHomn
remoauHaMMKN NPU HAAMYMU NATONIOTNN

PVRI ot 6 8o 9 eanHuny, Byna*m2 npu cootTHoWweHUM
Rp:Rs npumepHo ot 0,3 go 0,5 npu Hannumm peakumm
NIeroYHbIX cocyaos Ha Bazoaunatatopsl (02, NO):
-CHu»KeHune PVRI Ha 20%

-CHUXeHune npumepHo Ha 20% cooTHoweHunAa Rp:Rs
-OKkoHYyaTenbHbi PVRI < 6 eanHny, Byna*m?2
-OKoH4YaTenbHoe cooTHoweHune PVR:SVR <0, 3.
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KapauonynbmMmoHanbHble B3ammoaencTeus
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OO0bLEeMHO-TCOMETPUYECCKUE XAPAKTEPUCTHUKU
KaMep cepalua



BHYyTpryTpOOHOE pa3BUTHUE
KapAUaJIbHBIX CTPYKTY]P

MOPMOreHeTN4eCcKmne
COObITUS
+
reMmoanHammn4yeckume
COObITUS



Intrauterine hemodynamics influences on

aortic arch in fefis [y -
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Hubulava G.G., Marchenko S.P., Naumov A.B. Influence of intrauterine hemodynamics on the C segment of the aortic arch in the fetus. Ros Vestn
Perinatol i Pediatr 2021; 66:(4): 45-52). DOI: 10.21508/1027-4065-2021-66—4—-45-52
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Hubulava G.G., Marchenko S.P., Naumov A.B. Influence of intrauterine hemodynamics on the C segment of the aortic arch in the fetus. Ros Vestn
Perinatol i Pediatr 2021; 66:(4): 45-52). DOI: 10.21508/1027-4065-2021-66—4—-45-52



Intrauterine hemodynamics influences on

aortic arch in fetiis [y -
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Hubulava G.G., Marchenko S.P., Naumov A.B. Influence of intrauterine hemodynamics on the C segment of the aortic arch in the fetus. Ros Vestn
Perinatol i Pediatr 2021; 66:(4): 45-52). DOI: 10.21508/1027-4065-2021-66—4—-45-52



Intrauterine hemodynamics influences on

aortic arch in fefiis r1 /e
dC=0,59*LVEDV+2,8 (95% Cl 0,2-0,98) J UL

i = ' &
. Aarptation
S \ =
e X \ ,//

dC=0,59*AV+1,3 (95% CI 0,22-0,95)

dC=0,76*SVLV+2,8 (95% CI 0,2-1,3)

M Min Max 95% ClI
LVEDV 1.6 |08 3.6 (1.3; 1.8)
AV 0.4  |0.26 0.54 (0.38; 0.43)
LV SV 1.3 0.3 2.2 (1.1; 1.4)
Arch segment C 3.75 |24 5.9 (3.47; 4.03)

Hubulava G.G., Marchenko S.P., Naumov A.B. Influence of intrauterine hemodynamics on the C segment of the aortic arch in the fetus. Ros Vestn
Perinatol i Pediatr 2021; 66:(4): 45-52). DOI: 10.21508/1027-4065-2021-66—4—-45-52



[locne 3aBeplieHunAn

IMmbpunoreHesa, pa3mepol
KapAMOBACKYIAPHbIX  CTPYKTYP
(kamep  cepaua, KNanaHoB.,
cocyaos) onpeaenatoTcs
MOTOKOM KPOBMU.



