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[ Abstract ]

due to excessive spontaneous breathing effort, that is, patient

Researches have shown that lung injury

self-inflicted lung injury (P-SILI), may be the important manifes-
tation and possible mechanism of ventilation-associated lung in-
jury and ventilation-induced diaphragmatic dysfunction in acute
respiratory distress syndrome (ARDS) patients who were me-
chanically ventilated with intense spontaneous breathing. This
paper reviews the concept of P-SILI, possible occurrence mecha-
nism, clinical significance, and prevention and treatment, in or-
der to provide more ideas for clinical ARDS management.

[ Key words ]

Respiratory distress syndrome, adult;

DOI:10.3760/cma.j.cn501120-20200610-00302

ARSI AR AT, SR R A5 5 0 HL R i B 5 T
[J]. 7 M B 5 2% &%, 2021, 37(8): 801-804. DOI: 10.3760/cma. j.
¢n501120-20200610-00302.

Ren ZG,Zhu F.Research advances on the mechanisms and prevention and
treatment of patient self-inflicted lung injury[J].Chin J Burns,2021,37(8):
801-804.DOI: 10.3760/cma.j.cn501120-20200610-00302.

Ventilator-induced lung injury; Patient self-inflicted lung inju-

ry; Spontaneous breathing; Respiratory effort

Fund program: National Key Research and Development
Program "Stem Cell and Transformation Research" Key Special
Project of China (2019YFA0110601); Key Projects of Teaching

Research and Reform in Changhai Hospital (CHJG2019002)

ML 3 S 7E 25 Fh IR R 300 ARDS 3R 97 Hh i b L &
TEH H b AT RE T OBCHL M GE KA G M B 05
(ventilation-associated lung injury , VALI) HLAE G A 56 1 BR
WL 2 HE k& 15 (ventilation-induced diaphragmatic dysfunction,
VIDD) % K E , P E W S o B AT IR AR, HLAK
WA R R B ARDS B A A PR BE S L U
M DT v 52 5 O e 3 SR B0 L I L ), A R ]
LA 0 B LT RE oA 4 B il O 8h 0 2 AR HE T R
VAL VIDD, 45 %5 HLAE <R ) KA 1CU B B 2 36
g s X T R ARDS HOH [ R I S 3 1 R
N Y B IH F 5 H RN I R G AR Al e, S SO SR 3 )
(pendelluft) B G2 F1 Il 7K 3 2, I 22 It 483 497 , 348 Jin o 46 312
L, P 1 R 0T S HURGE S [ 5C R EMA T, XA
Rk B B 32 R %% g 51 il 48 05 1 A S B R O B Ak
P Jiff #1 #47 (patient self-inflicted lung injury, P-SILI)'* . %5 &
S 46 AN R B A 0k 22 B il 405 7 SR, [ 0S8R )
ME LA il 6 22 230 FRL N o i 40 s PR ) ) SR R T 4k
F5 A PR G TR AT Y Z R IR S5y AT RE S BUK K
/a8 X8R ) A0S FRAR A E— 25 Jin o il A

1 P-SILIEBEXZENE

JLAE P-SILL A HE 508, (A 7R K AR HLT 5 VALLJE AR
ML BE A BEIE F0AF 57 45 S R |, P-SILIWE 78 & /4 L ¥ 5
M EWAS A5 I8 2 s g HLR K™, P-SILI &
BLEAE R ML
101 32 450 o AR g i gk o

TR T P A A I P T B i 5
e 865 it — 5 TG 5 e O O0S DX kB K L 55— T
3 S0 I il 96 R L 38 ST Y fR) SR N D B T, AT
BUKROT R 05 o R R ) A i sl SR
7 5 4 ) 3 A R A ) R R A S i ) s el 45 AR A
FIE DT 9 TR B ARDS SRE P DR 57, s R, K



