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MeTabonuueckum MOHUTOPUHT
B APUT?




«PacxoposaHue 3Heprumu — Haubonee
XAPAKTEpPHLIU NPOoLIeCC XUSHU»
Max Kleiber (1893-1976)

1,002,000y -—l —F &
, ;
|

100,000

(&)
.:c‘ IO.M
>N
o}
T oo
4
.o' :
o 100 ~
2
o ; T
- = o o
S B e e
T B33 | %
‘ ped | &
asay 0= 0. [ 10 100 1000 10000 b)OCD

Body Weight , Kg.
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The tight calorie control study (TICACOS):
a prospective, randomized, controlled pilot
study of nutritional support in critically ill
patients

* NamepeHHbu REE otnuuanca aeHb oto

AHa B nepebIe 10 cyToK.

* BbIkXuBaemMocCTb BbIle B Fpyrnne xecTkoro

koHTponsa kanopuu (p = 0,023).




Pre-evaluation LOS Data The Jewish Hospital Demonstrates Over 2-Day
T Average  Average  Average ICU Reduction in ICU Length of Stay with GE
Vent LOS ICU LOS Cost per Patient Ventilation

January 494 12.49 $38,241 81 F——

February 471 236 334,952.61 Respiratory Therapy vol. 11 No. 1 - Winter 2016
March 424 10.62 $33,788.70

Agpril 361 2.99 $31,918.46

May 4.41 9.93 $32,953 34

June 3.46 8.83 $33,339.08

July 3.12 2.99 $30,372.73 C

August 2.89 867 $29,256.73 Y me CT BeH H aﬂ
September 326 974 §33,873 27

Average January-

ot 0 0 wew | 3KOHOMMUA
Total Number of Ventilated Patients: 565 oo

Total Cost: $18,3229,328.85

90 Day LOS Study Data

Eval Month Vent 105 ICULOS  Cost pr atient
Qctober 269 6.31 $21,315.90
November 289 6.85 $24 589.00
Dacember 373 732 $24 43400
Total LOS for Eval 3.10 6.83 $23,446.30

Total Number of Ventilated Patients: 112
Savings: $1,007,438.88 (estimated)




3abbrnu kKNaccukos!

«Ku3Hb ecTb cnocob cyliecTBOBAHUS
6enkKoBbIX Ten..»

PpuapuUx SHrenbe




MeTabonuyeckum MOHUTOPUHT
B APUT?

KOHEYHO!



«BenuuuHa REE, nonyyeHHasa u3 ypasHeHUI, He
obsa3atenbHO TOYHO pasHa REE koHkpeTHOro
naumeHTa».

«REE cneayet onpeaenarb, ucxona us
KNMUHUYECKOU OLIeHKU, YYUTLIBAIOWEU TeKyluin
HYTPUTUBHBLIU CTATYC U NEepeHOCUMOCTD
HYTPUEHTOB> .

Ireton-Jones C., Jones J., Improved Equations for Predicting Energy Expenditure in Patients:
The Ireton-Jones Equations // Nutrition in Clinical Practice 17:29-31, 2002



Henpamaa kanopumertpus -
3TO pacuyer:

- TToTpebneHua kucnopoaa:
- VOZ = 10 x (V, X FiOZ = Vex FeOz)/BW
* BozaeneHus yrnekucnoro rasa:

- VCOZ - 10 X (Vex FeCOZ = Vi X F,COZ)/BW



CospemeHHbIU meTabonorpag
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Henpamaa kanopumeTtpus:
pecnUpaTopHbIe MOKAa3aHUs

HeyaauHoe otnydeHue ot MBJI;

OPAC:

[ny6okas (anuTtenbHas) cepaauma v aHanbresus;
Muonnerus;

XOBJ1 kak npuumHa OH:

HeobxoaumocTtb oueHku VO,;

OueHKa NPUYUHLL FUNepBeHTUNALUM.

Haugen HA, et al. Nutr Clin Pract. 2007
Academy of Nutrition and Dietetics. Nutr Clin Pract. 2007
Sundstrom M, et al. J Clin Nutr. 2013


http://www.ncbi.nlm.nih.gov/pubmed/?term=Sundstr%C3%B6m M[Author]&cauthor=true&cauthor_uid=22763268

Y bOJIbHOIO HA UBN
BCE B TTOPAOKE, ECIA...

e CTabunbHaa remoauHAMUKA ;

« HopmanbHeie:

— TpaHcNoOpT Kucnopoaa:;

— TkaHeBaa nepgysua (Lac,

— TTorpebneHue kucnopoaa

— dHepronoTpebHOCTDb.

