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[Abstract] Objective To investigate the effects of sequential pulmonary resuscitation maneuver (RM) with
pulmonary protective ventilation on hemodynamics and arterial blood gas in patients with acute respiratory distress
syndrome (ARDS) caused by severe chest trauma. Methods Ninety—six ARDS patients caused by severe chest
trauma admitted to Dongguan People's Hospital from January 2017 to December 2018 were enrolled, and they were
divided into a RM group and a mechanical ventilation group according to different ventilation modes, 48 cases being in
each group. The mechanical ventilation group was given low tidal volume ventilation combined with the best positive
end—expiratory pressure (PEEP); while the RM group was given sequential lung RM therapy on the basis of treatment
in the mechanical ventilation group. The heart rate (HR), mean arterial pressure (MAP), central venous pressure
(CVP), cardiac output (CO), cardiac output index (CI), systemic circulation resistance index (SVRI) arterial blood gas
were monitored before and after treatment in the two groups, and oxygenation index (Pa0,/Fi0,) was calculated; The
mechanical ventilation time, intensive care unit (ICU) hospitalization time, incidence of ventilator associated pneumonia
(VAP), mortality and incidence of adverse reaction were observed between the two groups. Results After treatment,
the pH value and arterial partial pressure of carbon dioxide (PaCO,) of the two groups had no significant change; with
the prolongation of treatment, the arterial partial pressure of oxygen (Pa0,) and arterial blood oxygen saturation (Sa0,);
Pa0,/Fi0, were increased significantly, total carbon dioxide (TCO,) was decreased significantly, after 72 hours of
treatment, the degree of change in the RM group were more remarkable greater than those in the mechanical ventilation

group [PaO, (mmHg, 1 mmHg = 0.133 kPa): 91.02+9.03 vs. 80.34 £7.66, SaO,: 0.96 £0.04 vs. 0.94+0.04, TCO,
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(mmol/L): 24.72 £2.83 vs. 23.54£2.76, Pa0,/FiO, (mmHg): 238.47 £19.83 vs. 185.34 £17.37, all P < 0.05]. The
ICU hospitalization time and mechanical ventilation time in the RM group were significantly lower than those in the
mechanical ventilation group [ICU hospitalization time (days): 22.03 +3.39 vs. 26.75 +4.04, mechanical ventilation time
(days): 13.38 =4.04 vs. 19.33 £5.02], and the incidence of VAP and mortality in the RM group were significantly lower
than those in the mechanical ventilation group[incidence of VAP: 25.00% (12/48) vs. 8.33% (4/48), mortality: 18.75%
(9/48) vs. 22.92% (11/48), both P < 0.05]. With the extension of time, CVP, MAP, CO, CI and SVRI in RM group all
showed a trend of first decreasing and then increasing, while HR showed a trend of increasing and then decreasing,
and the above indicators in 5 minutes after pulmonary re—opening, gradually returned to normal, showing no statistical
significances compared with those before treatment [HR (bpm): 97.88 £6.22 vs. 98.20 £8.37, CVP (mmHg): 6.33 = 1.35
vs. 6.32+1.36, MAP (mmHg): 94.56 +5.96 vs. 95.03 +9.82, CO (L/min): 6.34 +1.42 vs. 6.40+1.23, CI (L * min"' + s7):
2.08+0.32 vs. 2.17 £0.53, SVRI: 2 404.34 +31.34 vs. 2 474.34 +29.73, all P > 0.05]. No adverse reactions occurred in
the two groups. Conclusion Pulmonary protective ventilation sequential lung recruitment maneuver can significantly
improve the oxygenation of ARDS caused by severe chest trauma, shorten the durations of mechanical ventilation and
hospitalization in ICU, reduce the incidence of VAP, improve pulmonary inflammation, and in the mean time it has no
serious adverse effects on hemodynamics.