- 802 - APy 2021 458 H % 37 5% 8 ) Chin J Burns, August 2021, Vol. 37, No. 8

T4 P-SILL & LE 75 ARDS T S IX )
1.2 ZHUE A —

T 2 MU 22 TG OIS & HURGE L H R %
T3 2 VR A T A e B S R I T ) I Il Y
JE ) B HoAL SR R A RURI 20 10 o SR, e 2 U, e 3
ST I ARDS AZ 5l v, — 26 DX 26 a] Lo 5 48 45, AR Bh
PG — AR B FEX RIS SR A 1 T
P I8 LS 45 7= A 1 N S R PR A i R 48 XS A BE 4 50
At 328 B i 45 AL, TR M E R BRI AR i ST iR =2
L SR ZLAY 2 PP A B S 5 A A I P R R A A T
A AT A — A X3k I i 7 4005 1X) 1) 5 — A Xk (5 7 4R
KO MR d . #ELAY 1 3 0 M AR B 380 A (RS
TR T BT E) Fy N T AR . AR B B AR G b
BT AL M S T ARDS FR# R0 X
N7 F7 140 ) HRe R A
1.3 il s e

T 7 1 3 S RS S B [ B il 9 g R AROR 5 AR
3 A I B D) 2 KR AR F AR R I H R
B B A P A Ay A R P S R B I %%
T3 23 i R LA R O 2%, 3 B 5K B P ol A R v T L H
0T B s IS Ty o i BGRB8 A5 3 A
18 AR A7 BIL BRSSP AR AR T AR 5 SO G B e A
YRS < - 38 B LA B SRR A 4 4G, 32 i i 5
ity It 4 P R 200 LA 05, B i I S R 25 A A K R il
I 0 3 P i N FE ARDS FB A A K i 3 e — i B 2
007 30 37 I R R IL R o DRI ah Ak T O A <
8 8 ASAN IR o BLBR 285 T I I 5 S (4 38900, 340 48 952493 )5 I 7K 1
o FLORT R MRE R RO Al S B LR (1) 1
A5 AT 7K RH LR i 6 BE B L 98 R TR G
00 i 9 2 T K 7 0 Gk I A A A i B 1 2
Bk o (2) 7K i i i 6 A8 AR N A B MR B R L R o
J1 AR B IX A il A ke o (3) il A P K B 0 B 0 i
w5

T A WS G BRI L R R A 2 S SO i
W 72 (RS 37 O F W 32 B0 BT & 1) I R AL A 56 8 A .
% 1 17 (ventilator-induced lung vascular injury) . VALI i &2
it 34, 08 A8 05, L 96 10 A A A0 A AR AOE 4 I O 3 g 2 1Y
WG VT IR B G T R HLBCBE Y F VALLEE B B0
FU RS o LA A F IR S A L R BIL B
W, 5 3 S5 36 ) BT A7 M ) ARE 3R T ARG L LA T A AL AR
3 A5 A 0 % Al 96 4 B8 10 A T X6 B 8K A S
AN TR A IO 0 A5 2% (1 B A S S0 L 45 T 0 B, B X
B SRR i ot A B4
1.4 AN-HUARTHZ

ERER LA SURIP R WNEY | W N PS8 e o [l S B '
e I LS S 2 5 D PR T B0 A R T BN, B AR s
S EUM I B S A SO S R U R S 0 T
2 A R AR R B% Ty B H XI F RR AE AR Ef E

A FERFAES TR AR SOR AT RE S L B ER 43 I 22 B L Jn
i AN SR A 0 Y XU, I B B S 0 A Y R I R T
P-SILLAJ & A8 T A 0 ad BE i s (A A R 0 2, 20 1
WS ) AN ASAS 2 f AR AR I e 0 R IS LA B T2 v 7 51
By, BT IE# A0 ARDS S5 475 T BB A7 7 P-SILL Y 1= PR I
4R Bl 30, Hor— A ML T -5 0 e R e B SR B A O
ZARN SR RER A B A .
1.5 P-SILI ¥ % 08 36

HY T AR S 8 T WG T 2 Rl 4, il 5 5 R B AT A
o0 H W W R )50 g T R i e 22 LAY, 4 S B AU
P S B5 00 5 80y, AT R A Bl A I 0 0 Y = B2 80 (i ik
JEE3E SRR B B G I 25 B A0 DL R i B R 38 i A R
I e A =0 [ G a1 N e A W o/ % | | B Y A e SR i3
L ALK 5 BT i 0 O WK By 5k R s ke 4 il S T s
SR W RS% T B KU . TR, P-SILT (4 M 2 1 7 8l A4S 4
BE A IR AT R PEAE A

