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Ventilator-induced lung injury and mechanical power

YANG Qian, LIANG Lu

( Affiliated Hospital of Hebei University, Baoding 071000, China)

Abstract : Acute respiratory distress syndrome is one of the most common diseases in ICU with a mortality rate of
46%. Mechanical ventilation as a key supporting treatment is helpful to improve the oxygenation of the affected
lung. Improper setting of ventilator parameters or overexertion of spontaneous breathing may increase the risk of
ventilator-induced lung injury, accelerate the deterioration of the disease, and increase the fatality rate. In recent
years, research on ventilator-induced lung injury has been conducted, and the currently recognized classical mech-
anisms include barotrauma, volume injury, shear injury, and biological injury. Researchers have tried to quantify
or even quantify the factors that contribute to lung injury. Until 2016, Gattinoni et al. proposed the concept of
calculating mechanical power and calculation formula for the first time in combination with the respiratory motion
equation, bringing new research direction for quantifying lung injury. How to combine the concept of mechanical
power to develop the best lung protection ventilation strategy has once again become a research hotspot. The re-

search on mechanical power is still in the initial stage. Now, the optimal ventilation mode and lung protection
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strategy will be analyzed from the derivation process of mechanical power equation and the influence of various
load factors on mechanical power.
Key words: acute respiratory distress syndrome; mechanical ventilation; ventilator-induced lung injury; me-

chanical power; lung protection ventilation strategy

LV F 0 255 E  (acute respiratory distress syndrome, ARDS) J& ICU Hf s WK Z —, 24
i7 ICU B 10%, JPERE Ik 46% ", HLMGE S (mechanical ventilation, MV) {ER—EX &I, BE
J& ARDS BBETRYFHER OCHER) — I8, HORIE R IFIMALAE M4 (ventilator-induced lung injury, VILI)
MIOCSRIA 2R, A PFIR ML HOR BN 2 ml F A %5 0 b sk 35 AT RE S I VILL XURS: , s 48 4k, 38
AL BT VILLBFEARWIR A, IR <SRG 8 <207 Mk, mE «<mJi/
NAR” R, F TR T 3 B S SO [R) A e A N RS ke < By I, A ik
AR, ARTTREIOCR B R IE B 7, Sl M, HEfERZERIIe, R <A™, H VIL
MBS SC T AR AE TR Y “ SR PE” AR, il (tidal volume, TV) | FFSCKIEHM (positive
end expiratory pressure, PEEP) P& (P ). W& (AP) U WiZm T “sh&Bm " %
A5 GAPEIARR  (respiratory rate, RR) ., “CiEBH S (airway resistance, R, ). Wi (flow, F) 207
HEVEMSECT, PEALER R ) AR TV Bt R, nr LR s Al i i i e, Bk Fax —3ig,
2016 4§ Gattinoni 55" 2545 WFIRAZ 3h 7 B o R B2t WLAR REARE A& BT 3 A 3K, T4, Cressoni %1% 7EXF K
A MLAIGE 3230 i I IE T S SO 03 9 &, 8 O Re B3, JSRR MHLAGAE (mechanical
power, MP), ITAFE, KEHFFEE TS LI, MP ol UGS RS FAG VILL KU, 8 SIGRIGIT . POk
A MP 5 FE A HE SRR A4S 67 g PR R X MP 52 0 ELAAR A48 MP X VILT 5200

1 MP FRERHES

W R, AR S /R 6 R 35 B0 PEEP” (R iR 3P Ml AW 7 — B B EBRAR T VILI
RAEF 5 ARDS BE AR, BHETA MR A& (low tidal volume, LTV) & 6 mL/kg, {Hfx
PiAi) PEEP FVEFE S EBIEE CE R ., 2016 4E, Prowi 52 XA li2l 210 A T30 4L 54 h W@ S S5
AT MP BI{E K2 12 J/min, FF51A TR 0N 1/ 0 A8 B S TRAL MV X il B 28 (B
FAS) FIRER AU ARE I, —T0fdE 787 i) ARDS U M mIBMEMF I &3, MP KT 12 J/minf) B
AR ET e TR AT B R B, MP T 12 J/min BF, MP 9FFE 5 VILL & A4 5 EAH
Ko HTHREREINIEMOIE S HEN, HfES e A B4k, Bk, PPRAL™ A A #ae e ik
FNHAN, PPAEXTHUAS R ABH IR shhe, SORMALULEIEA (NAE), JFRE0, Bk VILL, W
U, BIALILEsh2ERE, BA AT HR MP AO7E A REE, A8 A0 T4 B LA K 3 R34 B e 78 T S 301
PR o AN SRS il S T A LA A 2 MP R, WA & (RBMP KT EIfE) wRgs ™k
KA, Cressoni 45" B S SLIABIESE T 3X —HiE
1.1 ZahFH#

