J1bBIBCbKMW HALiOHANIbHUN MeANYHUM YHIBEPCUTET IMEH]
[laHwnna [annubKoro

Kadenpa aHecTe3ionorii Ta iHTEHCMBHOI Tepanii

MpunixKkoBnn MOHITOPUHT di3ionorii AuXaHHA y AiTen
nig 4ac nposeaeHHA pecnipaTtopHoI Tepanii
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AKTYa/IbHICTb

v HallepeKTuBHiLi cTpaTerii niKkyBaHHA nauieHTiB 3 [AH rpyHTYlO0TbHCA
Ha MiHIMIi3aLUil BEHTUNATOP-IHAYKOBAHOIO YW KOAXEHHSA N1ereHb -
ventilation-induced lung injury (VILI).

v CyyacHi peKomeHaauii 3 nikyBaHHA aewo moaudikyiortsb LLIBJI
BpPaxXoByOUM nauieHT-cneundiuHi pakTopu pusmnky.

v'Lle 3anopykKa iHAnBiAyani3oBaHOI 1ereHeBoO-NPOTEKTUBHOI
BeHTUAALII Y xBopux 3 [H.

Jeremy R. Beitler. Bedside respiratory physiology to detect risk of lung injury in acute respiratory distress
syndrome. Curr Opin Crit Care 2019, 25:3 - 11. DOI:10.1097/MCC.0000000000000579
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bioQi3an4Hi mexaHiamu po3suTKy VILI

Boniotpasma;
bapoTtpaBma;
ATteneKktTpaBma;
CTpec-KOHUEeHTpaLuif;

bioTpaBma.
Beitler JR, Malhotra A, Thompson BT. Ventilator-induced lung injury. Clin Chest Med 2016; 37:633 — 646.

**»TpaauuiiiHi TexHiKu ouiHOBaHHA pu3uKy VILI BpaxoByHOTb TUCK B AUXAZIbHUX
LWAAXaAX, NOTiK, 3MiHM 06’emy Ta noTpebytloTb HEObXiaAHUX iIHCTPYMEHTIB ann
BCTAHOB/IEHHA HAABHOCTI NepPepo3TArHEHUX BEHTU/IbOBAHUX AINAHOK siereHb Ta
AINAHOK aTeneKrasis.

“*MpunixkoBsa Bisyanisauia sepudikye perioHanbHi BigMIHHOCTI mexaHiKK, npoTe
noTpibHi NnoaanbLi AOCNIAXKEHHSA WO6 BCTAHOBUTU AK Lie MOXKHA AKHaKpalye
BUKOPUCTOBYBATU B KNiHIUHIA NpaKTULi.
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[TonnixkKKose oLuiHOBaHHA Gi3i0N0TIT ANXAHHS

 KniHivyHO pO3ropHyTa 6ap0'rpaama AK UMOBipHe ycKnaaHeHHA LLIBJ1 no TUCKY
Bigome BXe noHap, niscronitra. Nporte, 6apoTpaBma, Ue Anwie o4UH 3 NPUKNaais
VILI, ane He NOro CUHOHIM

* LLIBJ1 moyKe maTu i MeHL BUPAXKeHi YLWKOAKYIOUI e(PeKTU — YLLIKOAKEHHSA
eHpoTenianbHoro 6ap’epy, popmyBaHHA HabPAKY NereHb, KNITUHHE Ta TKAHWHHE
VLWKOAXEHHA ICTOPUYHO BBAXKANINCA HACNIAKOM B/1IaCHe I'PLI,C npoTe B OCTaHHI
AECATUNITTA ue BBaXKaloTb i maHidpecTrauieto VILI.

Slutsky AS, Ranieri VM. Ventilator-induced lung injury. N Engl J Med 2013; 369:2126 — 2136.
e OCKiZIbKU KNiHIYHO AOCTYNHI, Ti WO BUKOHYETbCA B peasibHOMY Yaci Ta BaniaoBaHi
6iomapKepu VILI BiaCyTHi, MOHITOPUHI NpunixKKoBoi disionorii € nepBUHHUM
IHCTPYMEHTOM AnA agantyBaHHA LLUBJ1 o nauieHT-cneyn@iyHUX pU3UKiB.