2 P-SILIM I K& & 2

JS B I AT R R Bt AL xR 3 36 2 B FR i P-SILL XU Y
R T DL BUS  E P-STLI AR BE 40 8 T 45 24 1 24
B 3LINI7 SUE S URAE R | RS QU U R 08 €IS N
Il PR B2 471 N B3 07 = A0 P-SILL, SBT3 500 F0 Wl s, R P4 3
Wi PR A2k 5, ol 1A~ PR A LA T SR W
2.1 R U A A 0T 55 )

TS LRI LR PR B R A B VR AL IR 55
FHWLEE N -HUAHEAE T . 25 M 00 30 AN 5 2 1 IR <55 T I, g
TE PR 55 HEAT A2 BRI R 25 4%, OF R 98 - i B2 P IR 5 5
W 8% £ A TG G B 1R 0, A A 4 v S 32 4 1 A R o
WP LT A A DR 55 A G RE W I 55 3 B it RN VA A
FE MO0 BLAR FE 0V AL e 3 2l M R 5 MR LR R AR
FH 28 1T A B 77 58 S AL A e A 0T WP 8 g 2 A LI g
URUITE S
2.2 FAES

o il G SR A B DT TR R B AR B ARDS SR
BB 46 IR 97 R R 2 R I B I i BT (high-flow nasal
cannula oxygen therapy, HFNC) | Tfi £ 0 /45 ff B H 32 0 A9
TR T8 AR DL B A S 0 AN i I G . AR IS
SR, 3T I0 B 38 A A 4 I AR AR I 5 A A A T Y R
AR, 24 85 LA AU B B 32 R I 47 2= 52 345
FN O b T AN U R A S DI IF SR P-SILLY K
WrIFAE 5 5 0 Grieco 552741 Hf 15 i T A Sk 791 4 452 52 TC 61
AR P I R I R 3 R ARDSS SR & A= P-SILLAY K
B bR o SR, AEER I 4k 47 HFNC B9 ARDS B (19 25 it [
SEANEE G B AR RO AT e o I 5 T B B A R O AN S
TR TR A TR TR A U AR R RV S B
Ji IS 368 42 30T Tt 9 IS 3, fEL Y T B 2 OGP I A i
et ARG 38 T P8 5 I, L FE I AR, U)o T
AR 22 BLITE 5 P, 28 BT Ik 0 B Al T S e ) I 0N I



AR 28 2021 4E 8 A4S 37 45 8 3] Chin J Burns, August 2021, Vol. 37, No. 8 - 803 -

5 il AR 938037 A IX I8 T AR )
2.3 HALES

A OIS R AR S VALLA VIDD A1 56 , {8 A 38 5o & i)
B ITAR 3Rt f0 55 Fp AR DAL w8/ 3R 31 R <0E 3 SR A
ESN S 3 BTSN A S =11 2 A i1 10 i s R 9 R S|
T CSF RS it T DA i 4 32 P-SILL, AAHT B P-SILLG
PR BR KON ok U R A B 4 2R BB E S T LR
P-SILLAY G 37 RO T B7 PR it . 29 9K, HILBRGE < AN J2& P-SILL
F I — 3 B, AR I8 SRR TR T B R AR D B R T AT R, G
e [0 B0 S ] SP-7 P-STLL AR S E B3 34 1) I 2o A48 O
B IDLMGE A RSN 22 8] A A 0 5 AN S SRt AT
IR, X ARDS 9 10 B M S8 1 45 /3048 D) O S Qi
T RE /0 Bl b 0 P-STLT & A Y 108 325 38 O Bf o B, B 2 0
AR A 2 UL PR BEL T O Sl T AT AR, G HL R il A 2 2R
HRIE AT I E R T B L R e e AT
2.4 MPACRIEJRIES(PEEP) AT

