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Highlight

IIpumeuanue. Highlights — ocHoBHBIe Te3uch! (B popme unporpacduku). Heartfirst — cepaue, npeskne Bcero; step 1, never —
mar 1, Hukoraa; induce hypotension — He mHAynUpYH runorenanio; induce low cardiac output syndrome — He UHUITUUPYH CUH-
JPOM HH3KOTO CepieYHOoro BeIbpoca; induce right ventricular disfunction — He BbI3bIBail JUC(HYHKINIO IIPABOTO JKETYI0UKA; Step 2,
possibly — mar 2, BoaMoskHO; protective and atraumatic — npoTeKTHBHO U HeTpaBMaruuHO; synchronized and noninvasive —
CHHXPOHU3WPOBAHHO M HEMHBA3UBHO; tolerate with moderate hypoxia/hypercapnia — ycToi4YMBOCTb K yMEpEHHOH T'MIIOKCUN/TH-
nepkanHuy; promptly started, bravely stopped — cTpeMuTeIbHO 3aIyIIEHO, PEIIUTEIFHO OCTAaHOBJIEHO.

Pe3rome

PesysisraThl IOC/I€IHUX KPYITHBIX PAHIOMU3UPOBAHHBIX UCC/IEIOBAHUN CBUETEIbCTBYIOT O TOM, YTO HC-
TOJIb30BaHKE BBICOKOTO IIOJIOKUTEIHHOTO JaBJIeHU: B KOHIle Bbioxa (PEEP) npu nmpoBenenny NCKyCCTBEH-
HOW BEHTHJIAIUN JIETKUX Y MMAIMEeHTOB 6€e3 OCTPOro pecnuparopHoro aucrpecc-cuaapoma (OPIIC) MoskeT
TIPUBOJUTE K YBEJINYEHUIO CMEPTHOCTH BCJIEJICTBHE PA3BUTHA TUIIOTEH3NH U Opaaukapanuy. TaTeapHas
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oleHKa (OYHKIIUH cepiia, 0COOEHHO IIPABOro SKeJyN0YKa, Heobxoauma nepes HasHaueHneM MBJI Bcem
60J1bHEIM, BRJTIOYass — COVID-19  OP/IC. MIBJI moskHA OBITH MaKCUMaIbHO HEe WHBA3WBHOM, CHHXPOHH-
3MPOBAHHOM, MUHMMAJIBHO BJIMATH Ha (DYHKIIHIO CepAIIa, ee IpoBeeHne JOITyCKaeT yMepeHHYIO THITOKCHIO

U TUIIepKAITHUIO.

Kanarouesvle crosa: UCKYCCIMEBEHHASl 6eHMUNAAUUA JIeCKUX, cepaue

KoHQINKT HHTEpeCcOoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJIUKTA UHTEPECOB.

Summary

Results from recent large randomized trials investigating the use of high PEEP in patients without ARDS
all suggest that high levels may increase mortality due to hypotension and bradycardia. A careful assessment
of cardiac function — with particular focus on the right ventricle — should be performed before planning our
ventilation strategy in any setting, including COVID-19 and ARDS in general. Mechanical ventilation should
be respectful in regards of heart function, and tolerant with moderate hypoxia and hypercapnia, noninvasive

(whenever possible) and synchronized.
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BBenenue