Jabaudon M, Blondonnet R, Roszyk L, et al. Soluble receptor for advanced glycation end-products predicts impaired
alveolar fluid clearance in acute respiratory distress syndrome. Am J Respir Crit Care Med 2015; 192:191 - 199
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BontoTpaBma

* Bucokui tidal volume cnpuunHae 3ananbHUM HabpAK nereHb WO rictonoriyHo niaresepaxye VILI.

* 06’em BeHTU AL npy TPAC 3a3BM4ail € MEHLUMM HiXK PO3MipK 340POBUX IereHb Yepe3 Habpak
aNbBeO/N Ta aTe/IeKTa3yBaHHA . LA Tak 3BaHa “autauva nereHa” mae meHwunit 06’em pgna
BeHTUAALII, noTpebye meHworo 06’emy HiXX gna 340poBUX NereHb Wob6 nonepeanTu
nepepo3TArHeHHA iereHeBol NapeHXiMmu.

Beitler JR, Majumdar R, Hubmayr RD, et al. Volume delivered during recruitment maneuver predicts lung stress in acute respiratory distress syndrome.
Crit Care Med 2016; 44:91 - 99.

The study validated a simple, novel bedside approach to measuring the inspiratory capacity of the ARDS ‘baby lung’. Macintyre N. Lung protective
ventilator strategies: beyond scaling tidal volumes to ideal lung size. Crit Care Med 2016; 44:244 — 245.

* TUM He MeHLU, MOXKYTb BUHUKHYTU BiAMIHHOCTI B perioHanbHil mexaHiui npu seHTuAALUii
“AUTAYOI NereHi», Wo NPM3BoAUTL A0 TOrO, WO AeAKi NereHesi CyboaUHULI NOWKOAXKYIOTbCA
HagMiPHUM PO3TArOM, HaBiITb AKLLO rN06anbHi 06cArM nereHb BUABNAIOTLCA TAKUMU AK byno

po3paxoBaHo.

Terragni PP, Rosboch G, Tealdi A, et al. Tidal hyperinflation during low tidal volume ventilation in acute respiratory distress syndrome. Am J Respir Crit
Care Med 2007; 175:160 - 166.
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bapoTpaBma

TUcK-onocepeAKoBaHe YLWKOAKEHHA NereHb, BKAOYAlOUM AK BAacHe 6apoTpasmy,
TaK i yWKOAKYIOUe MiKpOCKOoNiYHe ypaXKeHHA ereHb, Ha3uBaEeTbCA 6apoTpaBmolo.

TpaHCNyIbMOHAPHUM TUCK € BIACHE TUCKOM PO3TATHEHHA NIereHb i BU3HAYAETLCA AK
Pi3HMLA TUCKY BCcepeauHi i no3a nereHamu (puc. 1).

BUCOKMIA TUCK B AUXaZIbHUX LUNAXAX Ta BUCOKUIN TPAHCNY/IbMOHAIbHUINA TUCK, WO
BMHUMKaloTb npu I'PAC, MOXYTb B|p,06pamam nepepo3TArHeHHA HeBe/UKOoro
BeHTUAAUiNnHOro o6’emy “gurauoi nereni”.

O6’em nereHeBoi BEHTUAALII Ta TPAHCNYNbMOHaNbHUM TUCK f06pe KopenioloTh MiXK
coboto AK npu Bidyanisauii TaK i npu BUBYEHHI PYHKLii nereHb. AepoBaHuit 06'em
nereHis i TPAHCNYNbMOHaPHUIN TUCK A06pe KopentoloTb AK Y Bidyanisauii, Tak i B
AOCNiaXeHHAX nereHeBol GyHKLUii. PerioHanbHi BiAMIHHOCTI B MeXaHiui MOXyYTb
CNPUYMHUTU PU3UK NOLLUKOAXKEHHSA /lereHb, HaBiTb AKLLO robanbHi 3axoamn Ha
obmerkeHHA TUCKY byayTb BpaxoBaHi.