[Key words] Lung protective ventilation; Acute respiratory distress syndrome; Hemodynamics; Chest trauma

Fund program: General Medical and Health Project of Dongguan City, Guangdong Province (201850725001149)

DOI : 10.3969/j.issn.1008-9691.2019.04.009

ZMEPRI B A LA AE (ARDS ) J2 I AR 5 UL () —
ﬁ%@ﬁﬂ@“?&ﬁﬂ%(ﬂ?ﬁ), I PR 2 Bk W2 DK
WJIIl ik o) 2, TERE AR AT BRI A, E T

T HUMGE SR BOA ARDS B T B,

Ui PTZL ORI 7, A7 AT Hep

< 417

ORI B S R TEG A L () P>0.05 ;3% 1),

F1 AEBSAXRARE —MRALILE

Fﬁﬁ@%&ﬂtﬂ@%&ﬁ?ﬁ%,ﬂﬂ?%?ﬁ M3l S 7E ARDS il ?ﬂﬁ% PEH (41 _ RLACY)

BRSBTS B B - e
TN § PUbliE <4 48 23 25 34 ~ 65 37.84+5.84

ﬁ%%%lﬁ*ﬁi@mﬂﬁ{%, llﬁﬂ?{ﬁ‘ﬁﬁ%gfﬂff&ﬁﬂﬁﬂﬂ? RM 41 48 26 22 35 ~ 65  38.02+6.03

PRI AR . il 5K (RM) REAE AT #2232 1<

JEFE N Rl ZS o m S ok I AR R A 5K, 1.3 Jasr i MUBBE S AL T/ MR a4 o

%Tﬂ“ﬂﬂf(@,i?%ﬁiﬂ(u, DTN AT I R EMEAORIE SR (PEEP), RM ZH7E WL <2 S

B R A BGE R SRS e, (HRM X BT RM IGY7 .

ARDS 5 7RG T RM LA SR £
2%, I PR C T RM 76 ARDS £ 3 b i i FH 5 B il
ORI TG — 4518 . ATFFE R RS 38 <5 51
RM 697 7™ 5 J 358 05 B 8 ARDS, #8351 i IR T
BRI

1 &BR5HE

1.1 BRSNS 268 2017 4F 1 H % 2018 4F 12 H#E
ARBERAZ 0™ MR IMI B ARDS 3 96 .
111 90 AFRE: © ™ 5 M &8 40 5 5 20
ARDS ; @ 2R ; B % 18 ~ 65 A% .

1.1.2  HEBRARUE . D AkJE 48 h PR E I8 5 i S
HIET 5 Q@ IR FIEFLIIIE L ; O A EIERN .
1.1.3 (3 . AR S BRI iR, JF &
A B BR 2F A0 PR 5L 2 it o (R 4IE 5« KTKT2018-
042), X F 3 SR B IR 7 ARSI 24145 21 5k 8 3 o 3L
) B [R) =

1.2 Em%éﬂ& FETERE - 96 il F A AL AE

ZH 48 5], RM 21 48 5], WL &M, Eﬁ%ff#ﬁﬁ

1.3.1  AUSGEE S AT B BRI i oA
K FHBKAE 8 g O HE L (PICCO) MY 2 i
A= A AR AIE, @?ﬁzﬁﬂmmﬁﬁn;uﬂtm@(co) 2L K
HLUOFHIKE (CVP ). /NI i 25 B P58 1 <, WPk
b 1:2, FEIE SR 15 ~ 20 IK /min, W/\%L/KE(FIOQ
9 0.40 ~ 1.00, KI5 ARDS 127645 F #E157 , 148 i
A& P-V ih&k , #E Jefd: PEEP,
1.3.2  RM: BN EEEAES I8 Fio, 2 1.00,
3‘# W2 % 10 min, 5 W 0 ATUARE X 4 0 4 4l
A TR ORIE S AR WL A st R A, e Sl e |
BE JE 77 30 ~35 emH,0 (1 emH,0=0.098 kPa), %
£ PEEP £ 30 s i3 2 ~ 3 cmH,0, HZE35 cmH,0,
R4 30 s, FﬁFt 30 s BB 2 ~ 3 emH,0, & JF K
-, AT IR AL GE SR 2 F, RM 1R /8 h, ¢
2L 3 d. St RM I FE s 1 BN SE Ol Ik RM,
B A L U AT (SpO,) 2] 0.9 5% RM HijF%
1% 5% L) b, IR B R3] 90 mmHg 5% T REAR S
30 mmHg, IR I NRGE DR, O



