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[ Abstract ] Objective  To compare the impact of sustained inflation ( SI) with different positive end — expiratory
pressure ( PEEP) on pulmonary reexpansion in acute respiratory distress syndrome ( ARDS) patients treated by negative
pressure sputum suction. Methods From August 2013 to October 2016, a total of 132 patients with ARDS were selected in the
ICU, Wuhan Central Hospital of the Third Bureau of China State Construction Engineering Corporation, and they were divided
into A group, B group and C group according to random number table, each of 44 cases, patients of A group, B group and C
group received negative pressure sputum suction with 150, 175 and 200 mm Hg, respectively; patients of each group were
randomly divided into four subgroups, each of 11 cases, and patients of each subgroup received pulmonary reexpansion by
sustained inflation with different PEEP (0, 35, 40 and 45 cm H,0, respectively). Arterial blood — gas analysis results and
respiratory mechanical index before and after sputum suction were compared among A group, B group and C group, and
incidence of complications of A group, B group and C group was observed; respiratory mechanical index and hemodynamic index
before and after pulmonary reexpansion were compared in patients with same negative pressure sucking phlegm and different
PEEP. Results No statistically significant differences of Sa0,, Pa0O,, PaCO, or oxygenation index was found among A group,
B group and C group before or after sputum suction (P >0.05) ; after sputum suction, Sa0,, PaO, and oxygenation index of A
group, B group and C group were statistically significantly lower than those before sputum suction, while PaCO, of A group, B
group and C group was statistically significantly higher than that before sputum suction, respectively (P <0.05). (2) No
statistically significant differences of lung volume, static pulmonary compliance (Cst), airway peak pressure (PIP), airway
platform pressure (Pplat) or mean airway pressure (Pm) was found among A group, B group and C group before or after
sputum suction (P >0.05) ; after sputum suction, lung volume of A group, B group and C group was statistically significantly
smaller than that before sputum suction, respectively, Cst of A group, B group and C group was statistically significantly lower
than that before sputum suction, respectively, while PIP, Pplat and Pm of A group, B group and C group were statistically
significantly higher than those before sputum suction (P <0.05). (3) No statistically significant differences of lung volume,
Cst, PIP, Pplat or Pm was found in patients with same negative pressure sucking phlegm and different PEEP before pulmonary
reexpansion (P >0.05). After pulmonary reexpansion, lung volume of A2 group, A3 group and A4 group was statistically
significantly larger than that of Al group, respectively, Cst of A2 group, A3 group and A4 group was statistically significantly
higher than that of Al group, respectively, while PIP, Pplat and Pm of A2 group, A3 group and A4 group were statistically
significantly lower than those of Al group (P <0.05); lung volume of B2 group, B3 group and B4 group was statistically
significantly larger than that of Bl group, respectively, Cst of B2 group, B3 group and B4 group was statistically significantly
higher than that of B1 group, respectively, while PIP, Pplat and Pm of B2 group, B3 group and B4 group were statistically
significantly lower than those of Bl group (P <0.05); lung volume of C2 group, C3 group and C4 group was statistically
significantly larger than that of C1 group, respectively, Cst of C2 group, C3 group and C4 group was statistically significantly
higher than that of C1 group, respectively, while PIP, Pplat and Pm of C2 group, C3 group and C4 group were statistically
significantly lower than those of C1 group (P <0.05). (4) No statistically significant differences of HR, PAP, CVP or CI was
found in patients with same negative pressure sucking phlegm and different PEEP before pulmonary reexpansion (P >0.05).
After pulmonary reexpansion, HR, PAP, CVP and CI of A2 group, A3 group and A4 group were statistically significantly
higher than those of Al group, meanwhile HR and PAP of A4 group were statistically significantly higher than those A2 group and
A3 group (P <0.05); HR, PAP, CVP and CI of B2 group, B3 group and B4 group were statistically significantly higher than
those of Bl group, meanwhile HR and PAP of B4 group were statistically significantly higher than those B2 group and B3 group
(P<0.05); HR, PAP, CVP and CI of C2 group, C3 group and C4 group were statistically significantly higher than those of
Cl1 group, meanwhile HR and PAP of C4 group were statistically significantly higher than those C2 group and C3 group (P <
0.05). (5) No statistically significant differences of incidence of complications was found among A group, B group and C group
(P>0.05). Conclusion Negative pressure sputum suction can aggravate the lung injury in patients with ARDS to some extent,
but the lung injury was not associated with the negative pressure of sputum suction; SI with moderate PEEP (35 and 40 cm H,0)
has better pulmonary reexpansion effect and higher safety.
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Table 1 Comparison of general information among the three groups
JEU I (f91])
am o BN STR, Tws anm wm afelr aftlie W MO EGE
B IMAE i Ei iR PEAEgER S K5 FA
A2 44 25/19 57.5 4.1 8 6 17 3 1 5 3 1
B 41 44 28/16 58.2+3.6 9 7 14 1 2 4 5 2
C 2 44 26/18 57.8 3.9 9 5 15 3 1 4 3 4
X (F) 14 0. 861 0.274% 1.052
P1a >0.05 >0.05 >0.05
A FE
R2 A4, BYUR CALEE ORGSR M bR L (7 £5)
Table 2 Comparison of arterial blood — gas analysis results among the three groups before and after sputum suction