8 5 PEEP A7 0] LAk 2 il A 5K, DA i 6 W WL 4 ), 18
Jife BB s DAY I 7 6 A A il 3 1 Y 4 AR TE N ) . R T
3853 43 A T LA /D 5 8 32 0P IR 56 A 007 5 I Bl L B akE
G I R IX G Ik . B PEEPIRYT A B T8 2> ARDS
HE TS R A N G e T 7 5 i e P R R
R ) WO SR sS4 5 A X AT REA B b R 9K
Bl = PEEP T A2 5K 55 5 il , 38 Jin il 35—k | o B g LAk +
Bl E7 ok RS B AR A OGRS
2.5 PBRARIE 0 A0 %

AR HLGE SR A A R S S R D R
WU PR A5 O o, — 8 R b A PR 1 P I R g g P £y
R 5 Al S, A R T B L A F A (R R B A 3
) AR AL 550 3 SR 2 — 34 n Rl S SO A B U045, n =R
it ML B A5 0, B P-STLI™ ™, IR I I AR SR BBUAT 56 5 it
(L T B 25 ) AR AV T W30 3 ] O 2 VALY I 48 43495  TR) of
AR T LA R BB e A, 3 N 2 e O A I 4
FlE K A1 TR T4 TR S A VR 905 A5 R0 I 058 B 22 TR) B0 O AR OB A
it ot A A, R A B AR T S AT
2.6 HAth

O i PR L R K A TR S B R TT LA ARDS BB E I
FE L DT A0 355 30 ORI WA 3% i R 1) 2 S R JER 2 T
WD P-SILLEY & 22,

3 RESRE

FIHi, P-SILIHE 22 9 J— MR ATBL R o i PR = Uil B 5
SR I T P-STLLAY XU , %5 D) M0 0 02 S R 2808 .
HOR A BT IR0 P SRR B9 ARDS SR I 75 B R R Bl
J1 IR SCES S FURIEL A ) RS DU T, (3 PR IROIRZS AT
REAR PR AT 2 T 2H1E . A S M, 1 XEIR SE 7E TC B WP I S R
PR o P 0% 8y g S BOR WL AN ARDS (3, 2% K I
ST AT BE R S VIIT) IR R AT DR <
AEHE . TRII R L R LA PR R e BERY o B e B

N

Bij 3G P-SILI BB Wl 42 Jili N Il 4 B 98 i S B, el 35 S G, BRAIR
VALL.VIDD % A SERITIE 27

S22, P-SILUME A& A Bl T 58 g b iff s 4 1) P 10 9K 8 = —
AR AT IR YT RO VE R H AR o 08 R A R AU A A A 2
B R D L WIS R RE S P-STLL b
SR, AL FE W0 P % By (AR R AR T B E ) L
Aot DA SO LT 3l (B S B A I SHLE 7 IR LA 3 3
) o XA ME A BE T IR O A B AR Y T R 2 ) S8 R
PRATE 52 o4 JE 1 b S0 5 PP AT B o 3 8 2 B A AN [ ML b
AT A 0 R i 2 e R ke T A — 2 A ST RN S Y
MR AR R WA AETE R 45 vh 58

&% ik

(1] FErEaE, BT, Fh0= . PR ER 1 2 P 6 o 2 S P I 5 3
25 G AR IR 9T M 28 Ab )] AR BR A e Ak, 2018, 98(29):
2374-2376. DOI: 10.3760/cma.j.issn.0376-2491.2018.29.022.

[2] Yoshida T, Amato MBP, Kavanagh BP, et al. Impact of
spontaneous breathing during mechanical ventilation in acute
respiratory distress syndrome[J]. Curr Opin Crit Care, 2019,
25(2): 192-198. DOI: 10.1097/MCC.0000000000000597.

[3] Russotto V, Bellani G, Foti G. Respiratory mechanics in patients
with acute respiratory distress syndrome[J]. Ann Transl Med,
2018, 6(19): 382. DOI: 10.21037/atm.2018.08.32.

[4] Brochard L, Slutsky A, Pesenti A. Mechanical ventilation to
minimize progression of lung injury in acute respiratory failure
[J]. Am J Respir Crit Care Med, 2017, 195(4): 438-442. DOI:
10.1164/rccm.201605-1081CP.