- 418 -

ThEP P ERES A SR 2019 4F 8 156 26 555 4 ] Chin ] TCM WM Crit Care, August 2019, Vol.26, No.4

FRAE RM BT 20 YK /min BRGETHE] 140 YK /min.
1.4 LSS

1.4.1  shlbkifm < WL . f#H GEMpremier3000 M54
BT ASCRHIN 2B25 ( Sh Bk L S FE A , A 45 S50 (Pa0,).
AR (Sa0,). pH {H . A bk B & (TCOo,), —
AL 7 R (PaCo,), 55 8 & 48 21 (Pa0,/Fi0, ).
142 I S 2EAERRULER IR RIS shAS M A
FH0Z (HR), CVP . FEZ Ik (MAP), CO . CHEI
FEEL (CD) ATEERBH T3 5%k (SVRI),

1.4.3  TiJa : LB AL B ISR IG5 (ICU)
A B B 8] L BILARE A ] OF I LA Sl 28 (VAP)
R R IER I 25

144 AR WEMAAR R RN AT

1.5 Sit2A0r k. ffiH SPSS 21.0 48 i 4k 4 4 #r
s, 75 A RS A TR ORI B + FrifiE 22
(x+s) Fom, R ¢ K50 5 BRI DAL R, R
x> KiK. P<0.05 HZERAGIEE X,

2 & B

2.1 REHNGYFIT LML ARDS B3 WS $5 b LAk
(#£2) : RM 43 1CU 3 Bt | ML < s a) A
VAP A 33 1 A T HLMGE <4 (3 P<0.05) ;
PR AL H A 25 TS24 L (P>0.05),

K2 AEGEITHEWME ARDS EEWGIEIRLEER
BB 1CU ERetTa] HULAGESHIE VAP &4 % JRsEsR
() (d,x=*s) (d,xxs) ()]  (%(fH))

HIMGES A 48 2675+4.04  1933+5.02 2500(12) 22.92(11)
RM #41 48 22.03+3.39% 1338+4.04% 833(4)* 18.75(9)

- SHMGE SR R, 2P<0.05

A5

2.2 RM 4l ARDS B34 ML sh Ji2# 36 b L (3 3):
RM 0 ~ 2 min J5 RM4L % CVP . MAP, CO . CI, SVRI
BRI B MR, HR BOAY7RT B 718 s RM
J& 5 min FIRFEAREWIKE IR, SIRYTET A2
FRGITEE X (P>0.05),

*£ 3 RM 4 ARDS EE MR NHFIERILE (x £5)

mHE) @ (B])  HRGK /min)  CVP(mmHg) — MAP(mmHg)
byl 48 98.20+8.37 6.32+1.36 95.03+9.82
RMOmin 48 11037+776%  531+127%  86.73+823%
RM1min 48 106.74+730%  5.66+142%  8820+8.73%
RM2min 48 100.56+7.03" 6124140  9222+753"
RM5min 48 97.88+6.22 6.3341.35 94.56+5.96

WHE () CO(L/min)  CI(L-min ' +s™") SVRI
byl 48 6.40+1.23 2.17+0.53 24743442973
RMOmin 48  528+128%  1.79+038%  1970.97+28.73%
RM1min 48  563+144% 19840327  1968.73+30.02%
RM2min 48  6.124+120% 2.08+052%  239447+3129%
RM5min 48  634+142 2.0840.32 24043443134

i SIBJTHT AL ©P<0.05 5 1 mmHg=0.133 kPa

2.3 RENGIT T M4 ARDS 35 3k i < J6 br
Feds (6 4)  IRITHT G W4 B8 PaCO, ., pH [H¥C
B ARk 5 36975 Sa0,. Pa0,. Pa0,/Fi0, ¥ HAYT
B TR, TCO, BIAYTHT W EREA% s H RM 411y
AR A ML A T 53 (35 P<0.05),
2.4 KRR A : PR BER LA AR,
3 it i