Korma marckuii anectesuosior bropa Mocen
B 1952 roay BBeJI B KIIMHUYECKYIO [IPAKTUKY BEH-
TUJISIIAIO JIETKUX C TI0JI0KUTETbHBIM JaBJIEHUEM,
B MeJUIINHE IPOM30IILIA HACTOSIIAS PEBOJIIOIIHS.
Bo3MOsKHOCTE «3aMeltieHus» (PYHKIIUN IbIXaTeshb-
HBIX MBIIII] (BHa‘IaJ’Ie CTapaHusMU CTYAEHTOB-
MEJNKOB, a TIOTOM U C TIOMOIIBIO CITENUaTbHOU
amnmaparyphl) MO3BOJINUIA OPTaHU30BaTh IIEPBHIE
OTAEJ€HUA peaHnMalv 1 HHTeHCHBHOﬁ Tepannun
(OPUT) u CKOHIIEHTPHUPOBATh YCUJ/IHNA Bpadell Ha
obecrieueHNH AbIXaTe/IbHOM (PYyHKINY MTallieHTa B
KPUTUYECKOM COCTOSTHUHU. BCKOpe ele ogHUM
MIPOPBIBOM CTaJIO OTKPBITHE BA3KHON POJIU TIOJIO-
SKUTEJIbHOTO JIaBJIEHUsI B KOHIIE Bbioxa (ITJIKB) u
€r0 BJIUAHMNA Ha BBI)KMBAEMOCTBH ITAIIMMEHTOB. B
TedeHue nocjenyomux 60 jJer coenuaanucTel B
06J1aCTM MHTEHCHUBHOU Tepanmuu TNPUJIOKUIIN
0oJbIIIMEe YCUINA K pacmn@poBKe MeXaHU3MOB
HMCKYCCTBEHHOU BEeHTUJIAINU JIeTKUX. B pesysnbra-
Te ObLIM pa3dpaboTaHbl CTpaTeruu NpoBeeHus
HMCKYCCTBEHHOU BEHTUJISIIINM JIETKUX C MCIIOIH30-
BaHHEM HM3KHUX JbIXaTE€JIbHBIX O6'I)eMOB 1 BBICO-
Kux ypoBHeii ITJTKB.

lasren cuuras, 4To 00s13aTeILHBIM YCJIOBHEM
IJIsT OMEeHUsI cep/lla SIBJSETCS (PU3UUECKUN aKT
nbixaHusi. COMHEHHH B 9TOM HE BO3HUKAJIO B TE€Ye-
HUE TOCJIETYIONINX OJIyTOPA ThICSY JIeT. XOTs JaH-
Hasi Teopusi ObIJIa ONPOBEPTHYTA JOCTUKEHUSIMU
HayKH, JJIs1 TOTO YTOOBI siCHee BUAETH OyAyIIee,
HaM HYXHO OIINpPaTbCAd Ha OIIBIT ITPOIIJIOTO, «CTO-
ATH Ha IIJIeYaX TUraHToB». Eire lajen orMedalt, 4to
cepjilie U JleTKHe HaXOOATCS B 3aMKHYTOM IIPO-
CTpaHCTBe (TPYIHOMU IMOJOCTU) B HETIOCPENCTBEH-
HOU OJIM30CTH APYT OT Apyra U TECHO B3aUMOIEM-
CTBYIOT. Viest B3anMOeiCTBUSI MEKIY CepIleM U
JIETKMMU BO BpeEMA I/ICKYCCTBeHHOI‘/JI BEHTUJIATNN

JIETKUX TO)Ke He HOBa U IOJPOOHO U3yyaslach B

Introduction

When the Danish anesthesiologist Bjorn Ibsen
introduced positive pressure ventilation in 1952,
the history of medicine changed overnight. Provid-
ing a replacement of the respiratory muscles — in
the beginning by the hands of medical students and
later mechanically when ventilators were intro-
duced — led to the first Intensive Care Units (ICUs)
and for the first time to focus attention on the
lungs. The second dramatic breakthrough, the dis-
covery of the role of positive end-expiratory pres-
sure (PEEP) and its effects on survival, shortly fol-
lowed. Experts of intensive care medicine lavished
the most profound efforts over the following 60
years to understand ventilation pathophysiology.
Their work led to the definition of ventilation
strategies including low tidal volumes and high lev-
els of PEEP.

Galen’s belief that the physical act of breathing
was required for the heart to beat was considered
the truth for over fifteen centuries. Although scien-
tific progress disproved the theory, we should still
try standing on the shoulders of giants to see fur-
ther. As Galen noted, heart and lungs share the same
close, restricted space — the thoracic cavity — and
as such the two systems interact. Of course, the con-
cept is not new: heart-lung interactions during me-
chanical ventilation have been studied in details
over the last century and all the pathophysiology
that lies beneath belongs to the cultural baggage of
most medical professionals around the world. Nev-
ertheless, sometimes we tend to forget it. When pe-
ripheral saturation drops on the monitor, it is not
uncommon in everyday practice to raise the PEEP,
forgetting the effects that this gesture might entail
on the heart and the circulatory system.