O.B. ®inuk. 11-11 bputaHo-YKpaiHcbkuin Cumnosiym. Kuis, 2019



FIGURE 1. Transpulmonary pressure (Pairway = Ppleural) is the
pertinent distending pressure of the lung. At zero flow,
airway and alveolar pressure are equal; for example, during

Pa:\m {10 an end-inspiratory plateau pressure maneuver. (a)
Yoo Nonintubated patient, normal spontaneous breathing at end
inspiration. (b) Intubated patient without respiratory disease,
Ppl:-10 Ppl: 0 passive on mechanical ventilator at end inspiration. ()
Ptp=0- (10} = +10 cmH,0 Pp =410~ 0) = +10ami,0 Intubated patient, chest wall stiffness results in lower

transpulmonary pressure and lower lung volume at end
inspiration despite higher airway pressure. (d) Intubated
patient, forceful inspiratory muscle effort, such as from
heightened respiratory drive, produces high transpulmonary
pressure and lung volume at end inspiration even though

N airway pressure is reasonably low. Py, airway pressure;
P, pleural pressure; P, transpulmonary pressure. Reprinted
with permission [15].

(c) (d)

Paw: +i0

y ."

Ppl: +22 Ppl: -20
== | Ptp= +30 - (+22) = +8 cmH,0 Ptp = +10 - (-20) = +30 cmH,0
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ATeneKkTpaBma

* LLlnKniyHMIA Konanc Ta NOBTOPHE BiAKPUTTA aTeNeKTa30BaHUX NpoTe peKpyTabenbHux
NereHeBUX YacTOYOK BUK/IMKAIOTb LWKiANAUBI BUCOKi cunu 3cyBy — e ¢eHomeH
aTeNeKkTpaBMM.

* MlepeaymoBu A0 TaKoro Tuny ywkoaxXeHHAa npu NPAC — 3meHLWweHHA CUHTe3y
cypdaKTaHTy Ta 3anaZieHHA NapeHXiMmu nereHb

Taskar V, John J, Evander E, et al. Surfactant dysfunction makes lungs vulnerable to repetitive collapse and reexpansion.
Am J Respir Crit Care Med 1997; 155:313 — 320.

* Mo mipi TOro, AK NOBITPAHMI NOTIK NOLWMNPIOETLCA B3A0BXK K0/1a60BAHOI YaCTOUKMU
NlereHb, NOBTOPHE PO3TArHEHHA ANXANbHUX WAAXIB NPUUMAE KOHPOopMaUiUHY dopmy,
noAaibHy po "6nucKkasku", AKka CTBOPIOE HAA3BMYANHO BUCOKIi 3yCUANA 3CYBY, WO CNPUAE
NOLWKOAXEHHIO enitenito

Ghadiali SN, Gaver DP. Biomechanics of liquid-epithelium interactions in pulmonary airways. Respir Physiol Neurobiol
2008; 163:232 - 243.

* BUCOKNU NO3NTUBHUMU TUCK BKiHLI BUAUXY 3BUMHO BUKOPUCTOBYETbCA abn miHimisyBaTn
aTeNIeKTpaBMy, NPOTE MOXKe NiABULLUTU PU3UK NEePEepPO3TATHEHHA NIEreHb.
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CTpec-KOHUEeHTpaLlA

* YIWKOAXKEHHA 1ereHb MOXXe BUHUKATU Yyepe3 perioHapHi BigAMIHHOCTI
MeXaHiKu nereHb. JlereHeBi YaCTOUYKU € B3aEMO3a1IEXXHUMMU Bij, OTOUYIHOUUX
3MiH - HeaepoBaHi AiINAHKU CYNPOBOAXKYIOTbCA Nepepo3TArHEeHMMU
AINAHKaMM.

* BUpaXKeHicTb cTpec-KOHUeHTpauii Kopentoe 3 bioximiuHMmmn mapkepamm VILI.

Cressoni M, Cadringher P, Chiurazzi C, et al. Lung inhomogeneity in patients with acute respiratory distress
syndrome. Am J Respir Crit Care Med 2014; 189:149 — 158.

Mrozek S, Jabaudon M, Jaber S, et al. Elevated plasma levels of SRAGE are associated with nonfocal CT-based lung
imaging in patients with ARDS: a prospective multicenter study. Chest 2016; 150:998 — 1007.