OueHKa remoagMHaMM4YeCcKoro craTtyca

HOPMA KM JIK (n=2200)

BO3pacT HO]ZDMa KN JDK
1-2 days 1.2+ 3.1 ml/m2

30 days 27.3+ 1.6 ml/m2
1 to 2 years 35.2 + 1.4 ml/m2

over 15 years 53.2 £ 6.8 ml/m2

A.A. Sokolov, E.V. Krivoshchekov Prognostic value of the size of the left ventricle in certain
congenital diseases in children, myths and reality // materials of the regional scientific and

practical conference “cyanotic nose diseases. Clinic, diagnostics, modern treatment methods
"(13-14 december 2007), Tomsk, TOMSK, NRMC CARDIOLOGY RESEARCH INSTITUTE
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LV long axis
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Lang RM, Bierig M, Devereux RB et al. Recommendations for chamber quantification: a report
from the American Society of Echocardiography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the European Association
of Echocardiography, a branch of the European Society of Cardiology. J Am Soc Echocardiogr
2005;18:1440-63.



LV long axis




250

= 200 I

150 |

LV EDV (5/6AL) (m

1

0.0 0.5 1.0 1.5 2.0 2:0

Body Surface Area (m?)

Lang RM, Bierig M, Devereux RB et al. Recommendations for chamber quantification: a report
from the American Society of Echocardiography’s Guidelines and Standards Committee and the
Chamber Quantification Writing Group, developed in conjunction with the European Association
of Echocardiography, a branch of the European Society of Cardiology. J Am Soc Echocardiogr
2005;18:1440-63.









PB-OS-SB = Crista
Supraventricularis

RVOT = Conus
= Infundibulum

m. Lancisi

[lpenapar cepaua (ceoboaHast cteHka K yaaneHa)






ApanTtin

OueHKa remoaMHaMMNYECKOro cTatyca
DO, = Q x (Hb x Sa0, x 1.34 + (PaO, x 0.003))

IDO2 mi/min/m2  LV_EDVI

poB

990
o501
390
360
330
270
240
257
214

aHo u3: McLellan, S. A., and T. S. Walsh. "Oxygen delivery and haemoglobin." Continuing Educ

EF HR Hb SatO2 Ci
53 /0 90 130 1 3,3
45 /0 90 130 1 2,8
35 /0 90 130 1 2,2
35 /0 90 120 1 2,2
35 /0 90 110 1 2,2
35 /0 90 90 1 2,2
35 /0 90 80 1 2,2
35 50 90 120 1 1,6
35 50 90 100 1 1,6

ation in Anaesthesia Critical Care & Pain 4.4 (2004): 123-126.



Cumulative Mortality, %
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Journal of Clinical Monitoring and Computing (2020) 34:621-624
https://doi.org/10.1007/s10877-019-00386-w

COMMENTARY

Shedding light on perioperative hemodynamic monitoring

neyeHme Ha oCHoBe
~r
peioes i oueHKn CH

@

Intervention

- 16% CHUX»eHne OCNOXKHEHUU U
30 AH. neTanbHOCTHU
Log-rank P=.09 - B11.6 pa3 180 aH. neTanbHOCTH

60 90 120 150 180

Time From Start of Surgery, d

Pearse RM et al JAMA. 2014



I eMoMHAMMNYECKUH
MOHUTOPHHI

* |nvasive- pulmonary thermodilution
* Semiinvasive- transpulmonary thermodilution,
or chemodilution

- pulse contour analysis
* Noninvasive- echography _
Arte(r:iasla%ozn)tent. - bioimpedance, plethysmography ~ * Dlrgct mea'surement. of exhaled gas
20 vol % = 20 ml/min o -capnography * Estimate with equations and nomograms
Output
- T P DELIVERY 0, (DO,)  CONSUMPTION 0, (VO,)
Sv02 = 75% = -0y X '
Extraction
2% Oxygen
onsumption —
S — * Lactate
Venous Oxygen Arterial Oxygen ’ Sv02 -BlOOd gas
750 mimin S 1000 mi i * pCO, gap analysis
* p(v-a)CO,/C(a-v) 0,~
* NIRS