Large randomized trials investigating the use
of high PEEP have recently been published. In spite
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Te4YeHue IIpefbIIylIero CTOJIETHS, a OTKPBIThIC
OCHOBHBIE MEXaHU3MBbI TAKOTO B3aUMOJeHCTBUSA
ysKe MPUHALJIeKaT K KJIaCCUYeCKOMY MEIUIIH-
CKOMY KYJIBTYPHOMY HacCJI€OUI0O BO BCEM MHUpE.
Hecwmotpst Ha 3T0, MHOTIA MBI 06 3TOM 3a0BIBaEM.
Korpa Ha MOHUTOpE TaiaeT caryparus nepudepu-
4YeCKOI KpPOBU, B IOBCEJHEBHON IIPAKTUKE HepeJ-
KO HauyMHAaIOT noBbiiarh I[1JIKB, 3abbiBast 0 BO3-
MOSKHBIX ITI0CJIEJICTBUSAX JJIs1 CEPIIeYHO-COCYAUCTON
CHCTEMBI.

HenaBHO omyO/IMKOBaHBI PE3YIBTAThI KPYII-
HBIX PaHJOMU3MPOBAHHBIX HCCJIEJOBAHUUI IO
ornieHke addexTuBHocTu Bhicokoro [TJIKB. Bce
9THU MCCJIeJ0BaHM s, BKJIIOYaBIINeE Pa3Hble KJINHU-
4YeCKHe CUTyalluu U pa3sHOPONHYIO MONIYJIALNIO
MIallMeHTOB, CBUAETEJIbCTBOBAJIHU B 10JIb3y CKOpee
HebaronpuATHOTO 3 pexTa nmopwierust [TIKB.

B uccinenmosannu PROBESE [1] cpaBHUBa/M
apdexktuBHOCTL OBBIeHUs [TIKB (12 cm Bof.
CT.) ¥ MAaHEBPOB aJIbBEOJIIDHOTO PEKPYTMEHTa
(MoOMIM3anus aabBeO0JI) ¢ 60Jiee HU3KUM YpPOB-
HeM I[TJIKB (4 cM Bop. CT.) y O0JTBHBIX O5KUPEHUEM,
HaXOSAINXCS 0] OOIITM HapKO30M. XOTsI OCHOB-
HOM I1eJThI0 MCCJIeJOBAHUSA OBIJIO M3YUEHHeE JIET0Y-
HBIX OCJIO’KHEHUH, oOparaeT Ha ce0s1 BHUMaHNE
TOT (pAKT, YTO YACTOTA CIyIa€eB TUIIOTEH3UH U Opa-
IVKapaIiv ObLIa TOYTH B 2 pa3a 0oJIbIIIe B TPYIIIIE,
roJty4aBIei 6osee BbICOKUH ypoBeHb [TJKB. B
rpymme ¢ 6osee BoicoknM [TJIKB HabM00a/I0CH
TakXe yBeJuYeHue cMmepTHocTu Ha 240% 1o
cpaBHeHHUIO ¢ rpynnoi ¢ Huskum ITJIKB (12 u3 989
B CpaBHeHHHU C 5 u3 987). ITO HEyIUBUTEJBHO,
IIOCKOJIBKY BaskHelilllee uccaenopanue POISE-2
ysKe IIPOJEeMOHCTPUPOBAJIO HE3aBUCUMYIO IIpH-
MYIO KOPpeJIAUIO THIIOTeH3UU BO BpeMsI XUPYp-
TUYeCKOr0 BMelareJabCTBa C PUCKOM CMepTH [2].

Kpome TOro, B HejaBHeM HCCJIELOBAHUU
RELAX [3] m3yuasnach 9(p(peKTUBHOCTh PA3JITNYHbBIX
yposrei [IJKB y nanmmertoB OPUT 6e3 ocTporo
pecnimparopHoro nucrtpecc-cuaapoma (OPIC).
Ha6Jsromanock pasiamyre ypoBHS CMEPTHOCTH
MesRIy TpynmnaMu ¢ 60Jiee BHICOKUM U DoJjiee HI3-
kuM ypoBHeM IIJIKB (207/493 nporus 183/476,
COOTBETCTBEHHO), XOTS 9TO Pa3Jnyue U He OBIIO0
CTaTACTAYECKU 3HAYUMBIM.

