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Abstract .

ensure adequate oxygenation and minimal ventilator-associated lung injury. Non-invasive ventilation should be cautiously

The goal of mechanically ventilating patients with acute respiratory distress syndrome ( ARDS) is to

used in patients with ARDS. Protective ARDS mechanical ventilation strategies with low tidal volumes can reduce mortality.
Driving pressure is the most reasonable parameter to optimize tidal volume. Available evidence does not support the routine
use of higher positive end expiratory pressure (PEEP) in patients with ARDS. The optimal level of PEEP may be titrated
by the inflection point obtained from static pressure-volume curve. Promising therapies include prone position ventilation,
high frequency oscillatory ventilation and extracorporeal membrane oxygenation as salvage treatment. While mechanically
ventilating, it is also important for ARDS patients to maintain spontaneous breathing via assisted ventilation mode such as
bilevel positive airway pressure, pressure support ventilation and neurally adjusted ventilation assist. Exogenous surfactant,

inhaled nitric oxide, bronchodilators, airway pressure release ventilation and partial liquid ventilation are not recommended

therapies.
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> 14 em H,O%0FF B AXMETLERR, Sa0, /5 <85% ;
A > 6 mL/kg HAGE -G >30 em H,0 5&fF
T, pH {EAT <7.25, HFOV {3 K GEA A K1
FE R IE IR SEPE A SR RIS
3.2 {FIMEREEARTES CO, FHRITA

1$ﬁl\ﬂ§’§%?§7k ( extracorporeal membrane oxy-
genation, ECMO) FA2% .0 BYF0 0 S M fifi A 1 2, 32 22
Ak - Sk ECMO Fig ik - # ik ECMO, fig ik
A CO, THBR, B I A8 S A5 iR, 45k
A AR SUHGE 1990 ~ 2010 43 44824 fii] /B 3
Hiz % ECMO JAJ7, H v ARDS JL % f7 % %
549, 2009 4FH HLIE S LS ECMO 97 A
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BHGEA B LI HUABGHE AL 2P , 183200 UL
AR, A BTSSR, B —E Wil R4 R
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TR, ARDS BUR R A 2GS o

(& % X ]

Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Cald-
well E, Fan E, et al. Acute respiratory distress syndrome: the
Berlin Definition[ J]. JAMA, 2012, 307(23) . 2526-2533.

Zhan Q, Sun B, Liang L, Yan X, Zhang L., Yang J, et al. Early
use of noninvasive positive pressure ventilation for acute lung inju-
ry: a multicenter randomized controlled trial[ J]. Crit Care Med,
2012, 40(2) : 455460.

Agarwal R, Aggarwal AN, Gupta D. Role of noninvasive ventila-
tion in acute lung injury/acute respiratory distress syndrome: a
proportion meta-analysis[ J]. Respir Care, 2010, 55(12) ; 1653-
1660.

Matthay MA, Ware LB, Zimmerman GA. The acute respiratory
distress syndrome[ J]. J Clin Invest, 2012, 122(8) : 2731-2740.
AR R SR R oy SN S IR B SR B AE
LSRR R (2006) [T]. A AR K, 2007,46(5)
430-435.

Rocco PR, Dos SC, Pelosi P. Pathophysiology of ventilator-associ-
ated lung injury[ J]. Curr Opin Anaesthesiol, 2012, 25(2) ; 123-
130.

Parsons PE, Eisner MD, Thompson BT, Matthay MA, Ancuk-
iewicz M, Bernard GR, et al. Lower tidal volume ventilation and
plasma cytokine markers of inflammation in patients with acute
lung injury[J]. Crit Care Med, 2005, 33(1): 1-6.

[8] 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.

- 499 -



4515 55 6 P E SRR E Vol. 15 No.6
2013 46 H Chin J Contemp Pediatr Jun. 2013
[9] Putensen C, Theuerkauf N, Zinserling J, Wrigge H, Pelosi P. SD, et al. Higher vs lower positive end-expiratory pressure in pa-

[10]

(11]

[12

[

[13

[

[14]

[15]

[19

[

[20]

[21]

[22]

[23]

[24]

[25]

Meta-analysis: ventilation strategies and outcomes of the acute re-
spiratory distress syndrome and acute lung injury[ J]. Ann Intern
Med, 2009, 151(8): 566-576.

Burns KE, Adhikari NK, Slutsky AS, Guyatt GH, Villar J, Zhang
H, et al. Pressure and volume limited ventilation for the ventilato-
ry management of patients with acute lung injury: a systematic re-
view and meta-analysis[ J]. PLOS ONE, 2011, 6 (1) el4623-
€14636.

Peck MD, Koppelman T. Low-tidal-volume ventilation as a strate-
gy to reduce ventilator-associated injury in ALI and ARDS[J]. J
Burn Care Res, 2009, 30(1): 172-175.

Randolph AG. Management of acute lung injury and acute respira-
tory distress syndrome in children[ J]. Crit Care Med, 2009, 37
(8):2448-2454.