Russell et al, J. Clin. Med. 2020

Janotka and Ostadal, Molecular and Cellular Biochemistry 2021



MuKpouupKyanauua, sHaoTtenmm u anchyHKLUUA OpraHos

Amount of dissolved
O, in the blood

< Q x (Hb x Sa0,)x 1.34 + (Pa0, x 0.003)) J

Cardiac output  Arterial O, saturation

Oxygen delivery Hemoglobin

DO

Critical DO2

DO,-dependency
af VO,

0.~ independency
of VO,

-~—

VO

¥

Hypoxia

DO DO2

2oerit

A Practical Handbook on Pediatric Cardiac
Intensive Care Therapy, Springer 2019
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Vascular Hemodynamics and Malformations

ISTH 2021
21 July, 2021°%

Christopher C.W. Hughes, Ph.D.

Depts. Molecular Biolpgy and Biochemistry

Biomedical Engineenng
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Tanczos K, Németh M, Molnar Z
Ann. Up. in Int. Care and Em. Med. 2014, pp. 355-65



“COBPEMEHHBIE NMPEOCTABJIEHUA” OB YPOBHE rEMOITIOBUHA.......

estigation

&)
>

Ccardiovascular and
c Response to Acute,
sovolemic Anemia

vID; Maurene K. Viele, MD; John Feiner, MD; Scott Kelley, MD;
2; Mariam MNoorani; Jacqueline M. Leung, MD; Dennis M. Fisher, MD;
; Pearl Toy, MD; Mark A. Moore, MD

I

VO, mL 0z'kg="-min-1
w
T
|

;ponse to Acute Isovolemic Anemia*

T
Hemoglobin Range

I I
125-134 g/L  43-34 g/L

N

Variable (n=23) (n=28) 229
ne-ss.cm™>m? 2372 (541) 1001 (176) g

s per minute 28 (11) 92 (12) -
SVI, mL/m? 52 (9) 62 (8) Q
Cl, T'm? 3.05(0.69) 5.71(0.87) % 1.0+ *&%
TO,, mL Oy'kg™"*min™ 13.5 (2.7 10.7 (2.0 « -
S.0,. % ’ 77.1 53.3% 69.6 55.6% © o —p—9 —@“"@M
VO,, mL 0,-kg™"min~" 3.01(0.42) 3.42 (0.54) %
Plasma lactate, mmol/L 0.77 (0.40) 0.62 (0.19) D—ﬂf 0 | | | . .
Arterial blood pH 7.395 (0.016) 7.445 (0.025) 40 60 80 100 120 140
Base-excess, mEq/L 1.3 (1.5) 4.2 (2.2) Hemoglobin, g/L
VO,/TO, 0.23 (0.03) 0.32 (0.04) INENTETE

JAMA, 1998




@ CPD available at http://www.learnataagbi.org

Pre-operative haemoglobin levels and iron status in a large
multicentre cohort of patients undergoing major elective surgery”

AHemMua y
XNPYPrmvyecKknx

oonbHbIX: Hb < 130 1/
(MY>XYUMHBbI U XKEHLLUWHbI)

Munoz M. et al. Anaesthesia (2017) 72: 826
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3aKnr4yeHune:
cepaeyHo-nero4yHas remoagnHaMuKa
No/1KHa ObITb oOueHeHa C MNpUMeHeHUneM
MHBA3UBHbIX " HEeUHBA3UBHbIX
NnapaMeTpoB, OTpa)kakLWmnx npeaHarpysky,
MexXaHn4yeckme XapakTepucTUKn CUCTEMBI
KpoBoobpalleHuns, 0bbeMHO-
reoMeTpuyeckme XapakKTepucTukm KaMmep
cepaua, CUCTEMHbIM NOTOK KPOBU W
banaHc nocraskun/norpebrieHns

Kncraopoaa.
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UIOHbCKAA
KOH®EPEHLUMA
B KAPAMOKAUHUKE

CNACUBO
3A
BHUMAHME!

Mpurnawaem npucoeamHUTbLCA
K YY4aCTHMKaM KOHpepeHLUnI
B Telegram-kaHane.
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