WLz gy =2 et py, e AP AR, M. P = EL, - AV + R, - F +
PEEP, $zsh 5 FE N =098, (1) EL_ - AV=AP, %02l Tk w46 1770, i

P

.—PEEP X
INFISE B Sy, WEASEE S, Hr ELgWT (HInEng R Seide) , P, ~PEEP=AP, i)



556 BB 5 HF %37 %

PIEH T, P AETEME; (2) R, - F =P, —P., ZOEEH TS AR, WM

plat

P ‘k_P lat — N . \
Ji, Hrp &s%; (3) PEEP, TBAGSEHT L, [HRTIEMIIELK S, 2 AV FIF (B

=EN
AR, R, ONUERLY, P N AGEEE, P CAERIE, F O, AP MIKENE,
2 BRERNEE

EAAT R, ZEEUDIURE TR ARG RERE (AUIEFRALE SE), B8 TV B Thie
K& (functional residual capacity, FRC) Mg sefIRAGAEE . MP AR 5T BEA 250], Bk, ik
HAER MP SE TR (T,,) 5 TV RS (ZFMRG), BE-H8 (P-V) MLz T
HAL (area under curve, AUC)[%: o NT TR, Bl P-V th 24tk R, M EFRAE E ¥ TaR N
ezl (B FRC 2 TLC, RAIP s fm i siZml) . o RIHE I BRI s, ¥issh i)
AV - AV - EL_

FeLL AV 721k, B B RIPIE A BE R, E,,.. = )

+AV + R, + F+AV - PEEP, W E, ., =

ELTS Raw Y — N N A 60
(AV)? (7> +T +AV - PEEP, i T# T, #7RHA RR SRS (1: E) By, 150 Ti,,sp=ﬁ .
I:E EL_ RR- (1+I:E) -R
WE,. .= (AV)? - “+
1+I:E’ )J breath ( ) ( 2 60'IE
EL. RR- (I+I:E) -R
2 60-1:F

nsp

=) +AV - PEEP; F J/min #75 MP A Power,, =

0.098 - RR - | (AV)* - ( ™Y +AV - PEEP |,

2 HMBESSHX MP K0

Wi MP R R 53R 3 J - TIRIR . 56— s IR R 48 # A B Il o, S g 0 4
TSR, SCARBIARFFTREA MP, RBISh EL,_ . AP FI TV BIBCAS; 58 3500 N sa IRIEIR 22 42 sh A5 BH ) fr
g, B R F B9 45 =304 J eIk PEEP R0, B gl 3 PEEP B92Cs, 1ok, I
WA, RR AR DU AS B 40T, 1T LABRAR A N AR A (BRI AR R WnEr Tk, VILL B
Gy RNPERAYRZR, —For RS B IR AZ I MP SRR (RIS MP BR/N) 55— 03 R Il e mti i) 4544,
FRF Al Sy B 25, an i SR | A . PR D | I X 358 B RS 5K A DX 3 A S P R R 2R
ARSCH SIS MP X VILL B5EmR 2, Bl )N RS,

2.1 "RAEEASEA

MP J7 8 05— o0 2 s MR A e A5 BEL ) T80 T, A BEL D) SRR Sl b BE g, G 95 it i 1 R iy
JERSAERE T, RO A SO s B T B RN (R L), 38 B R Sk R R, BRI Sy i85 il s/ Jidi
B, RS, A mEai i, & ZE MR R (BD S I RbREK) , HIE#
PRI, Feh4E 1, MP &/, Proti 1810 51 TRE Jy24 i 1/ A8 FHE&SKk 43 Hr MP, filik Sl VILI
FEAFEP IS BNAE (SAMESNAR) FEMAEBIREIN (WSEET)) WEEEfim (AR
), JEEMA MP, BN (ZhASMEE) X E I R, Ry AP (P, -PEEP)
PEEP fRLEFT; XFR A SN AR & TV+ PEEP S Z5 R, a8 AE & W TV 78 FRC L5 AR AEk
i, SN A EH PEEP 7E FRC B EMARA bR, SRemffsr (BI MP) JZH PEEP 5EMHHASGE
R (M LA TAGE) AT AP SIEMIFIRIEIRGE R (BEE LR T3hhe), & X hRE
el T PEEP B9 TV B9RER:, RISMFEHR AP Friid T, -0 MP,