o S0, (%) PO, (o 1) PaC0, (o 11 AT )

M BE Rl WBE e W B Rl WP I M BE Al W BRI M BE Hil LR
A2 44 95.75+7.89 90.13 £6.47* 49.56 +3.72 47.38 £3.16* 39.92 £5.31 42.35+4.61* 119.76 +11.55 96.48 +15.71*
B4 44 94.58 £5.97 90.06 £4.23* 49.18 +4.63 47.33 £3.52* 39.76 £5.18 41.99 £3.72* 121.83 £12.54  97.66 +13.24*
C 2 44 95.92+6.63 91.14 £5.57* 49.77 £3.11 46.85 +£4.29* 40.02 £4.43 42.68 +4.15* 120.32 £13.27  98.29 +11. 63"
F 1 0. 109 0.785 0.424 0. 659 0. 096 0.403 0.211 0.614
P1{a >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
s S0, = SOBKULAUBAE, Pa0, = BBk AUMIE, PaCO, = ShkIL = RULBAMIE: SURIENTIEEE.*P <0.05

F3 A, B CHEEWIRAG WIS EHEIR LI (7 £5)

Table 3 Comparison of respiratory mechanical index among the three groups before and after sputum suction
a3 - J;|J§ A (ml) Cit_< ml/em H,0) E_IP(cm H,0) }:[ilat(cm H,0) im(cm H,0)

WeHE i WKIE WA i BRI el MR e B i WK IE Wi R
A4l 44 110.58+36.34 86.12+8.37* 38.72:14.69 24.34+10.59* 18.36+6.43 27.175.76* 17.7227.15  20.28+7.41* 11.28£3.53  13.30+3.64°
B4 44 111.24£40.61 85.18 £6.58* 39.07+13.25 26.70+ 8.05* 17.66+5.62 25.09+7.42% 18.11£7.49  22.9247.45* 11.93£4.02 13.93+5.34*
CH 44 109.79£38.24  88.83+6.58* 37.96+14.28 28.18+ 7.47* 18.44:5.71 22.76+5.84* 17.97£6.83  23.9548.77* 12.03x4.61  12.13 +4.69°
F{g 0.551 0. 684 0.119 1.003 0.942 0.673 0. 884 0.112 0. 845 1121
P{g >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