HeoxnpanHele pes3ysbsrarbl  HCCJIEIOBAaHUA
«Alveolar Recruitment for ARDS Trial» (ART) — «Mo0mu-
Jusanysa ajbseos npu maydeHnu OPIC» [4] —
IIOCTAaBUJIM I10]] COMHEHME UCII0JIb30BAHNE BBICO-
koro [TJIKB gasxe y nanmenTos ¢ OPJIC, y KOTOpBIX
aTa cTpaTrerus B TeYeHHE MHOTUX JIeT CYATaNIach
KJII0YEBBIM 3JIEMEHTOM ONTHUMAaJIbHOU CTpaTeruu
KJIMHUYECKOTro BeneHus. VccaenoBanue, B KOTO-
poM mpuHAAU yyactre 6osee 1000 mamueHTOB,
I10Ka3aJ10, YTO MaHEBPHI aJIbBEOJIAPHOIO PEKPY-
THUHIa BMecTe ¢ BbICOKUM ypoBHeM II/IKB yBe-
JAYUBAIOT CMEePTHOCTH (277/501 ipotus 251/509,
p=0,041), U BBEI3BAJIO CEPHE3HYIO AUCKYCCUIO,
KOTOpas BEeIeTCs 10 CUX IIop.

of the different clinical settings, and the different
populations involved, all these trials row in the
same direction: high levels of PEEP are probably
harmful.

The PROBESE trial [1] compared higher level of
PEEP (12 cmH,0) and alveolar recruitment maneu-
vers with a lower level of PEEP (4 cmH,0) in obese
patients undergoing general anesthesia. While the
study focused its complete attention on pulmonary
complications, it is interesting to highlight how the
incidence of hypotension and bradycardia almost
doubled in the group receiving high levels of PEEP.
Mortality also saw a 240% increase in the high PEEP
group when compared to the low PEEP group
(12/989 vs 5/987). This last data should not come as
a surprise, as the milestone POISE-2 study already
demonstrated how hypotension during surgery in-
dependently correlates to mortality [2].

On the same note, the recent RELAXx trial [3]
studied the effects of different levels of PEEP in ICU
patients without acute respiratory distress syn-
drome (ARDS). Although not statistically signifi-
cant, mortality difference was increased in the high
PEEP group (207/493 vs 183/476).

The surprising findings of the Alveolar Re-
cruitment for ARDS Trial (ART) [4] questioned the
use of high PEEP even in ARDS patients, in whom
this strategy has been considered for years the cor-
nerstone of correct clinical management. The trial,
enrolling over 1000 patients, concluded that re-
cruitment maneuvers together with high PEEP in-
creased mortality (277/501 vs 251/509, P=0.041)
and triggered a major debate which is still open.

With the current coronavirus disease 2019
(COVID19) pandemic bringing to the intensive care
hundreds of thousands of patients with ARDS over
the last year, the discussion over the optimal PEEP
strategy is now hot. While randomized reports are
still lacking, some researchers are raising concerns
about the use of high PEEP in these patients [5].

The detrimental effects of high PEEP on the
heart affect mostly (but not only) the right ventricle,
in a complex interaction in which the right ventricle
surely benefits of improved oxygenation but may
suffer acute cor pulmunale. It looks evident that,
even in the operative room, we must closely con-
sider cardiac function when planning our ventila-
tion strategy. This is especially true in patients suf-
fering a known heart disease, but it cannot be
limited to them: Turkbey et al. reported how in a
large population of patients who were free from
clinical cardiovascular disease, myocardial scars
were detected in 8% of subjects at 10-years follow-
up [6]. Also, subclinical right ventricular dysfunc-
tion has been previously associated with obesity,
putting this population at increased risk when un-
dergoing positive pressure ventilation.

Right ventricle has often been defined as «the
forgotten chamber», as its role in the circulatory
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B cBasu ¢ Tekymieil nangemueii COVID-19,
COIPOBOSK/IAIOIIENCS TOCOUTAIN3AIIUEeN B peaH-
MallMOHHBbIE OTAEJIEHUS COTEeH ThICSY ITallMeHTOB
¢ OPJIC, nuckyccusi 00 ONTUMATbHOM CTpaTeruu
[T/TKB crana ere OoJsee akTya bHOU. XOTs paHio-
MM3UPOBAHHBIX UCCJIEOBAaHNU BCe ellle He10CTa-
TOYHO, HEKOTOPbI€ y4YeHble BBICKA3bIBAIOT OIlace-
HW$I 10 IOBOAY UCII0JIb30BaHM I BBICOKOI'O YPOBHSA
[TIKB y Takux nmanueHTos [5].