Miller MP, Sagy M. Pressure characteristics of mechanical ventila-
tion and incidence of pneumothorax before and after the implemen-
tation of protective lung strategies in the management of pediatric
patients with severe ARDS[J]. Chest, 2008, 134(5) : 969-973.
Terragni PP, Del SL, Mascia L, Urbino R, Martin EL, Birocco
A, et al. Tidal volume lower than 6 ml/kg enhances lung protec-
tion; role of extracorporeal carbon dioxide removal[ J]. Anesthesi-
ology, 2009, 111(4): 826-835.

Barbas CS, Matos GF, Amato MB, Carvalho CR. Goal-oriented
respiratory management for critically ill patients with acute respira-
tory distress syndrome [ J]. Crit Care Res Pract, 2012, 12(1)
1-13.

Gattinoni L, Caironi P. Refining ventilatory treatment for acute
lung injury and acute respiratory distress syndrome[ J]. JAMA,
2008, 299(6) : 691-693.

Duff JP, Rosychuk RJ, Joffe AR. The safety and efficacy of sus-
tained inflations as a lung recruitment maneuver in pediatric inten-
sive care unit patients[ J]. Intensive Care Med, 2007, 33(10) .
1778-1786.

Hodgson CL, Tuxen DV, Davies AR, Bailey MJ, Higgins AM,
Holland AE, et al. A randomised controlled trial of an open lung
strategy with staircase recruitment, titrated PEEP and targeted low
airway pressures in patients with acute respiratory distress syn-
drome[ J]. Crit Care, 2011, 15(3): R133-R142.

Spieth PM, de Abreu MG. Lung recruitment in ARDS; we are still
confused, but on a higher PEEP level[ J]. Crit Care, 2012, 16
(1): 108-109.

Gattinoni L, Caironi P, Cressoni M, Chiumello D, Ranieri VM,
Quintel M, et al. Lung recruitment in patients with the acute re-
spiratory distress syndrome[ J]. N Engl J Med, 2006, 354(17) .
1775-1786.

Fan E, Wilcox ME, Brower RG, Stewart TE, Mehta S, Lapinsky
SE, et al. Recruitment maneuvers for acute lung injury: a system-
atic review[ J |. Am J Respir Crit Care Med, 2008, 178 (11)
1156-1163.

Meade MO, Cook DJ, Guyatt GH, Slutsky AS, Arabi YM, Cooper
DJ, 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: a randomized
controlled trial[ J]. JAMA, 2008, 299(6) : 637-645.

Mercat A, Richard JC, Vielle B, Jaber S, Osman D, Diehl JL, et
al. Positive end-expiratory pressure setting in adults with acute
lung injury and acute respiratory distress syndrome: a randomized
controlled trial[ J]. JAMA, 2008, 299(6) : 646-655.

Brower RG, Lanken PN, Maclntyre N, Matthay MA, Morris A,
Ancukiewicz M, et al. Higher versus lower positive end-expiratory
pressures in patients with the acute respiratory distress syndrome
[J]. N Engl J Med, 2004, 351(4) : 327-336.

Briel M, Meade M, Mercat A, Brower RG, Talmor D, Walter

[27]

tients with acute lung injury and acute respiratory distress syn-
drome: systematic review and meta-analysis[ J]. JAMA, 2010,
303(9) : 865-873.

Putensen C, Theuerkauf N, Zinserling J, Wrigge H, Pelosi P.
Meta-analysis ; ventilation strategies and outcomes of the acute re-
spiratory distress syndrome and acute lung injury[ J]. Ann Intern
Med, 2009, 151(8) :566-576.

Dasenbrook EC, Needham DM, Brower RG, Fan E. Higher PEEP
in patients with acute lung injury: a systematic review and meta-

analysis[ J]. Respir Care, 2011, 56(5) :568-575.

[28] Guerin C. The preventive role of higher PEEP in treating severely

[29]

[30]

[31]

[32]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

- 500 -

hypoxemic ARDS[J]. Minerva Anestesiol, 2011, 77(8) :835-845.
Amato MB, Barbas CS, Medeiros DM, Magaldi RB, Schettino
GP, Lorenzi-Filho G, et al. Effect of a protective-ventilation strat-
egy on mortality in the acute respiratory distress syndrome[ J]. N
Engl J] Med, 1998, 338(6) :347-354.

Villar J, Kacmarek RM, Perez-Mendez L., Aguirre-Jaime A. A
high positive end-expiratory pressure, low tidal volume ventilatory
strategy improves outcome in persistent acute respiratory distress
syndrome: a randomized, controlled trial [ J]. Crit Care Med,
2006, 34(5) :1311-1318.

Kallet RH, Branson RD. Respiratory controversies in the critical
care setting. Do the NIH ARDS Clinical Trials Network PEEP/
FIO, tables provide the best evidence-based guide to balancing
PEEP and FIO, settings in adults[ J]. Respir Care, 2007, 52
(4):461475.

Curley MA, Hibberd PL, Fineman LD, Wypij D, Shih MC,
Thompson JE, et al. Effect of prone positioning on clinical out-
comes in children with acute lung injury: a randomized controlled
trial[J]. JAMA, 2005, 294(2) . 229-237.