£ Cst= iR, PIP = <aHWEN, Pplat ="l V-G, Pm="GEFHE; SUCBRHTHLE, P <0.05
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R4 AR PEEP B M 5K i 5 P A4 n LA (3 +s)
Table 4 Comparison of respiratory mechanical index in patients with different PEEP of A group before and after pulmonary reexpansion
15 ik I (ml) Csi nl/em H,0) PE’( mH0) P;;hn( em H,0) Pf( em H,0)
L3 MoK f i 5 S Mk fa i K i ik fE EES i 3K f5 A i IEE
Al 11 1042421147 86.62+13.52 41.22+12.93 24.27+11.53  13.25+5.91  23.73:6.27  11.74£2.98  22.36+3.03  10.87+2.65 13.16+2.74
a4 11 117.44£12.38 111.57+18.10* 47.69+14.35 37.73+15.22* 1274588  18.16+6.84* 10.91+3.77  15.32+4.01° 11.052.19 8.37+3.28%
A3 11 115,56 £13.17 112.27+19.36* 48.11£16.24  35.29+15.28* 13.11+5.73  17.815.62* 11.03£2.29  15.51+4.18* 10.69+2.74  8.67+3.63"
M4 11 116.91£10.88 113.14+18.79* 47.95+13.84  34.56 +16.11* 14.06£6.36  17.33+6.45* 11.06+3.47  16.15+3.58* 11.32£3.78 9,31 +4.69*
F{g 0.093 3117 0. 661 5.389 1.109 9.883 1.220 4.991 1.009 10. 883
Py >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
5 AR, P <0.05
£S5 BYLAF PEEP B i KA G IF S A HEPR LR (T +5)
Table 5 Comparison of respiratory mechanical index in patients with different PEEP of B group before and after pulmonary reexpansion
s _- ﬁﬁl‘i’ﬁﬁ,ﬂ\(ml) _ Csiml/cm H,0) PLP(cm H,0) prl(cm H,0) _ ]:zl‘l((‘,m H,0) _
i K i K f i Bk i Mgk IE il 5 S MRk E i 5K A M oK f Wik i K f
B 4| 11 109.95+12.47 86.84+13.57 41.10£11.35 25.05+12.26 1416522 23.07+5.37  12.11£2.88  22.41+3.76  10.92:2.74  13.74+3.85
B4 11 117.81£18.33 112.19+19.56* 42.99+12.28 37.82+13.39* 13.92+5.81  18.45+6.77* 12.52+3.47  17.41£2.56* 10.55+5.16  8.44+4.25°
B3 4 1T 119.52£18.51 113.37+17.38* 43.77+13.19  35.66+14.18* 12.49+4.75  17.35+5.86* 13.12£3.55  17.51£2.41* 10.76£3.19  9.63+2.08"
B4 4 11 115291645 114.73+18.63* 45.73+14.37 36.72+15.28* 13.08+5.11  18.97+6.20* 12.43+4.13  17.32+3.22* 11.48+3.33  9.59+2.14°
F{g 0.776 5.189 1.227 8.769 0.337 9.991 0.603 8.116 1.442 8.994
Plg >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05
. 5 Bl 4, P <0.05
R 6 CHUAE PEEP % Wi 5K A5 WFIR I EARFRLLEL (% %)
Table 6 Comparison of respiratory mechanical index in patients with different PEEP of C group before and after pulmonary reexpansion
o _- @gﬁ{( ml) Csiml/cm H,0) PE’( em H,0) P;ilLat(cm H,0) Iir:( em H,0)
IBZEI ik G B2k ik B 23K Wik ik i B2k 23k i Wik
Cl4 11 117.83+13.28 85.52+14.35 44.19+11.35 24.61+13.24 11.38+3.62  23.48:4.51  13.44:3.28  22.57:4.19 11.03:2.87  13.86+3.04
Q4 11 118.64£17.27 113.49+18.36* 45.24+13.39 35.35+14.48* 12.93+7.14  17.46+8.39* 12.87+2.76  17.74£3.02* 10.98 +3.31 8.32£4.25"
C34 11 119.82£18.55 112.71+19.44* 46.28+15.71  36.39 +16.80* 11.55+8.07  16.72+9.26* 12.88+3.91  17.55+4.72* 11.27+2.85  9.48+3.73*
C44 11 118.99£17.70 113.80 +18.41* 45.27+16.11  34.32+17.38* 12.36+7.52  17.92+8.43* 11.90+3.31  18.01£2.21* 11.38+3.57  9.77+2.46"
F 0.907 10.038 1.220 11.338 0. 664 11.773 1.094 12.751 1177 4.882
P{H >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.03 <0.05 >0.05 <0.05

H: 5 Cl 41, P <0.05

RT AR PEEP B0l 5 5K A5 ML 3 1 2448 AR LA (% +5)