°
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Poccumckue KnmHuveckue
pekomeHAauum

OBLLIEPOCCUNCKAA OBLLIECTBEHHAA OPTAHM3ALMA
«OEAEPALINA AHECTE3O/I0IOB 1 PEAHUMATOJTIOTOB»

MeTabonnyeckmin MOHUTOPUHT U
HYTPUTMBHAA NoaaeprKKa y 60nbHbIX Ha
MBI

dPepepanbHble KIMHUYECKUE
pekomeHaauum

2016

Cvesp AP, gespanb 2016



OnacHOCTU HYTPUTUBHOW
NOAAEPKKU

FTMNEPANMMEHTALIUA
rMneprivKkeMmA ycyrybnenue POC,
pocT Npoaykunn CO2 npoBneMbl € \
yBernuyeHwe BeHTMNALUMOHHbIX npeKpaweH1eM
noTpeOHoCTEM pecnupaTopHoOi
yeyrybnedue OH noanepxKu

KUPOBOW renaTos PocT ocnoxHeHuu

nu netasibHoCctTU

FTMNOANMMMEHTALIUA

yXyalleHWe 3aXKUBNeHUa paH

yBenu4eHWe pUcKa UHgeKLUA

cnabocTb M AUCPYHKUWA AblXaTeNbHbIX MblWL, Auadparmbl,
CKENeTHbIX MbILLL,




voL. AUGUST 201 ISSN 0261-5614

- ®- High protein & AA
-o- Medium proteina AA CLINICAL
- Low proteins AA s B
m©
2
-
-
@ R e s e
=
@
L&
o
o
(6]
0,8 r/kr
4.”-
I AfeKBaTHas
0 é :l é ;3 1ID 1I2 1I4 1IE 1IB ZID ZIZ 2I4 ZIE ZIB AOCTGBKG 66"1'(0
Time (Length of stay in the ICU) CHMWxXaerT pMCK

cmeptu 8 OPUT
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Kanopuu nnu 6enok?

* PeTpocnekTuUBHOE KOropTHOE:!

— 3Haummoe NneTanbHocTU npu Zkanopuit ot 0 ao 70% ot REE;

— HO: ZNeranbHocTtu/anut. neveHus 8 OPUT/UBJ1 npu “kanopuin >70%;

— 7BEJIKA - NJIETAJIbHOCTD.

Zusman O, et al. Crit Care 2016

» |Hopmokanopuveckoe nutaHue:
— 80-100% REE nepebie 24-48 uac 8 OPUT.

McClave SA, et al. Guidelines: SCCM and ASPEN. JPEN J Parenter Enteral Nutr 2016

Canadian practice guidelines 2015. www.criticalcar-enutrition.com [December 2016]

Singer P, et al. ESPEN guidelines on parenteral nutrition: intensive care. Clin Nutr 2009
Weijs PJ, et al. Crit Care 2014
Heyland DK, et al. Crit Care Mﬁd 2011


http://www.criticalcar-enutrition.com/
http://www.criticalcar-enutrition.com/
http://www.criticalcar-enutrition.com/

Kanopuu nnu 6enok?

 bonbwe 6enka - sBce 6onble aoKasaTenbcTs!
— 7BbxusaemocTtb, ~aHeu 6e3 UBJI.
Elke G, et al. Crit Care 2014

Alberda [C, et al. Intensive Care Med 2009
Weijs PJ, F‘r al. Parenter Enteral Nutr 2012

Mehta NM, et al. Am J Clin Nutr 2015
Allingstrup MJ, et al. Clin Nutr 2012
Weijs PJ, et al. Crit Care 2014

— >80% HyXHOro 6enka - M1eTanbHOCTU;
— 280% Kkanopui - Her.

Nicolo M, et al. JPEN 2016

— NJletanbHocTu Ha 1% Ha kaxabiv + rpamm bernka.
Mehta NM, et al. Am J Clin Nutr 2015

* NCnabocTb, ~MbIWLaA Npeanneybs;

 JletanbHocTb/AnuT. nedveHus cpasHumer (0.8 r/kr & 1.2 r/kr/peHb).

Ferrie S, et al. JPEN 2016
18



Kanopuu nnu 6enok?

* PKW: Tuno- (15) & Hopmo- (25 kkan/kr/aeHb);

Benok oauHakosbIn|(1.7 r/kr/aeHs).

— HeTt oTnuuumu: 28-aH. neTanbHOCTU!

— OnuTt. neyeHua s OPUT/NBJT u SOFA nocne
48 v 96 uac.

Rugeles S, et al. J Crit Care 2016

19



MaKpOHYTpUEHTLI

* Pbibuu xup:
— Meta-aHanus (10 PKM) - NuacToTer uHmpekumm, MBJT:

* B noarpynnax - “BpemeHu neveHus B cTaUMUOHape;
 HeT BnuaHUAa Ha neTanbHOCTD.

— PytuHHo HE PEKOMEHOOBAH.