ARDS J2& Ja 5 A1 55 5 UL & 4 , &P BE ™ T 1Y)
LA 375 516 B W ALK | A SR LE &5, R TS 0 22, e
FEZE R B TR ARDS %5 31 A 2 B 22 B
FERIBITRA, HUIGE LETRYT ARDS FISRISA T
W, A B TR AT RCR . MR B
HLIE IR YT ARDS 25 %) 31 & HILAK I AAH 2% i 74
15 , T BRI A5 T i il SR, s i FF ik . 2%
YA O RIR S A H /N A A A P A
SRR W E PR I A &R (AR,
M4 ARDS = H I, il 48 SOR BB A R TS
e RA R =R ([ MURIEy wvs i M RN @] (AR

UTAESR RM ME SO0 242 1, I ARTIESE , RM AE
I ok 3t SRS e, (R B I RE . sk
AT R I ML AR 2 75 A7 T Bl 2 R R e S
JFE AT FEFEBR , © A I PR 2S5 AR 42 I 740 % i 2

*4 AE&FTAETE ARDS BE KN SIEFRILE

25 51 st 1] % (f])  PaO,(mmHg) Sa0, pH {H TCO, (mmol/L.)  PaCO,(mmHg) Pa0,/Fi0,(mmHg)
HUBGE S AL RIS 48 69.83+8.32 0.87 +0.04 7.34+0.09 29.21+3.20 44.83+7.53 138.74+17.74
WBIF12h 48 70.89+6.877  0.89+0.07%  739+0.05 273343047  37.03+6.89  147.74+18.04°
BT 240 48 753248737 0.09+0.03%  737+006 224042217  3238+685  154.23+16.05°
T 48h 48 78.80+7.75% 09240057  7.39+0.07  21.44+2987  3378+6.09  167.37+12.94°
WBWIFT2h 48 803417667  094+0.04%  7.40+0.08  23.54+276% 36741738  18534+17.37°
RM 41 JRYTHT 48 70.03 +8.03 0.88+0.06 7.33+0.10 29.24+298 45.09+7.55 140.53 +18.24
VBIT 12h 48 77324790 092+0.05®  7.38+0.06  27.03+232%  36.36+6.64 166.63 +17.38 2P
7 24h 48 82.83+7.89%  093+0.04™ 7394005  2504+245%  34.48+6.68 193.48 +20.74 2
YGIT 48 h 48 86.72+8.03%  096+0.07®  7.40+0.04  2432+330%  36.78+7.05 202.44+21.39 2
BIT 72h 48 91.02+9.03%  096+0.04™  741+0.05 2472+2.83% 38224748  238.47+19.83°

T SARGLAYTHT LA 2P<0.05 ; SHUBGETAHFWILEL, PP<0.05 5 1 mmHg=0.133 kPa



rhEh P ESS S 2 4eE 2019 4E 8 J1 45 26 4245 4 11 Chin J TCM WM Crit Care, August 2019, Vol.26, No.4