[5] Yoshida T, Grieco DL, Brochard L, et al. Patient self-inflicted
lung injury and positive end-expiratory pressure for safe sponta-
neous breathing[J]. Curr Opin Crit Care, 2020, 26(1): 59-65.
DOI: 10.1097/MCC.0000000000000691.

[6] Yoshida T, Roldan R, Beraldo MA, et al. Spontaneous effort
during mechanical ventilation: maximal injury with less positive
end-expiratory pressure[J]. Crit Care Med, 2016, 44(8): e678-688.
DOI: 10.1097/CCM.0000000000001649.

[7] Yoshida T, Nakahashi S, Nakamura MAM, et al. Volume-con-
trolled ventilation does not prevent injurious inflation during
spontaneous effort[J]. Am J Respir Crit Care Med, 2017, 196(5):
590-601. DOI: 10.1164/rcem.201610-19720C.

[8] Yoshida T, Uchiyama A, Matsuura N, et al. Spontaneous breath-
ing during lung-protective ventilation in an experimental acute
lung injury model: high transpulmonary pressure associated with
strong spontaneous breathing effort may worsen lung injury[J].
Crit Care Med, 2012, 40(5): 1578-1585. DOI: 10.1097/CCM.0b0
13e3182451¢40.

[9] Yoshida T, Torsani V, Gomes S, et al. Spontaneous effort causes
occult pendelluft during mechanical ventilation[J]. Am ] Respir
Crit Care Med, 2013, 188(12): 1420-1427. DOI: 10.1164/rccm.201
303-05390C.

[10] Kallet RH, Alonso JA, Luce JM, et al. Exacerbation of acute
pulmonary edema during assisted mechanical ventilation using a
low-tidal volume, lung protective-ventilator strategy[J]. Chest,
1999, 116(6): 1826-1832. DOI: 10.1378/chest.116.6.1826.

[11] Kantor DB, Hirshberg EL, McDonald MC, et al. Fluid balance is
associated with clinical outcomes and extravascular lung water in
children with acute asthma exacerbation[J]. Am J Respir Crit
Care Med, 2018, 197(9):1128-1135. DOI: 10.1164/rcem.201709-
18600C.



+ 804 -

[12]

[13]

[14]

[15]

[16]

[17]

[20]

[21]

[22]

[23]

M L IR

2021 48 H%: 37 &% 8 1 Chin J Burns, August 2021, Vol. 37, No. 8

Marini JJ. Microvasculature in ventilator-induced lung injury:
target or cause?[J]. Minerva Anestesiol, 2004, 70(4): 167-173.
West JB. Invited review: pulmonary capillary stress failure[J]. J
Appl Physiol (1985), 2000, 89(6): 2483-2489; discussion 2497.
DOI: 10.1152/jappl.2000.89.6.2483.

XIIGEMS , SR 0 . DB, A WU £ P 0 Ak O W ATL AR O M il 5 4 1 ).
A B 5 2% 35 2021, 37(3): 292-295. DOL: 10.3760/cma. j.
¢n501120-20200203-00039.

Dai YL, Wu CP, Yang GG, et al. Adaptive support ventilation
attenuates ventilator induced lung injury: human and animal
study[J]. Int J Mol Sci, 2019, 20(23): 5848. DOI: 10.3390/ijms20
235848.

Hotchkiss JR Jr, Blanch L, Murias G, et al. Effects of decreased
respiratory frequency on ventilator-induced lung injury[J]. Am J
Respir Crit Care Med, 2000, 161(2 Pt 1): 463-468. DOI: 10.1164/
ajrcem.161.2.9811008.

K Ji, B 2 . I UL HL A RE A% 42 5 P9I [J/0 L), vh AR AR
[ 2 L T 2% 3, 2020, 6(4): 361-364[2021-07-18]. https://icu.
cma-cme. com. ¢cn/CN/10.3877/cma. j. issn. 2096-1537.2020.04.002.
DOI: 10.3877/cma.j.issn.2096-1537.2020.04.002.

Blanch L, Villagra A, Sales B, et al. Asynchronies during me-
chanical ventilation are associated with mortality[J]. Intensive
Care Med, 2015, 41(4): 633-641. DOI: 10.1007/s00134-015-
3692-6.