Table 7 Comparison of hemodynamic index in patients with different PEEP of A group before and after pulmonary reexpansion

i il » :[R(‘(}(/min) A ‘ jAI’(mm Hg) » A y(EVP(mm Hg) ‘ CIFL:}lin’I . (mz) ’1]
i i WS sk fe i i % %S5 i KA 5 %S5 i i Wi kM5
Al 4 11 88.64 £11.23 90.39£12.32 11.34£3.27 12.03+4.16 8.71+1.17 9.27+2.06 2.66 +0.54 2.71£0.43
A2 4] 11 87.91£12.24 93.18 £13.13*  11.46£4.29 15.11 £3.28% 8.92+2.44 13.66 +3.55¢ 2.78 £0.91 3.08 £0. 84"
A4 11 88.1714.72 94.24 £14.65%  11.62+4.48 15.61 £5.57% 8.38+£3.16 14.19 £4. 08" 2.68+0.77 3.16 £0.87*
M4y 11 89.10  14.08 102.80 £15.17* 11.39£3.66 24.37£2.54* 8.35£2.9%4 13.24 £3.85% 2.57+0.64 3.11£0.79*
F{H 1.227 7. 146 0.114 8. 117 1. 147 10. 669 0.775 4.198
P >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05

T HR =03, PAP = FHIiZhIkE, CVP=rhORIIKE, Cl=0NHEEG: 5 AL 414, P <0.05; 5 A4 41104, P <0.05
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%8  BYIA PEEP BF M KATE MRS A8 hR LA (7 £5)
Table 8 Comparison of hemodynamic index in patients with different PEEP of B group before and after pulmonary reexpansion
| il J{R( JX/min) i’AP(mm Hg) j\*’P(mm Hg) CI[L;min “e?) Y
K i i K f i 5 ik f i S i K S5 it 5 i K f

Bl 4 11 88.65+11.23 90.21 £14.15 11.33£3.12 13.14£5.52 8.73:1.17 9.383.17 2.62:0.54 2.80£0. 64
B4 11 87.92£12.24 93.53£16.18%>  11.43£4.22 16.27 +4.93% 8.87+2.44 14.63 £2.79* 2.73£0.91 3.12£0.48%
B34 11 88.18 £14.72 94.17£15.16®  11.61 £4.42 15.89 +3. 68 8.34£3.16 13.82£3.68¢ 2.65:0.77 3.250.77*
B4 4 11 89.11 £14.08 103.46 +13.52° 11.34£3.61 23.74 £4.19° 8.39£2.94 14.13 £2.76* 2.51+0.64 3.23£0.59*
Ffg 0.338 5.127 1.007 6.342 0.663 6.513 0.809 8. 147
P4 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05

TE: 5 BLAILHAER, P <0.05; 5 B4 41H4E, P <0.05

x9 CHUAR PEEP &M 5K i M S A 18R AR (7 +s)

Table 9 Comparison of hemodynamic index in patients with different PEEP of C group before and after pulmonary reexpansion

a3 - :[R(?ﬁ’\/min) _ jAP(mmHg) fVP(mmHg) _ CI[L;‘min’l - (m?) ’l]‘
5 3 i 53k it 3k i )5 it 53k T3k fE i 3 i I3k
Cl4 11 88.77+11.23 91.38 +13.26 11.31£3.12 12.87 £5.49 8.39+1.17 9.66+2.84 2.67+0.54 2.82+0.76
Q4 11 87.49+12.24 94,58 £14. 1% 11.40 +4.22 14. 18 £6.35% 8.96+2.44 13.52 £4.29* 2.76 £0.91 3.26 +£0.57*
34 11 88.36 +14.72 95.02 £12.76* 11.45+4.82 15.82£7.70 8.45+3.16 14.03 +3. 88 2.65+0.77 3.14 £0.95°
C44 11 89.17 +14.08 101.75 £13.62% 11.88 +3.61 23.66 +7.42% 8.24+2.94 13.91 £4.24° 2.58 +0. 64 3.28 +0.22°
F A 1.231 7.198 0. 065 3.879 0. 766 8.476 0.419 5.183
Py >0.05 <0.05 >0.05 <0.05 >0.05 <0.05 >0.05 <0.05