Heb6J/aronpusTHOe BO3JEUCTBUE BHICOKOTO
ypoBH:A IT[IKB Ha MUOKapz BEIPaskaeTcsa B OCHOB-
HOM (HO He TOJIBKO) BO BJIMSIHUM Ha (PYHKLIMIO IIpa-
BOT'O JKeJIyJ04YKa, IIOCKOJIBbKY, HECMOTPs Ha HECO-
MHEHHOE  yJIy4lIeHHWe €ero OKCUIeHalWuu,
MOBBIIIAETCS PUCK PA3BUTUSA OCTPOTO JIETOYHOTO
cepaua. O4eBUIHO, YTO Ja’Ke B YCIOBUAX olepa-
IIMOHHOM TIpW IUIaHMpPOBaHuUM crTpareruu KBJI
cllelyeT yaesasiTb 0coO0oe BHUMaHUE (QYHKIIUHN
MHOKap/a. ITo 0COOEHHO aKTyaIbHO JIJIs ITareH-
TOB C 3a00JIeBAaHUSIMU Cep/illa B aHaMHe3e, KOTO-
ppIMH, BIIpodYeM, JesJ0 He orpaHnduBaetrcs. [lo
nmanabiM Turkbey u coaBr., mpu 10-s1eTHEM HAOJTIO-
JIeHNY B OOJIBINION TOMYJISANNU TTallieHTOB 0e3
KJIMHUYECKUX IIPOSIBJIEHUH CeplIeYHO-COCYIUCThIX
3aboJieBaHM pyOIIOBBIE M3MEHEHUSI MHUOKapAa
OB1TM 0OHAPYKEHBI B 8% cary4aes [6]. Kpome Toro,
paHee ObLIa TOKa3aHa CBA3b OKUPEHMUS C CYOKIH-
HUYECKOU TUCHYHKIMEH IPaBOro sKeJIyJOUKa, YTO
CBHUJIETEJIbCTBYET O IIOBBIIIECHUN PUCKA IIPU IPO-

BeJI€HNH BEHTUJ/IALNH C II0JIOKHUTEJIbHBIM TaBJIe-
HUEM Y JTaHHOU KaTeropuu nanrueHTOoB.

HpaBbe/'I JKeJIyoo4Y€eK 4acTo 06pa3H0 Ha3bI-
BaIOT «3a0bITOM KaMepoﬁ cepanar», IOCKOJIBRY €ro
PpOJIb B CHCTEME KpOBOO6paLHeHI/IH paHee HeaO-
oneHuBasiacb. OOHAKO B MOCJIeTHEE BpeMAa B
Hay‘IHOfI JuTeparype ObLIa IIpoBeJieHa IIePeOoleH-
Ka ero poJiv, B CBA3U C YeM Tellepb ,[LI/IC(i)YHKHI/IH
IIPaBoOTr0 JKeJyoodKa CUYUTAeTCA MOCTOBEPHBLIM
IIPEJUKTOPOM CMEPTHOCTHU BO MHOTHX CUTyaIllAAX.