%5 6 4] AR PRGN EPS e R RSN 2020 4

TV M P, OBOTRPEIE R, 2955 TR ) 20 mIVE B AS MR h i A8y, —FZ B G N
3 = BGOSR > vy A2 (Y pRAROC R o R, B R 43432 3 AN IR R 43 I BEAT 20 B, G (B
JE. AP) . & (RITV) | WiEARYE (B EL,), Hh PEEP 7855 =314,
2.1 1 WP RGN PEXT MP () 50

R (compilance, C) JEFEHPEHLLES IERT KA BT OMES FREE, N5tk (elastance, E)
B, RPN, RO (4 DR/ IN vl FH B 385 B T A8 AR T 5 RS 1) e N R AR A8 26 7R - (B C=AV/AP)
Itz P-v gk, SR, AR i A e, ZFVEH NN RS (RERER), H P-V il
LRIERMER R, I EAE FRC % TCL YRR sh, SR m st At RN 5 64 SR #4249 40. 1 1/ emH, 0
WFoE 2 B, ARDS HEIIFIR RGN M 5 FRC SEERMEARDG, il 2, 7EAR R < it HI PEEP 1
GUT, FRC MU, #SNAE (FRC+PEEP 295 ) GBI, i A 25 HLAY MP i/, VILL i A A R
Mo/, BRI b, R B R AR 5 R T RE R W MP, YL YRR, BT P-V 2R A e A4 A
RS FRAE T S S B et pR TR PR ARG, T AR A MP R RARAL . AH S, YRS TR SR B
W, HAHAFAE FRC BT, o TR PEREAR, WTHEE R 0 MP Rl (EJ2, 62048 i iy,
XIS G EY SRR K SIRNRG) TR DR A, s AN —M3g e, A2
T ST, P AR AN, AEUAS [] X34 7 AR [ A I L 2 000 4 5300 MP R g 3, S 8O3, oF
FERB, IRAERAE 10% ~20%, RIRES|HE MP (3HAEAEME 5% ~ 10% (B hnsk>) . WAL L P-V
HHZR AR P-V XF, B T4 Rl A B R S BN ek s, WIRTRE L EE MP At BE sl flRAl . Rk, R
2B I S O PR A, S SRR IR LS, sl B 0 MP XSRS, AR VILL B
2.1.2 TV X} MP [#5£0H

ZE4y Prowti T+ TR Jy2#HE, Ml 28 BV M B0 ST OS5, XL AY LR AR 2 TV + PEEP 287,
Dreyfuss % @1 AR 258 OB, RAIRHGE AR (FEFIRRAT ) DAJAIRE & ol (A2 Ha i R <
i) XM R T B, BRI T, ARSI 00 PR S i 0, i e i A<
Hife, Wik, B VILDHBEENFZER TV mAEE ), SRIIAT “MiEfB0 sa, [,
ARMA SEEZE RS LB, il o SRS AL, PERI N T 10% (12 mL/kg vs. 6 mL/kg FRifE
PRITEE) o b, YRR AR PR R B (RO ), IR AR TR S R DA 35 B
B2 SEURSTRGEERE N, h T AR AR TR, BRI R 20 MP, B, R
AT, B BT, X T A, XK S EUIT R R MP B0, OB,
X AT BEFR MRS TAEWFSY VILL B R T SRS 2 A il 5 S P A >
2.1.3 AP X MP AY5£00H

FAAE 1973 4F, Kumar 457 i g ARDS & 1 IPPV #XB6A PEEP UG PEEP 41, IliZ\F&
BB RAR MBS, BRSIAT “SEG” MR, KA, Webb Ml Tierney' ™ UE W 38 < AT LA
SRR, B BT ARBIRA, SR MEEE DA H IS0, HERE R0 R S = E 0
ToEE ., HHET, ANAPUEGE IR e Vr i SGE T BIE R 30 emH, 0, HFARRIAMKRI 25, W hE
SHEER R EREEA R HIUEIERG) i —a B B R s (RECVILD . R4 VILL B4
FHALH, 51 VILL PR3Nt fn 2 0 s 09 e 0y, 2R FH RIS ) (BDES It ) o PRk,
7 I (L7 2 2 5 i P B (LA, T A SR P T R ) A, AR 2 R B, ) — AN A A3 R ) R s
Jifi He 2 [E] 2 PR B R PE DG R, SRR M O R 55 Tl s vk S IF I R g M b U (E/E,), AH
HOERBIER 0.7, IEHEN 0.2~0.8, Ak, Z5E R RN AR ML, —ir2e g it AP BB il
VB Bl R AR B B8 AF 45 I A B BRALAR > S b IR TAE TP R Y AP — N <GB IR 3)