TE: 5 Cl4H#,*P <0.05; 5 C4 21 14%:, P <0.05

3 itig

ARDS & — fft ™ T [ 2Pk Il 951 05, %6 JE % 5 ik
70% , HEHC I DA 3 B O {15 40 0 22 0k 4 2 i 5238
I R FE Fe ], ARDS St 7805 B A JH 27 R A0F S oy it b
2 0B A0 L 1A 0 4B 005 5 | R A 96 v S K e, 2
LA B A0 B4 00 7T 5 B 2 Fh A PR B A R R R T,
w0 FAT, KR YA IT ARDS 175 8
%, BEAAT 07 A R A A RN
A NARFEI T 5 BRILZ AN, TRk B
WeRIT i . B K 25 TR B W 3 O T B S A
J7 7 AT R ARDS SBF I RIT Ak . TSR, B
HURR I A5 2 Y 8 R 52 3, A2 K B R I R A I
ARDS [ ¥ 6, 35 5 AR AR (5 25 I3 10 e 3 T 7 0T
T, A R S/ LI A, T 3 D R
FIRT, 6 PR B R 3K k8 %, ORI AR, H.
IS ORI 52 Z AP 2 2, W ARDS Ji &0 . i
GireE AL %, EESH IR Z AP RIN A, ST K&
PVC Sl B 2 MR A2 3k o7kt 1 gt
WFFE 2 s, SR A2k 3% ARDS f % S 2RI 5 M
WSt hR; TR BT RS RER, PVC REA Ak
# ARDS (R A, (HAR I A2 9K s B [8) P I 3 3
PIES) S5 LN

I RBIFFE Fe B, LB ot v 2 i R 20T 508
FEMNWYIE L, T ARIEESOR, 5O B R

Ry ANH] AP B b, H B R E B IE S M)
e A R SR RE, B e Ml AL 2 B ECIR A
HAERFIE T, R T 5 208 B B0 i &
SRR TR . MENDES %™ By 45 1 EBOR,
R AT N il S AR . BRI, WS R 4h T M
=K QEDR G E S Y T TRUN 6 TR N &3 = [ ]
fit, KLINGENBERG 45" W5y 4 5 s, SI iy PEEP %y
35 ~45 em H,0 HF4E 30 s g7 80080E B A A bk
oL, BN M, B A GE RN AIE PEEP [
ST i il 5 TR BCR AN, ARG | 76 LU AN [A] PEEP [y SI
X ARDS (8 1 B J5 il A2 sk s, DAER - ST Y
HEAGEE T .

ARG R ER, A4, BAM C 4 BEHEWRERG
Sa0, ., Pa0,, PaCO,, & &85 M i & FL. Cst, PIP,
Pplat, Pm [A] L2 55 A 4. B 4 M C AR EWRG
Sa0, . PaO, . S &8 %, Cst ML F W B 7, PaCo,,
PIP, Pplat, Pm ¥ FUREEAT, il 25 FR /N T IR HT,
PR G R 8 AT A A5 4%, LA A% AR S W B R
JokK, RUFREER BN, MEKE, A2, A3, A4 4H
FIAEKT A1 4, Cst 5T Al 4, PIP, Pplat, Pm
iR F AL 4; B2, B3, B4 4B HMIAFIRT Bl 41, Cst
2T Bl 41, PIP, Pplat, Pm £ T Bl 41; 2. C3. C4
HEBEMAERKT CL 4, CstmT ClL 4, PIP, Pplat,
Pm fili T C1 4, 4275 PEEP i 35, 40, 45 ecm H,0 B,
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SIBEA ALk 3% ARDS & MR Jy7f . A5 RIE R

N, MR RKIE A2, A3 A4 41 HR, PAP, CVP K&

ClET Al 4, A4 40 HR il PAP & T A2, A3 4;

B2. B3. B4 41/ #% HR. PAP. CVP J% CI & F Bl 41,

B4 4% HR Fl PAP &5 F B2, B3 4]; C2. C3. C4 4

B HR, PAP, CVP & CI 5 F Cl 41, C4 4% HR

1 PAP = F C2, C3 4, #&/5 PEEP 25 35, 40 em H,0

i, SIBEA R ARDS [ L sh J15 .

25 BRTIA, U PTEE  , E 5 A
5% 9% i K g6 %; PEEP 4 35, 40 ¢cm H,O B, SI X
ARDS & RIS SRSOR E4F, HZ VR .

PEA TTRR: AP AT LF MG S B, EE®
L3 RARHATH L0 e 5 TAT RS, LR G
e BIMARSATHIRR SR . R AT, AT
BT R FE L IEIT; EMF R T X T O R TR AF
B, XFERGT, BEEE,

REHEH R,
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