7 N
v .
. -
< 7

O.B. ®inuk. 11-11 bputaHo-YKpaiHcbkuin Cumnosiym. Kuis, 2019



(.)/giggii (i)\:i % % E %

| j | -
FIGURE 2. Mechanical alveolar interdependence and shear strain. (a-c) Classic model of alveolar interdependence; each
hexagon represents an alveolus in cross section. (a) Homogeneous alveolar inflafion minimizes strain. (b) Atelectasis of center
alveolus induces shear strain of neighboring alveoli. (c) Asymmetric inflation of center alveolus induces shear sirain of
neighboring alveoli. (a-c) Reprinted with permission [34]. (d) Computed tomography chest with overlying map of computed
tomography-derived regional stress concentration caused by parenchymal heterogeneity in a representative patient with acute
respiratory distress syndrome (light blue indicates low stress; orange indicates moderate stress; red indicates high stress). (d)
Reprinted with permission of the American Thoracic Society. Copyright © 2018 American Thoracic Society [36]. The

=\ American Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society.
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bioTpaBma

* Lle pe3ynbTaTt nonepeaHbo NnepepaxoBaHUX MeXaHi3MIB, @ TAKOXX
BMNJ/IMB HA iHLWI CUCTEMM OPraHiB.

* Tomy BU3HAUYEHHA “nereHeBO-NPOTEKTUBHOI BEHTUAALII” He 30BCim
TePMIHO/IOrNYHO BAaNe — BEHTUAALIA MA€E AK MiHIMYM He
YLWKOAXKYBaTU BECb OPraHiam.
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I[HCTPYMEHTW, AOCTYNHI ANA NPUNIXKKOBOIO
MOHITOPWHIY BCOAM

* BU3sHaueHHA TUCKY, 06’emy, dopmu KpuBUX Ta netenb
* CTaTUYHi Ta AMHAMIYHI NOKA3HUKMU

* MpoTe, Hema HIYOro Kpaworo AK NpaBuabHa iHTepnpeTayia Lux
NOKa3HUKIB KNIHILUCTOM.

* OKpim TOro, NOKasHMKU ra3oobmiHy, oL iHIOBaHHA NO3asereHeBux
VLWKOAEeHb Ta nepebiry 3axBoptoBaHHA NaLi€HTa.

Protti A, Andreis DT, Monti M, et al. Lung stress and strain during mechanical ventilation: any difference
between statics and dynamics? Crit Care Med 2013; 41:1046 — 1055.

" 0.B. ®inuk. 11-i bputaHo-YKkpaiHcbkuit Cumnosiym. Kuis, 2019



Table 1. Summary of bedside techniques

Tools widely available ot bedside now

Physical exam Barotrauma (estimate chest wall Universally available Difficult to quantify
mechanics) No resource cost Limited data
Atelectrauma (forceful expiration) Inter-rater reproducibility
Risk of delayed detection
Airway plateau pressure  Barotrauma Easily measured Does not consider chest wall
Extensive data supporting coniribution
some value Mis-measurement during active
patient effort

Airway driving pressure  Barotrouma Easily measured Misinterpretation of preset value

Some dalta supporting value (pressure-targeted modes) during
Potential to scale tidal volume active patient effort

Exhaled tidal volume Volutrauma Easily measured Minimal data on precision
Reaktime breath-to-breath
detection
Ventilotor waveform Volutrauma (breath stacking) Widely available Limited to time clinicion is at bedside
inspection Inter-rater reproducibility

§l i
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Emerging tools

Esophageal manometry  Barotrauma (end-inspiratory P) Overcomes limitations of limited data on clinically important
Atelectrauma (end-expiratory P)) measures relying on airway  metrics and thresholds
pressure alone
Measures of ‘baby lung’  Volutrauma Future potential for scaling Limited availability of most techniques
volume tidal volume Widely available technigue not well
validated

Ventilator waveform Volutrauma (breath stacking) Reaktime breath-to-breath Clinically important metrics not well
computational analysis ~ Barotrauma and atelectrauma detection defined

(stress index)

Potential to be incorporated in
ventilator software

Electrical impedance Volutrauma Realtime breathto-breath Evaluates single cross-sectional plane
tomography Atelectrauma detection Nonuniform imaging algorithms and
Stress concentration Assess regional differences in indices

distension Clinically important metrics not well
defined
Lung and diaphragm Barotrauma (pneumothorax) Widely available Inter-rater reproducibility
ultrasound Atelecirauma Cannot detect overdistension

Diaphragm injury

Limited fo subpleural zones

Evaluate for alfernative diagnoses
(cardiac and pleural vlirasound)

P,, transpulmonary pressure, defined as airway minus pleural pressure.
VA

13 .
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MeToaun Bi3yani3aull

* MeToAMKM AKi BUMiPIOIOTb TUCK B ANXa/IbHUX LWAAXAX He
BPaXOBYIOTb TPaHCN/EeBPa/bHUIA TUCK AK CKNAA0BY CTPECY NIereHb.