COVID-19 cam 1o cebe MOKeT BbI3BaTh IYC-
(bYHKI_II/IIO IIPaBoOro KeJIyqjouKa C y4eToM croco0-
HOCTHU BBI3bIBATH TpOM603M6OJ‘II/IIO JIETOYHON
apTepuu, IMMOBBIIIEHUA JIETOYHOT'O COIIPOTHUBJIE-
Hus Bcaencteue OPIIC u OTpUIATE/JIbHOI'O MHOT-
pOImHOrOo 3(1)(beKTa OUTOKHNHOBBIX 6ypb. Y6e;u/1-
TeJbHO OOKa3aHO, 4YTO ,ILI/IC(l)YHKHI/IH ImpaBoro
JKeJIyoo4YKa ABJIAETCA MOIIHBIM IIPEIUKTOPOM
60Jiee BHICOKOH CMEpTHOCTH [7] Yy DanueHToB C
COVID-19. Xorsas HeoOXOOMMOCTH BBICOKOIO
yposHsA [I/IKB nipu OPJIC ysxe aBHO He oasep-
raercad COMHEHHIO, IToCJjieJHEe NaHHbIEe CBHUE-
JIureparypa/References
1.  Writing Committee for the PROBESE Collaborative Group of the PRO-
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of the European Society of Anaesthesiology, Bluth T, Neto A.S., Schultz
M.J., Pelosi P, de Abreu M.G., Bobek 1., Canet J.C., Cinnella G., de Baer-
demaeker L., Gama de Abreu M., Gregoretti C., Hedenstierna G., T Hem-
mes S.N., Hiesmayr M., Hollmann M. W, Jaber S., Laffey J., Licker M.J.,
Markstaller K., Matot I, Mills G.H., Mulier ].P, Pelosi P, Putensen C., Ros-
saint R., Schmitt J., Schultz M.J., Senturk M., Serpa Ne to A., Severgnini

P, Sprung]., Vidal Melo M.F, Wrigge H. Effect of Intraoperative High Po-
sitive End-Expiratory Pressure (PEEP) With Recruitment Maneuvers vs

system was previously overlooked. Recent litera-
ture, however, reevaluated its contribution and
right ventricular dysfunction is now a well-estab-
lished predictor of mortality in many settings.

COVID19 entails right ventricular dysfunction
due to the intrinsic characteristics of the disease,
including tendency to pulmonary embolisms, in-
creased pulmonary resistances due to ARDS and
negative inotropic effects of cytokine storms. Mat-
ters of fact, right ventricular dysfunction was
proven as a powerful predictor of higher mortal-
ity [7] in patients with COVID-19. While high PEEP
in ARDS has been a longstanding dogma, recent
findings suggest to use the utmost attention before
setting a high level of PEEP even in that setting, or
at least to carefully monitor right ventricular func-
tion during its use.

We should never, in any patient and at any
moment, allow mechanical ventilation to induce
hypotension or — worse — low cardiac output syn-
drome. The perfect management of ventilation
should be protective, atraumatic, tolerant with
moderate hypoxia and hypercapnia, noninvasive
(whenever possible) and synchronized.

Modern-era mechanical ventilation should
work towards a holistic approach, in which heart
and lungs are so intimately interconnected and
explicable that can only by referenced — and
treated — as a whole.

TeJbCTBYIOT O TOM, UTO J1a’Ke B TAKUX YCJIOBUAX
cJietyeT coOJTIONaTh MPeIeTbHYI0 OCTOPOSKHOCTD
IIpU yCTAaHOBKE BBICOKOTrO ypoBHA I1IKB niuy, o
KpaliHell Mepe, THIaTeJbHO KOHTPOJUPOBATh
(PYHKIIUIO TIPABOTO SKEJIYJOYKa BO BpeMsl ero
NpUMEHEHHUs.
Hu B KoeM ciiy4yae ¥ HU IIPU KaKUX YCJIOBUAX
He cJIeyeT TOIyCKaTh Pa3BUTUA TMIIOTEH3UU UJIH,
TeM 0OoJiee, CHHIpPOMAa HHU3KOTO CEpPJIeYHOr0
BBIOpOCa ITpY TPOBEJIEHNN NCKYCCTBEHHOW BEHTH -
JAIUA Jerkux. B mnease MBJI moJsiskHA OBITH
maaAIend, HeTpaBMaTUYHON, yCTOMYMBOM K yMe-
PEHHOU T'MIIOKCUY U TUNepKaATHUU, HEUHBA3UB-
HOU (IpX BO3MOSKHOCTH) U CHHXPOHU3UPOBAHHOM.
VCKyCCTBEHHYI0O BEHTUJIALMIO JIETKUX B
COBPEMEHHBIX YCJIOBUAX CJAEAyeT IPOBOAUTH B
paMkax 1eJIOCTHOI'O IOAX0/4a, B COOTBETCTBUU C
KOTOPBIM Cephlle U JerKue HaCTOJBKO TECHO
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