. 419 -

A2 Wl Th A AT kAR T H o ARTFTER B
R IRIT IR PR pH {H . PaCO, LA K, Pa0,.
Pa0,/Fi0, B3 T+, H RM 2 THUE . &
WYt AP PEE U 5T RMURYT RE S5 405 ARDS i
HHE AR . Xl BRI N TEM UK, RM AEZE
R e )T T, AN TR I Mg ke 21~
TR O R , ST 4 A" PEEP
— 2 ARDS 7R CHE R 2 — RSP U2 —,
it PR P P SR s Y B A R 4 T SR e
PEEP, R 7E R PEEP T, REAES IR | i 4
AT il G P A it 77, e A8 O IS B (4
PRI ASHIFSE RM 5 M4 AR I 48 v R S A
POIRZS S S B AL S, (A5 e PEEP, HETTT
B AERE T RINE Y HOIRS, 45 R s, RM 24158
HHUHGE SRR | ICU fEBEmS 1] bz VAP K A3 R
FARTHUOE T . SRR U7 5 RM fE
AR ™ M TS ARDS IIG AR T8, HED
B PO il G R U 5T RMBECRUER A 251
R IE I T, A RO SR A AR T, kst </
T LC A, B 1P WAILIR 55 , 328 100 246 L AL P 1]
[l A> VAP KA AFFER R, RM 5 RM 41
4% MAP, CVP, CO. CI, SVRI B4R Y7 H it 35 %
%, HR BHAIT AT W& TR, RM A S min EiRE4R
BRI AE R, SR T L EE RGeS
X R BRI R ] RM I, R i P9 S (R0 i
D HTRAT AR S R CLL CO MAP FEAIC, fH7E (5
1k RM 5, FIRAERAR PRI o ABIESE b A vk L
12 ~ 3 emH,0, RIS ZSRE L 3 72 7 A = JEAN
[RS8
25 LRk, O P8 U B RM L BE 35 G
JEE T AMIITEC ARDS SBE A A BRI VAP &
HE AR B TS SR AE S L, [ S X ML Bl Ty 2 AN ek
A PEELAN RS (AT I R
S 3k
(1] E9 . Mg ~Oo 2 i SO At i a0 25 S AR Ry T
OEE [J]. WIALEEZ | 2014, 36 (15): 2331-2332. DOI: 10.3969/
j-1ssn.1002-7386.2014.15.039.
Wang T. Effect of protective lung ventilation on acute respiratory
distress syndrome caused by severe chest trauma [J]. Hebei Med J,
2014, 36 (15): 2331-2332. DOI: 10.3969/j.issn.1002-7386.2014.
15.039.
[2] Kim WY, Hong SB. Sepsis and Acute Respiratory Distress
Syndrome: Recent Update [J]. Tuberc Respir Dis (Seoul), 2016,
79 (2): 53-57. DOI: 10.4046/trd.2016.79.2.53.
[3 ] R, B85 X0 2T S 2R S AR Va8 <
FEMEBIHUR AT (1] RRSUEEDREALE | 2015, 21 (2): 120-121.
DOI: 10.11768/nkjwzzzz20150213.

Zhang X, Zhao ZP, Liu N. Prognostic analysis of small tidal volume
lung protective ventilation strategy in acute respiratory distress

—
~
;.

[5

[

[6

[

[7]

—
oo
[

[9]

[12]