556 BB 5 HF %37 %

&, RIS 2 o B NG ok A0 T e A5 MR, I AS BB AN S R W FLSE BB IR B R, R, A2 2 0h,
4 B5 M IR Sl AR M PEA, VILL rTRE S INdERS (38 N RAI ) . 7E—I4 & 35 621 fi] ARDS &5 i BEAL
SHIRSEEG Y R B, AP RAEFERMINIERF R, B SRR IEMX, P, 0 PEEP Jo78 i 3
IAEXS TRERE AP B4y P Fhe, FE SR MP BT, VILL R A RS TE R, WseRdatin, —
TiEF X 42-H ARDS AR5 Y B0, MP (AEIKZhJ1) 2 VILI B i N &R, EREHET,
Hahn PEEP &, 3R3hAE (APxRR) FEMLTH:—BI{ER (100 J/min), S5RE. Mg, bk RNE
20 A3 LA B R e it 6 35 5 R a3 A O (4 2 Wb i B N T 1 3 AR OGP, R i e PEEP KR,
KB BEA RN, M2 VILT KBS 3,
2.2 wRAH AR —R, M F BTN

MP 7 B EE 3o v IR A S AR B el o, B S48 shAI DG fE i, N B Rk, 2540k
BETRE, Y aiE RS TSR, WK, PR RSN T A%, 7E I ERARIR
BT, PPRRG SR MP A va i P ISt ml AHRAR R e MP A SR ARER SR I GE Bl
oA, WX MP BTG, SR, B2 d R, ZiE 2 H R T, SR TN A BRI
VILI ZANES, KL, K se RAsiZ 1530 R, T F 2 FFHEXT MP 5200
2.2.1 R, Xt MP #5200

R, 28 SRR 20T B B SRS Z RVRVSAR 43 5 A8 RE 22 (R) EE 482 7= A= W BHL g, o i s B
[ 80% ~90% 7" , B RERYEE Ao, SR SHAS B e oy, MUBGE SR, JCIS R IE AR
WIS IR ST A B Sy, FOARBE T B fik ) MP e fb o dige, oFoEY LB, RS e AU R
SAEW, WS BEE I Z S R ST N S B, X IR AR AR R (JUJE ARDS ) %
B2 2 T [ =S R 0 B S g R R (2R B o€ [ M QR =K i I N i B T R Y
FRAE AN —PERG i, 300 F AR S MP B8, FLasx — 1 A MR 484 o st oo A 0
2, MBS 2 B GE R IS BT AR 2 P LA R 2R m s, HLEIE 2, X VILD &4 Ak
FAATTZM, W, FHR—Fal i A s i, IS AL B0Im R I o B2 s 3 il B =X
T, EEENBGEASE, AEA P 5 P S E RSB R, , K MP 7R &L MP =0. 098 -
P..- (P,.-PEEP,)
TV - RR -
R,
2.2.2 F X} MP (500

TCiE S SRR JE S0 B O U, MLGE IR, F A R R 2, SEPR b, F oAl
PABEIA A 2 205 7 W AR E ASE B AR, WA aA , S S (oL B A Tk o A, 7 AR SR g
AT N A B s, R, AILBRGE ST, MP 50 AR R IE LY, I R 2 T T i S T
P Milic-Emilit * B IHFR BB PG (I8 O8I A S 5 Hh A Al o ) o oy W A< 300 58 4 T T )
(1784 ), 2 BT AR 6 kBl o I R A8 3 R i AS 25— P T B n RV X R RS2 1 % il 52 5 £ FH AL
il Bt B Ak, RS0 AR 25 B S M B R HA — 2 A B BRIk, 45 7 118 s g 725 75 5 30
Wi, MBS TR R AR, ANERE, JERRER e A A FE IR B, HIs e, F &R
e feAE S 2 VILL Ay R R HESE
2.3 PEEP #t VILI 8§ %

MP 75 PR =353 /2 PEEP X VILI RS20, 1974 4E Webb F1 Tierney™ 1 X W%<5] PEEP X T i
Bii VILL BR3P PEAE R . PEEP 5 VILI XU 2 U TBOCER, — 5 HE o PF IR 1E He 77 248 1l 6 9 1 LLOsE