Hofman Z, et al. Ann Intensive Care 2016

Manzanares W, et al. Crit Care 2015

20



JHTepasibHOe
nuTtaHue?



«ByNbOH KOCTHbIN»

[MnwesBan LEeHHOCTb U XUMUYECKUM COCTaB

KANEBEKYNATOP NPOAYKTA

NMUIeEan LOHHOETE HyTpueHTHBIW Gananc

Paamep nopum9: 100 m

http://health-diet.ru/base of food/sostav/2472.php

———————————— Kancpwfitoors L.7%
ConemaHue B NopLM9a Emnea BT
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Banmm 4 87
Hiape 12 23 - 7.5%  Na L35
a . _ E-car O% K 3.6%
¥rnesone oz 0.1 B1 0.7% =h 6.5%
T R e e = |[1r. Xupos = 9 kKkan;
85 0% 3 0.1% -
Harpui 17.4 1.3 s T a.4% ° ¢
B 0.1%  zn 0.1%
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KanopuiHocTe BYNbBOH KOCTHEIW .
InepreTuecHin bananc
Kanopuu 28.6 kKan Eenkn, S56.1%

M3 HUX oT DenkoB 16 kKan

M3 HWUX OT HWUPOE 12 kan

M3 HWX OT YIMeBqqoB 1 kKan

¥rmegodakel, 2.29%

Hrupe, 41.1%



http://health-diet.ru/base_of_food/sostav/2472.php
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ANOVA, Holm-Sidack test




[lepepava gaHHbIX
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H.,72 r. XCH, B 27%, HeBO3MOXHO omqub oT MBI‘I
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BEJIUKOB BJIAJITUMUP JIEOHUJOBHUY

SHTEPAJIbHASI OKCUTEHOTEPAIIHSI NPU SHTEPONIATHUSAX
KPUTUYECKHX COCTOSIHUI

14.01.20 — anecTesnon0rus u peanuMaTosorus

ABTOPE®EPAT ' ‘
AHCCEPTALHH HA COHCKaAHHEe y'lEHOii CTeneHH 7

KaHAHAATA MeJHUHHCKHX HAYK “

Canxr-Ilerepdypr - 2017



Ewe BO3IMOXHOCTU

rasoaHasinumsa...



000 Maximum possible inspiration

B, m 'y ¥ 3
5,000 |— I I

Inspiratory Inspiratory
4.000 |— reserva volume capacity

Vital capacity

$0OE

Lung volume (mL)

PesepBHbLIN 06BLEM
Obwasn KHN3HeHHasn Baoxa (POBp, IRV) EMKOCTL
€MKOCTb €MKOCTb KeH.—1,9, Mmyx.—3,3 I BAOXA
nerkux nerkux Abixat. oobeM (1O, V1) (EBg, 1C)
(OEN, TC) (>KEJ, VC) XeH. nmyx.—0,5n 3,6
KeH.—4,2 n KeH.—3,3 N Pe3epBHEIN 06BEM PYHKUNOHaNbHaA
My>.—6 N My>k.—4,8 n Bblgoxa (POBbBIg, ERV) ocTaTo4vHas
KeH.—-0,7, myx.—1n eMKOCTb

OcTaTo4HbIN 06BEM (OO, RV) (POE, FRC)
KeH.—1,1n, myx.—1,2n 2,4 n




Onpepenexue Pacuet
ob6bema un U3meHeHune U3MEeHeHUM
KOHLIeHTpaLum FiO, (10%) obbema u
N KOHUEeHTPauuun
2 N,

FRC =

AVN,
AETN,

FRC =

Pacuetr ®OE

> breaths| | (1— ETO, — ETCO, )- veo, . (L- FiO, VCO,
ETCO, - RR

ETCO, - RR

|

, Vo, -vco,
RR

(1- ETO, — ETCO, )oaseline — (1- ETO, — ETCO, )Jend




CPABHEHUE UCXOOHbIX 3HAYEHUW
POE
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# BExtremes

! p<0,001
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UYtobbI He
PasouapoBaThCs...



TIPEMMYLLECTBA VO,

He HyxeH MOKI

He HyXHbI rassr kposu!

«YHYuctbIv» rasoaHanums.

HeuyBcTBUTENEH K FTMNEepAUHAMUM.