Pohlman MC, McCallister KE, Schweickert WD, et al. Excessive
tidal volume from breath stacking during lung-protective
ventilation for acute lung injury[J]. Crit Care Med, 2008, 36(11):
3019-3023. DOI: 10.1097/CCM.0b013e31818b308b.

Mauri T, Langer T, Zanella A, et al. Extremely high transpulmo-
nary pressure in a spontaneously breathing patient with early se-
vere. ARDS on ECMO[]J]. Intensive Care Med, 2016, 42(12):
2101-2103. DOI: 10.1007/s00134-016-4470-9.

Vaporidi K, Akoumianaki E, Telias I, et al. Respiratory drive in
critically ill patients: pathophysiology and clinical implications
[Jl. Am J Respir Crit Care Med, 2020, 201(1): 20-32. DOI:
10.1164/rccm.201903-0596S0.

Spinelli E, Mauri T, Beitler JR, et al. Respiratory drive in the
acule respiratory distress syndrome: pathophysiology, monitor-
ing, and therapeutic interventions[J]. Intensive Care Med, 2020,
46(4): 606-618. DOI: 10.1007/s00134-020-05942-6.

Carteaux G, Parfait M, Combet M, et al. Patient-self inflicted

[26]

[28]

[33]

lung injury: a practical review[J]. J Clin Med, 2021, 10(12):
2738. DOI: 10.3390/jcm10122738.
Arnal JM, Chatburn R. Paying attention to patient self-inflicted
lung injury[J]. Minerva Anestesiol, 2019, 85(9): 940-942. DOI:
10.23736/50375-9393.19.13778-9.
Grieco DL, Menga LS, Eleuteri D, et al. Patient self-inflicted
lung injury: implications for acute hypoxemic respiratory failure
and ARDS patients on non-invasive support[J]. Minerva Anestesiol,
2019, 85(9): 1014-1023. DOI: 10.23736/S0375-9393.19.13418-9.
Yoshida T, Amato MBP, Grieco DL, et al. Esophageal manome-
try and regional transpulmonary pressure in lung injury[J]. Am J
Respir Crit Care Med, 2018, 197(8): 1018-1026. DOI: 10.1164/
reem.201709-18060C.
Patel BK, Wolfe KS, Hall JB, et al. A word of caution regarding
patient self-inflicted lung injury and prophylactic intubation[J].
Am J Respir Crit Care Med, 2017, 196(7): 936. DOI: 10.1164/
rcem.201702-0410LE.
Morais CCA, Koyama Y, Yoshida T, et al. High positive end-ex-
piratory pressure renders spontaneous effort noninjurious[J]. Am
J Respir Crit Care Med, 2018, 197(10):1285-1296. DOI: 10.1164/
rcem.201706-12440C.
Yoshida T, Amato MBP, Kavanagh BP. Understanding spontane-
ous vs ventilator breaths: impact and monitoring[J]. Intensive
Care Med, 2018, 44(12): 2235-2238. DOI: 10.1007/s00134-018-
5145-5.
Somhorst P, Groot MW, Gommers D. Partial neuromuscular
blockage to promote weaning from mechanical ventilation in
severe ARDS: a case report[J]. Respir Med Case Rep, 2018, 25:
225-227.DOI: 10.1016/j.rmer.2018.09.008.
Keenan JC, Formenti P, Marini JJ. Lung recruitment in acute
respiratory distress syndrome: what is the best strategy?[J]. Curr
Opin Crit Care, 2014, 20(1): 63-68. DOI: 10.1097/MCC.0000000
000000054.
Forel JM, Roch A, Marin V, et al. Neuromuscular blocking
agents decrease inflammatory response in patients presenting
with acute respiratory distress syndrome[J]. Crit Care Med, 2006,
34(11): 2749-2757. DOI: 10.1097/01.CCM.0000239435.87433.0D.
Papazian L, Forel JM, Gacouin A, et al. Neuromuscular blockers
in early acute respiratory distress syndrome[J]. N Engl J Med,
2010, 363(12): 1107-1116. DOI: 10.1056/NEJMo0al005372.
(Wi B 19 :2020-06-10)