syndrome [J]. J Intern Intensive Med, 2015, 21 (2): 120-121. DOI:
10.11768/nkjwzzzz20150213.
PRBAE  skmk A, TR, S R FIHUMOE SR A AR
KA I BV B LS IR Thra i [, AR e 2
&, 2018, 24 (2): 140-142, 157. DOL: 10.11768/nkjwzz2220180215.
Hu QH, Zhang XQ, Wang ZW, et al. Application of different
mechanical ventilations in severe acute pancreatitis complicated
with acute respiratory distress syndrome [J]. J Intern Intensive Med,
2018, 24 (2): 140-142, 157. DOL: 10.11768/nkjwzzzz20180215.
R, A7 T ORBOT . R R A e I A
PENE 0 255 AR B RA T AIE T ()], o ) IR I A 2 A
ik, 2015, 25 (4): 469-471. DOIL: 10.3969/j.issn.1009-881X.2015.
04.024.
Lin Q, Yang WG, Xu YM. Application of pulmonary protective
ventilation strategy in the treatment of patients with severe burn
complicated with acute respiratory distress syndrome [J]. Chin J
Hemorh, 2015, 25 (4): 469-471. DOIL: 10.3969/j.issn.1009-881X.
2015.04.024.
R XURMTE B L 45 /N O AR AR I 2
TEBH WU 0 Meta 43T [J]. thAENEE | 2016, 55 (10):
784-790. DOL: 10.3760/cma.j.issn.0578-1426.2016.10.012.
Li Q, Liu SQ, Chen H, et al. A meta—analysis of low tidal volume
on the outcome of adult patients without acute respiratory distress
syndrome [J]. Chin J Intern Med, 2016, 55 (10): 784-790. DOI:
10.3760/cma.j.issn.0578-1426.2016.10.012.
et Bhipe s XS | AR L LR I SR M I 5 M A2 5k
X BB I A VR T IO SR A SR BT R R ARe
2275, 2014, 30 (4): 305-309. DOI: 10.3760/cma.j.issn.1009-2587.
2014.04.004.
Li XJ, Zhong XM, Deng ZY, et al. Effects of lung protective
ventilation strategy combined with lung recruitment maneuver on
patients with severe burn complicated with acute respiratory distress
syndrome [J]. Chin J Burns, 2014, 30 (4): 305-309. DOI: 10.3760/
cma.j.issn.1009-2587.2014.04.004.
BEPRIE . ARDS 38 SR WK 1 [l R IF 52 (9], v e 2 s oy
2015, 35 (z1): 54-55. DOI: 10.3969/j.issn.1002-1949.2015.21.035.
Rao ZY. Retrospective study on ARDS ventilation strategy [J]. Chin
J Crit Care Med, 2015, 35 (z1): 54-55. DOIL: 10.3969/.issn.1002—
1949.2015.21.035.
BT, XA, X . ML A 15 200 ARDS SR 15
JEVTA B AR < B 228 51 1m0 B4 2347 (9] e s 2 B 2
2%, 2017, 29 (1): 45-50. DOI: 10.3760/cma.j.issn.2095-4352.
2017.01.010.
Jia ZY, Liu XW, Liu Z. Evaluation value of oxygenation index of
mechanical ventilation on the prognosis of patients with ARDS:
a retrospective analysis with 228 patients [J]. Chin Crit Care
Med, 2017, 29 (1): 45-50. DOIL: 10.3760/cma.j.issn.2095-4352.
2017.01.010.
Valentini R, Aquino—Esperanza J, Bonelli I, et al. Gas exchange
and lung mechanics in patients with acute respiratory distress
syndrome: comparison of three different strategies of positive end
expiratory pressure selection [J]. J Crit Care, 2015, 30 (2): 334-340.
DOI: 10.1016/j.jcre.2014.11.019.
BRI . B SRR AR LR I E U B S IR IR T
TRE 207 JE IR 48 91 & ARDS B It BRBIF 5T (1. [ o g 1€ 4%
BAaRIRE , 2017, 24 (5): 497-501. DOT: 10.3969/).issn.1008—
9691.2017.05.012.
Zeng 7G, Wang F, Zhang JG, et al. A clinical study of lung
protective ventilation and sequential lung recruitment maneuver
for treatment of severe acute pancreatitis complicated with acute
respiratory distress syndrome [J]. Chin ] TCM WM Crit Care, 2017,
24 (5): 497-501. DOI: 10.3969/.issn.1008-9691.2017.05.012.
WY SO . A MENT IR S T 2R S AR A AR 5 PEE SR T BUR A A
PRI RS RULRHRE IR 2R | 2016, 31 (18): 1381-1383. DOI:
10.3760/cma.].issn.2095-428X.2016.18.006.
Yu WL. Lung protective strategy in acute respiratory distress
syndrome:current status and new understanding [J]. Chin J Appl
Clin Pediatr, 2016, 31 (18): 1381-1383. DOI: 10.3760/cma.j.issn.
2095-428X.2016.18.006.

ClSchis H A - 2019-04-15)