plat

> , IFESZ A A A SRE MRG0 MP Y, JRRE 00 g MP 17 FH 201 PR 92




%5 6 4] AR PRGN EPS e R RSN 2020 4

/Ui 5 B2 A T S0 B 22 B 4 A B e — e S AR, 55— 1Tk i () PEEP 80 1 Bl i B2 47k LA
MU B F1F AR E R 4 — 2 B PEEP 7] LA 8y U045 . 4R — e iR mak 11, ek
A i A T (B R R BOEIK R PEEP (4ERE 28 ~30 emH,0) FE—EFEE BT
SR B FR VRS, (EIFAREREZ B st 3, KBILOK, LTV/LP |+ B1 PEEP BCA i {4
P A R, (HE T AR PEEP B A7 AE il BFgE > &3, ARDS M Mligl4]
()] S etk RIS PR e 1 i B B Bl A8 RS 52 PEEP YBOE . kWL, PEEP 1E VILL B3
WA 220, JE b, fE MP i, IR % PEEP, [Hl, PEEP =P, ., EICEIEILLK T,
AEHEBHHTHK, &2 AV M F ETEN IR R GRS, (HEHE AP PAERNELG 6.
WAREMIFSRES (& PEEP) MACEIFIRRY, MmO, ik sioe i kK, il
T ARR R, FRBET Z L IC PEEP I8 & 0 26 S RE &, MM AT BB 51 R4 40 1 MP (e, &
I, RIS I PEEP ASEiE 53 SAHCHIE A BRI T A, (R AR AE S IR T 3% 3P IR R G2 19 g Ik
T, BJ&, PEEP MUIRXFIMEHZH 6 20 WRAALENTEYE PEEP B, S5 2 5o llR T 2 1Y Ag 2 fff
Ak (TR RERCA N TV B P JELLM PEEP 55 P 54 1. B2, PEEP RIRIHEN, E2
SECVILL UG R ER, BT 23860 MP STRREIRARD G HE 03, DL AR 8 35 v R4

2.4 RR #f VILI 89 %

MP J7 R B2 P4 RR X VILT (520, R4S LTV AT Il A 338 SR i A3 2017 B9IATT
{EJEEIMRAIETE RR MRS, RZHBFoE % LB, BMiAE LTV G50 F, RROBUS, Al & ™ &,
Vaporize 5 i3 %t 4 KA T AFEE RR ATV (RR,TV,,. RR,,TV, . RR,,TVs. RR,,TV,,) 4
AIATHMGEE R (HABSEPEEP A 1 emH,0, FiO, A 1, FFZEWFE 120 min) B, & BLICIE e i
WEEIFRIA | IL-6 M ZU= 10, RR 50TV . RR TV o #0525 T HANSE IR 20 (fu4E 25 I IR
), G570 UE B 8 SR VILD (4 52 35 e 8 i . Retamal 2507 3 3 %o £l 2 4 1) 52 560
d, WL T AT S S K R T TGR-B AR MI I, [RE, Cressoni ALY/ INA"S 7 X
3 WA HLGR LI Th i R B, DL 1S IR/ TV SRSy, LA 3. 6, 9 /4319 TV i@
WAEE, WIEZMIF /N, 12 2016 4Fil it X 9 NEIEPESC I IESS T MP B9, JFiT5
M RR M 15 /400, 11 122 mL/kg B9 TV 23500 7= AAR T A T B RS MP, 30K MP A BB A 2 K
2512 J/min, & T MP BE A8 L VILL, AR T B B 9008 WA B il — T 00 T TR B B o)
Hh-EE B ARDS B3 MP SZma i [ BRI R, DR E AR E Y RR FRf, WL Mp, H
FERF FEFRRE T, MP 5 RR, Bl AZAE L IR A 3G, 5 000 1 5 S A OG I BFE 7E B R
WESE, W ARDS BOE EHUAIE AW A B 0 RR 23l 3 im MP i 250 VILL, DI 38 i 58
R, UREEBEER T W MP WS HFIEAG ARDS BE TS .

3 3ARW E = —AhE A

TR MP X VILT 200, 200 1Bl AEFLAR IR 3R o (R LA IE O A2 5 — AL 2 0 8 ¢ 1)
W, ERRERLBRITW RGP, BB ERI NSRS, F MP ARG MP BIfE ( FATZ
K12 J/min) , 2 VILL AR, MUEMRAIRE | IS URIE, TRJIHETE | e i 5 B AN 5K ) X300 A1
(BLAYI—o3Ai) X MP SECVILL ZAE A PMEME A . EARKHE B MP f3H A0, BRI
ZEME AR Z AL, HX TR AL BT, B B2 LB RN R, MP AR e —E 12
FER s A . BRI, MP A RAUE R VILL & AR XU A, TFASE S — s 1 i R 4 s v B