* BusHaueHHA 06’emy He BpaxoByOTb PYHKLiIOHaNbHOro 06’emy
“puTavoi nereni”.

* UMKAivHi aTenekrasun Ta perioHasibHa MeXxaHiKa nereHeBol
napeHximm HeaoCTaTHLO BepUPiKYOTbCA. TOMY AONOMIXKHI TEXHIKK
Bi3yani3auili HAMararTbCA 3aKPUTU Wi NPOrasiuHun.
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BUMIptOBAaHHA TUCKY B CTPaBOXOA

e CyporatHe BUMIpPIOBaHHA PE3y/1IbTYIOUOro TUCKY B FPpyAHIN KAiTui

* HiBentoeg, nopiBHAHO 3 TUCKOM nAaaTto, driving pressure ta PEEP, sBnaus
BNAaCTUBOCTEMN FPYAHOI KNITKU | NnepeaHbOi YepeBHOI CTIHKM Ha
TPAHCNY/IbMOHANIbHUU TUCK.

* Bapto BUKopucrosysatu npu niabopi PEEP (uepes KiHUeBO- eKCI'IIpaTOpHMM
driving pressure) Ta 06’em BUAMNXY (uepes TpaHcnynbMOHanbHKUi driving
pressure Ta TPaHCNY/1IbMOHA/IbHUU TUCK NA1ATO)

* |lpeanbHnn PEEP AOCAra€ TpaHCNy/IbMOHa/IbHOTO TUCKY 6/113bKoO HynA Ta LUe €
Kpauoto CcTpaTerielo Wwoa0 NiKyBaHHA NOPIBHAHO 3 BUKOPUCTAHHAM
AvHamiku pa02/FiO2.

Talmor D, Sarge T, Malhotra A, et al. Mechanical ventilation guided by esopha- geal pressure in acute lung injury. N
Engl J Med 2008; 359:2095-2104.
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BaHayeHHA o6’ emy “aAnTavoi nereHi”

BukopucraHHa 06’emy Buguxy.

Komn’lotepHa Tomorpadia, npoTe Npu TAXXKUX PECTPUKTUBHUX NOPYLUEHHAX Le
MoKe ByTn HeaoLiNbHO | Hebe3neuHo ANA NauieHTa OCKiNbKK NoTpebye
TPAHCNOPTYBAHHA Y paAionoriyHe BiaAiNEeHHA a TAKOXK NOTPiOHI NOBTOpPHI
obcTexkeHHA nicnAa 3amiH napamertpis LLBJI.

BumiptoBaHHSA iHcnipaTopHOi emKocTi nereHb npu 30 ¢ 3pocTaHHi TUCKY A0 40 cm
BOA, CT.

MpunixkkoBe Bu3HauyeHHA “Nitrogen wash-out/wash-in and helium dilution” gna
BU3HAUYeHHA 06’emy nereHb HanNpuUKiHLUi BUAUXY.

Gattinoni L, Caironi P, Pelosi P, Goodman LR. What has computed tomography taught us about the acute respiratory distress
syndrome? Am J Respir Crit Care Med 2001; 164:1701 - 1711.

Chiumello D, Cressoni M, Chierichetti M, et al. Nitrogen washout/washin, helium dilution and computed tomography in the
assessment of end expiratory lung volume. Crit Care 2008; 12:R150.

v .
. -
¢ 7

O.B. ®inuk. 11-11 bputaHo-YKpaiHcbkuin Cumnosiym. Kuis, 2019



ABTOMATM30BAHMIM aHaI3 KPUBUX ANXAHHSA

* ABTOMaTU30BaHWUI aHani3 KPUBUX TUCKY Ta NOTOKY B OCHOBHOMY 30CepeaKeHMit
Ha BUAB/IEHHI NaLiEHT-BEHTUNATOPHOI AeCUHXPOHI3aLil.