YyscTButeneH k runepokcuul

-

‘03BON9€eT oUeHUTb yTunusauuro O,
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AARC Clinical Practice Guideline
MNMMWV 7.0 LIMITATIONS OF PROCEDURIE:
L'm;f:*]“gfcf:lf_;:;e f:;':;iféil'r;?"ﬁd&; and RO may Metabolic Measurement Using Indirect Calorimetry During
not be possible® 53 because of patient condition Mechanical Ventilation—2004 Revision & l'p(liltt‘
or certain bedside procedures or activities.
7.2 Inaccurate measurement of REE and RQ
may be caused by leaks of gas from the patient/
ventilator system preventing collection of ex-
pired gases including
7.2.1 Leaks in the ventilator circuit!-*->
7.2.2 Leaks around tracheal tube cuffs or
uncuffed tubes!-#.>
7.2.3 Leaks through chest tubes or bron-
chopleural fistulas*
7.3 Inaccurate measurement of REE and RQ
occurs during peritoneal and hemodialysis due
to removal across the membrane of CO; that is

not measured by the indirect calorimeter!-#-=-17
7.4 ITnaccurate measurement of REE and RQ
during open circuit measurement may be

caused by
7.4.1 Instability of delivered oxygen con-
centration (Fyo,) within a breath or breath
to breath due to changes in source gas

pressure and ventilator blender/mixing Here pme'rva bIV KOHTYP .

7.4.2 Fro, > 0.601-4.5.65.66
7.4.3 Inability to separate inspired and ex-

pired gases due to bias flow from flow- ° °

triggering systems. IMW systems. or spe-— °

cific ventilator characteristics!-+-5.67.68 ' > °
2 2 ‘

7.4.4 The presence of anesthetic gases or
gases other than Oz, CO:, and nitrogen in
the ventilation system®®

7.4.5 The presence of water vapor result-

ing in sensor malfunction PEEP > 1 2

7.4.6 Inappropriate calibration®? C B A ° CT
7.4.7 Connection of the indirect calorime-

ter to certain ventilators, with adverse ef-

fect on triggering mechanism, increased
expiratory resistance. pressure measure-

S e e <90 MUH nocne cmeHsbr
7.4.8 Total circuit flow exceeding internal

gas flow of indirect calorimeter that incor-
porates the dilutional principle™

pexuma MBI
3TTT <3-4 vac:
Taxenas rmnokcemus.

American Association

Respiratory Care




He 3a6biTb oTkanubposarts!

Cocrosnune OTHOWIEGMNE ﬁ’fé Tepramn PesynustTarsl
A
1, 1 "iffﬁ cooTsercTeyer HopmanoHoOe
co,— ——=o0, Pa02:P.CO,
B
>1 BeHTHNRUMA 0., Mp,CO,
- MEpPTBOMO
P npocTpaHcTea
B
<1 BeHosHoe 0.,
npUMeLLMBaHue  HopmanbH oe
wmn .CD;

P.CO, & Pc+CO, = A 4-5 mm Hg



TTomHUTL!

STEADY STATE - merta6onuueckoe

paBHOBecue:

— N3meHeHna VO,/VCO, B TeyeHue 5 mMuH He

>107% vnu Ko3appULMeHT Bapuaumm He >5%.




Bnuarue Ha VO, u VCO,

Jleverue A REE (%) CTOUHMK
Karexonamubl
INUHePUH, 300POBbIE UCNBITYEMBIE  +29 CboCTpoM u Ap., 1983
SMNUHEPPUH, CENTUUYECKUN LIOK +1% MakeH3u u ap., 1991
HopanuHedpuH, 300poBbie +1% Caeaimup 1 ap., 1966
NCTIbITYEMbIE + 29 JaBapac u ap., 1989

HopanuHedpuH, cenTryeckui oK

JlonamuH, 300poBbIe UCbITYEMbIE +6-15 PyTumaH u ap., 1991



Bnuarue Ha VO,

JleyeHue

*beTa-bnokarophbl
lMponadon, TAXenbie 0Xoru
-Cenaymn

MocT-onepauuoHHbie O0NbHLIS,
Haxogawuecsa Ha UBJI

bapbutypartbi, YMT

*AHanre3na MopthUHOM

MopdnH,
nocneonepaunoHHble

A REE (%)

-20-55

- 32

MCTOUYHUK

bpaHTwTenH u ap.,1990

boua n ap., 1992

Hemncu u gp., 1985

Poapurec v gp., 1983



BnuaHue Ha VO, u VCO,

bonb,
TTcuxosmoumoHanbHoe Bo3byxaeHue;

["OpMOHANbHBLIU POH:
— TUPEOTOKCUKO3, MUKCEeaEeMa;
— PeoxpomoLmUTOoMa, MMNOKOPTULIUIM;

— 3amecTuTenbHas Tepanusa 'KC.
P



HObason B petanax

 TTposeneHue mnsmepeHun:

— He <25 MUH ¢ oueHKoM UHTerpanbHoro nokasatens; (A)

— YTpom u uepes 8-12 uyacos:

« bonblwe TOYHOCTb U KOPPeKTHOCTL UHTepnpeTaumu. (C)

* BenuuuHa RQ:

—>1,3 1 <0,67 - mepa KoppekTHOCTU UsmepeHun. (C)
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