556 BB 5 HF %37 %

IERBPR R PTAAT
4 RE

M2, ANFEFEHILSEAS (BMP) & TH—BER, 307 VILL LA, Wik, S&id MP il fg
AT X VILL 0F5E, FF R 8 MP AR o] 23 ik i 98 0 0 2 AR VILL & AR R KU, SR, 1F 5
MP £ BEIFRALSE, XA MREA WS IS, FoA LSS TN EE SR B, Bk H Al
Xt MP WA AE— T, (H MP MES A HE Y, 0 G b At (e A LA 2 A 0 B 7 5 M o L
SEAHVCHD , I 28l e AR I AR M PG 0 ZEARR, PRICHIL N A AR TT 30 R e L I ML B
% 5 7R L TP 2R G000 MP, H5 B I R & A= A Il R S 50% e, DMER R A 1 MP, SEBL B 3L
iRk, KA, (LEET,

[1] THOMPSON B T, CHAMBERS R C, LIU K D. Acute respiratory distress syndrome[ J]. N Engl J Med, 2017, 377(6) :
562-572. DOI: 10.1056/nejmral608077.

[2] CRUZF F, BALL L, ROCCO P R M, et al. Ventilator-induced lung injury during controlled ventilation in patients with a-
cute respiratory distress syndrome ; less is probably better[ J]. Expert Rev Respir Med, 2018, 12(5): 403-414. DOI; 10.
1080/17476348.2018.1457954.

[3] KUMAR A, PONTOPPIDAN H, FALKE K J, et al. Pulmonary barotrauma during mechanical ventilation[ J]. Crit Care
Med, 1973, 1(4): 181-186. DOI. 10.1097/00003246-197307000-00001.

[4] DREYFUSS D, SOLER P, BASSET G, et al. High inflation pressure pulmonary edema: respective effects of high airway
pressure, high tidal volume, and positive end-expiratory pressure[ J]. Am Rev Respir Dis, 1988, 137(5): 1159-1164.
DOI: 10.1164/ajrcem/137.5.1159.

[5] GATTINONI L, TONETTI T, CRESSONI M, et al. Ventilator-related causes of lung injury: the mechanical power[J]. In-
tensive Care Med, 2016, 42(10) . 1567-1575. DOI. 10.1007/s00134-016-4505-2.

[6] PROTTI A, MARAFFI T, MILESI M, et al. Role of strain rate in the pathogenesis of ventilator-induced lung edema[ J].
Crit Care Med, 2016, 44(9) . e838-e845. DOI: 10.1097/¢ecm.0000000000001718.

[7] AMATO M B P, BARBAS C SV, MEDEIROS D M, et al. Effect of a protective-ventilation strategy on mortality in the acute
respiratory distress syndrome[J]. N Engl J] Med, 1998, 338(6) ; 347-354. DOIL; 10.1056/1ejm199802053380602.

[8] CRESSONI M, GOTTI M, CHIURAZZI C, et al. Mechanical power and development of ventilator-induced lung injury[ J].
Anesthesiology, 2016, 124(5); 1100-1108. DOI; 10.1097/aln.0000000000001056.

[9] SANTOSR S, MAIA L DE A , OLIVEIRA M V, et al. Biologic impact of mechanical power at high and low tidal volumes in
experimental mild acute respiratory distress syndrome[ J]. Anesthesiology, 2018, 128(6) : 1193-1206. DOI: 10.1097/aln.
0000000000002143.

[10] VASSALLI F, PASTICCI I, ROMITTI F, et al. Does Iso-mechanical power lead to Iso-lung damage? [J]. Anesthesiology,

2020, 132(5): 1126-1137. DOI; 10.1097/aln.0000000000003189.

[11] MORAES L, SILVA P L, THOMPSON A, et al. Impact of different tidal volume levels at low mechanical power on ventila-

tor-induced lung injury in rats[ J]. Front Physiol, 2018, 9. 318. DOI; 10.3389/fphys.2018.00318.

[12] GATTINONI L, TONETTI T, QUINTEL M. Intensive care medicine in 2050; ventilator-induced lung injury[ J]. Intensive

Care Med, 2018, 44(1) . 76-78. DOI. 10.1007/s00134-017-4770-8.
[13] VASQUES F, DUSCIO E, CIPULLI F, et al. Determinants and prevention ofventilator-induced lung injury[ J]. Crit Care
Clin, 2018, 34(3) : 343-356. DOI. 10.1016/j.ccc.2018.03.004.

— 20 —



%5 6 4] AR PRGN EPS e R RSN 2020 4

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[(29]

[30]

[31]

[32]

ZHAO Z Q, FRERICHS I, HE H W, et al. The calculation of mechanical power is not suitable for intra-patient monitoring
under pressure-controlled ventilation[ J]. Intensive Care Med, 2019, 45(5) ; 749-750. DOI; 10.1007/s500134-019-05536-x.
BROCHARD L, BERSTEN A. Mechanical power: a biomarker for the lung? [J]. Anesthesiology, 2019, 130(1): 9-
11. DOI. 10.1097/ALN.0000000000002505.