* OKpim TOro moxXHa sepundikyBatu nepepos3TArHeHHA ereHb Ha OCHOBI aHaNi3y
netesb ANXaNbHOIO LUKAY.

* CTpec-iHAEeKC TaKoX Mo3e byTn po3paxosaHui, npote noTpebye cneuianbHoro
NpPoOrpamHoro 3a6e3neqe|-||-|ﬂ Ta € Bam,qHMM Ha CbOroAHi AnLwe ANA TUX PeXXUmis
LLIBJ1 ge € nOCTiIMHWUM iHCNIPAaTOPHUM NOTIK.

Beitler JR, Sands SA, Loring SH, et al. Quantifying unintended exposure to & high tidal volumes from breath
stacking dyssynchrony in ARDS: the BREATHE criteria. Intensive Care Med 2016; 42:1427 — 1436.
The study validated objective criteria to identify occult high tidal volumes from breath stacking dyssynchrony.

Pohiman MC, McCallister KE, Schweickert WD, et al. Excessive tidal volume from breath stacking during lung-
protective ventilation for acute lung injury. Crit Care Med 2008; 36:3019 — 3023.
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EnekTpoimnegaHcHa Tomorpagis

* HoBa npuAixKKoBa TEXHONOTIA WO OLUIIOE perioHaNbHe nereHese
nepepos3TArHeHHA B NonepeyvHin NNOLWMUHI.

* Ana ineHTMdiKauii Kosancy anbBeon, UMKAIYHUX aTeNIeKTasiB,
nepeposTArHeHHA Ha BU3UXY, CTPeC-KOHUEeHTpaLil.

* OcHOBHe 0bMmeXKeHHA — OLiHIOBAaHHA IULLEe OAHIET AiINAHKU
nonepeyvyHoro nepepisy Wo MmoxKe He Biaobparkatu 3miH Hapg YCieEto
NOBEpPXHeo NereHb.

Leonhardt S, Lachmann B. Electrical impedance tomography: the holy grail of ventilation and perfusion
monitoring? Intensive Care Med 2012;

38:1917 - 1929.
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Y3-aocniaeHHA nereHeBol NapeHXIMu Ta
aiadparmm

e louwinbHO ANA AIarHOCTUKM KOHCONIAAUil iereHeBO napeHXximm,
iAeHTU®IKaLil B peaZibHOMY 4Yaci 3MiH B NapeHXiMi Npu peKpyTMeHTI
Ta Bubopi PEEP.

 ObmerkeHHA Wwoao sepudikauii nepepo3TArHeHHA YM Bidyanisauii
MMBOKUX AINAHOK NereHo.

* Bepuoikauia LLIBJ/1-acouinoBaHOro yLWKOAKEHHA NereHb.

Goligher EC, Fan E, Herridge MS, et al. Evolution of diaphragm thickness during mechanical ventilation: impact
of inspiratory effort. Am J Respir Crit Care Med 2015; 192:1080 — 1088.

Goligher EC, Dres M, Fan E, et al. Mechanical ventilation-induced diaphragm && atrophy strongly impacts
clinical outcomes. Am J Respir Crit Care Med 2018; 197:204 - 213.
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BNCHOBKMW

* MpunixKkoBa Bi3yaniszauia sepudPikye perioHanbHi BigMIHHOCTI
MeXaHiKM nereHeBol NapeHXiMum.

* BusHayeHHA nauieHT-cneyndiyHUX pU3nKiB BUHMKHEHHA VILI
notpebye po3ymiHHA 0cO6AMBOCTEN MEXaHiIKKU nereHb ANa KOXXHOro
nauieHTa 3 BpaxyBaHHAM HUoro bionoriuHux ocobnusocreu.

* Baano nigibpaHa pecnipatopHa nigTpuMKa, BignosBiaHO A0 LUX

daKTopis, Aae moxknmsocti yHnKatu VILI Ta noB’A3aHOI 3 HUM
3aXBOPOBAHOCTI.
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OAKYHO 3A YBATY!
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