XIEY P, CAO LJ, QIAN Y, et al. Effect of deep sedation on mechanicalpower in moderate to severe acute respiratory dis-
tress syndrome; a prospective self-control study[ J]. Biomed Res Int, 2020, 2020; 1-8. DOI; 10.1155/2020/2729354.
DIANTI J, MATELSKI J, TISMINETZKY M, et al. Comparing the effects oftidal volume, driving pressure, and mechanical
power on mortality in trials of lung-protective mechanical ventilation[ J]. Respir Care, 2020; respcare. 07876. DOI; 10.
4187/ respcare.07876.

ARNAL J M, SAOLI M, GARNERO A. Airway and transpulmonary driving pressures and mechanical powers selected by
INTELLiVENT-ASV in passive, mechanically ventilated ICU patients[ J]. Heart Lung, 2020, 49(4) : 427-434. DOI. 10.
1016/j.hrtlng.2019.11.001.

BROWER R G, MATTHAY M A, et al. Ventilation with lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome[ J]. N Engl J Med, 2000, 342(18): 1301-1308. DOI: 10.
1056/nejm200005043431801.

PROTTI A, ANDREIS D T, MILESI M, et al. Lung anatomy, energy load, and ventilator-induced lung injury[ J]. Inten-
sive Care Med Exp, 2015, 3(1) . 34. DOI; 10.1186/s40635-015-0070-1.

GUERIN C, PAPAZIAN L, REIGNIER J, et al. Effect of driving pressure on mortality in ARDS patients during lung pro-
tective mechanical ventilation in two randomized controlled trials[ J]. Crit Care, 2016, 20. 384. DOI. 10.1186/s13054-
016-1556-2.

FULLER B M, PAGE D, STEPHENS R J, et al. Pulmonary mechanics andmortality in mechanically ventilated patients
without acute respiratory distress syndrome[ J]. Shock, 2018, 49(3) . 311-316. DOI. 10.1097/shk.0000000000000977.
TONETTI T, VASQUES F, RAPETTI F, et al. Driving pressure and mechanical power: new targets for VILI prevention[J].
Ann Transl Med, 2017, 5(14) . 286. DOI. 10.21037/atm.2017.07.08.

CHIUMELLO D, CARLESSO E, CADRINGHER P, et al. Lung stress and strain during mechanical ventilation for acute re-
spiratory distress syndrome[ J]. Am J Respir Crit Care Med, 2008, 178(4) : 346-355. DOI. 10.1164/rcem.200710-15890c.
INBME, R, tpHeastk, 55 HLAR D) 378 FIHLAR SCHE Il 8 05 i DR S AR [0 ] P AR 18 H 2R B2 27, 2019,
31(12) : 1549-1551. DOI: 10.3760/cma.j.issn.2095-4352.2019.12.025.

LhI R, LA ARRAE ML dbat. ARTEH NG, 2019: 154,

GATTINONI L, PESENTI A. The concept of “baby lung” [J]. Intensive Care Med, 2005, 31(6): 776-784. DOI. 10.
1007/500134-005-2627-z.

The Acute Respiratory Distress Syndrome Network. Ventilation with lower tidal volumes as compared with traditional tidal
volumes for acute lung injury and the acute respiratory distress syndrome[J]. N Engl J Med, 2000, 342(18): 1301-
1308. DOI: 10.1056/nejm200005043421801.

CRESSONI M, CHIURAZZI C, GOTTI M, et al. Lung inhomogeneities and time course of ventilator-induced mechanical
injuries[ J]. Anesthesiology, 2015, 123(3) : 618-627. DOI. 10.1097/aln.0000000000000727.

WEBB H H, TIERNEY D F. Experimental pulmonary edema due to intermittent positive pressure ventilation with high in-
flation pressures. Protection by positive end-expiratory pressure[ J]. Am Rev Respir Dis, 1974, 110(5): 556-565. DOI;
10.1164/arrd.1974.110.5.556.

CRESSONI M, CHIUMELLO D, ALGIERII, et al. Opening pressures and atelectrauma in acute respiratory distress syn-
drome[ J]. Intensive Care Med, 2017, 43(5): 603-611. DOI. 10.1007/s00134-017-4754-8.

CORTES-PUENTES G A, KEENAN J C, ADAMS A B, et al. Impact of chest wall modifications and lung injury on the cor-
respondence between airway and transpulmonary driving pressures[ J]. Crit Care Med, 2015, 43(8) ; €287-¢295. DOI; 10.



556 BB 5 HF %37 %

[33]

[34]

[35]

[36]

[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

1097/ ¢em.0000000000001036.

PROTTI A, ANDREIS D T, MONTI M, et al. Lung stress and strain duringmechanical ventilation[ J]. Crit Care Med,
2013, 41(4): 1046-1055. DOI; 10.1097/ccm.0b013e31827417a6.

AMOTO M B, MEADE M O, SLUTSKY A S, et al. Driving pressure and survival in the acute respiratory distress syn-
drome[ J]. N Engl J Med, 2015, 372(8) . 747-755. DOI; 10.1056/nejmsal1410639.

ROCCO P R M, SILVA P L, SAMARY C S, et al. Elastic power but not driving power is the key promoter of ventilator-in-
duced lung injury in experimental acute respiratory distress syndrome [ J]. Crit Care, 2020, 24 284. DOI: 10.1186/
$13054-020-03011-4.

MARINI J J, JABER S. Dynamic predictors of VILI risk: beyond the driving pressure[ J]. Intensive Care Med, 2016,
42(10) : 1597-1600. DOT; 10.1007/s00134-016-4534-x.

MARINI J J. Strain rate and cycling frequency: the “dynamic duo” of injurious tidal stress[ J]. Crit Care Med, 2016,
44(9) : 1800-1801. DOI; 10.1097/¢cm.0000000000001785.

MILIC-EMILI J. Pulmonary flow resistance[ J]. Lung, 1989, 167(1): 141-148. DOI; 10.1007/bf02714943.

AR, SRUFG I ORAE AOR W A L B LB T AT SRR (D] IR 2535, 2019, 34(2): 189-192. DOI: 10.
3969/j.1ssn.1004-583X.2019.02.020.

COLLINO F, RAPETTI F, VASQUES F, et al. Positive end-expiratory pressure and mechanical power[J]. Anesthesiolo-
gy, 2019, 130(1) . 119-130. DOI; 10.1097/aln.0000000000002458.

BIEHL M, KASHIOURIS M G, GAJIC O. Ventilator-induced lung injury; minimizing its impact in patients with or at risk
for ARDS[J]. Respir Care, 2013, 58(6) : 927-937. DOI. 10.4187/respcare.02347.

NG, B, ARG, IR S 5K R [ J]. heeE#4, 2016, 96(1) : 72-74. DOI. 10.3760/
cma.].issn.0376-2491.2016.01.019.

MEADE M O, COOK D J, GUYATT G H, et al. Ventilation strategy using low tidal volumes, recruitment maneuvers,
and high positive end-expiratory pressure for acute lung injury and acute respiratory distress syndrome[ J]. JAMA, 2008,
299(6): 637-645. DOI; 10.1001/jama.299.6.637.

PUTENSEN C. Meta-analysis: ventilation strategies and outcomes of the acute respiratory distress syndrome and acute lung
injury[ J]. Ann Intern Med, 2009, 151(8) : 566. DOI; 10.7326/0003-4819-151-8-200910200-00011.

MARINI J J, ROCCO P R M. Which component of mechanical power is most important in causing VILI? [J]. Crit Care,
2020, 24(1): 39. DOI; 10.1186/s13054-020-2747-4.

HOTCHKISS J Jr, BLANCH L, MURIAS G, et al. Effects of decreased respiratory frequency on ventilator-induced lung in-
jury[J]. Am J Respir Crit Care Med, 2000, 161(2) : 463-468. DOI: 10.1164/ajrccm.161.2.9811008.

RICH P B, REICKERT C A, SAWADA S, et al. Effect of rate and inspiratory flow on ventilator-induced lung injury[J]. J
Trauma; Inj Infect Crit Care, 2000, 49(5): 903-911. DOI; 10.1097/00005373-200011000-00019.

RICH P B, DOUILLET C D, HURD H, et al. Effect of ventilatory rate on airway cytokine levels and lung injury[ J]. J Surg
Res, 2003, 113(1): 139-145. DOI; 10.1016/50022-4804(03)00195-1.

VAPORIDI K, VOLOUDAKIS G, PRINIANNAKIS G, et al. Effects of respiratory rate on ventilator-induced lung injury at
a constant PaCO, in a mouse model of normal lung[ J]. Crit Care Med, 2008, 36(4): 1277-1283. DOI. 10.1097/ccm.
0b013e31816930e.

RETAMAL J, BORGES J B, BRUHN A, et al. High respiratory rate is associated with early reduction of lung edema clear-
ance in an experimental model of ARDS[ J]. Acta Anaesthesiol Scand, 2016, 60(1) : 79-92. DOI. 10.1111/aas.12596.

(REHE: XRE)