Taccone P, Pesenti A, Latini R, Polli F, Vagginelli F, Mietto C,
et al. Prone positioning in patients with moderate and severe acute
respiratory distress syndrome: a randomized controlled trial [ J].
JAMA, 2009, 302(18) :1977-1984.

Gattinoni L, Carlesso E, Taccone P, Polli F, Guerin C, Mancebo
J. Prone positioning improves survival in severe ARDS: a patho-
physiologic review and individual patient meta-analysis[ J]. Mi-
nerva Anestesiol, 2010, 76(6) : 448-454.

Abroug F, Ouanes-Besbes L, Dachraoui F, Ouanes I, Brochard
L. An updated study-level meta-analysis of randomised controlled
trials on proning in ARDS and acute lung injury[ J]. Crit Care,
2011, 15(1): R6-RI15.

Roche-Campo F, Aguirre-Bermeo H, Mancebo J. Prone positio-
ning in acute respiratory distress syndrome ( ARDS): when and
how? [J]. Presse Med, 2011, 40(12 Pt2) . €585-e594.

Ali S, Ferguson ND. High-frequency oscillatory ventilation in
ALI/ARDS[ J]. Crit Care Clin, 2011, 27(3) . 487-499.

Sud S, Sud M, Friedrich JO, Meade MO, Ferguson ND, Wunsch
H, et al. High frequency oscillation in patients with acute lung in-
jury and acute respiratory distress syndrome ( ARDS) : systematic
review and meta-analysis [ J ]. BMJ, 2010, 340 (1) ¢2327-
c2338.

Ip T, Mehta S. The role of high-frequency oscillatory ventilation in
the treatment of acute respiratory failure in adults[ J]. Curr Opin
Crit Care, 2012, 18(1): 70-79.

Cheifetz IM. Pediatric acute respiratory distress syndrome[ J]. Re-
spir Care, 2011, 56(10) : 1589-1599.

Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E,
Thalanany MM, et al. Efficacy and economic assessment of con-
ventional ventilatory support versus extracorporeal membrane oxy-
genation for severe adult respiratory failure (CESAR) ; a multicen-
tre randomised controlled trial[ J]. Lancet, 2009, 374 (9698 ) .

1351-1363.



55 15 545 6 1) ¥ E SR ILA R E Vol. 15 No. 6
2013 46 H Chin J Contemp Pediatr Jun. 2013
[42] Davies A, Jones D, Bailey M, Beca J, Bellomo R, Blackwell N, [58] Spieth PM, Carvalho AR, Guldner A, Kasper M, Schubert R,

[44]

[49]

[51]

[52]

[54]

[55]

[56]

[57]

et al. Extracorporeal membrane oxygenation for 2009 influenza A
(HINI) acute respiratory distress syndrome[ J]. JAMA, 2009,
302(17) : 1888-1895.

Turner DA, Rehder KJ, Peterson-Carmichael SL, Ozment CP, Al-
Hegelan MS, Williford WL, et al. Extracorporeal membrane oxy-
genation for severe refractory respiratory failure secondary to 2009
HINI influenza A[ J]. Respir Care, 2011, 56(7) : 941-946.
Zabrocki LA, Brogan TV, Statler KD, Poss WB, Rollins MD,
Bratton SL. Extracorporeal membrane oxygenation for pediatric re-
spiratory failure: Survival and predictors of mortality[ J]. Crit Care
Med, 2011, 39(2) : 364-370.

BOMRT, XA, BRIGE AR, B0 3, B e PRSP A
XoF RN SR 8 25 A I R R USSR B 252 5 A [0 ]
[E /& TG B B2 2, 2012 ,24(2) £ 78-82.

Brodie D, Bacchetta M. Extracorporeal membrane oxygenation for
ARDS in adults[ J]. N Engl J Med, 2011, 365 (20): 1905-
1914.

Terragni PP, Birocco A, Faggiano C, Ranieri VM. Extracorporeal
CO, removal[ J]. Contrib Nephrol, 2010, 165(1) : 185-196.
Brown JK, Haft JW, Bartlett RH, Hirschl RB. Acute lung injury
and acute respiratory distress syndrome; extracorporeal life support
and liquid ventilation for severe acute respiratory distress syndrome
in adults[ J]. Semin Respir Crit Care Med, 2006, 27 (4) . 416-
425.

McMullen SM, Meade M, Rose L, Burns K, Mehta S, Doyle R,
et al. Partial ventilatory support modalities in acute lung injury and
acute respiratory distress syndrome-a systematic review[ J]. PLOS
ONE, 2012, 7(8) : ¢40190-40199.

Xia J, Sun B, He H, Zhang H, Wang C, Zhan Q. Effect of spon-
taneous breathing on ventilator-induced lung injury in mechanically
ventilated healthy rabbits; a randomized, controlled, experimental
study[ J]. Crit Care, 2011, 15(5) ; R244-R258.

de Abreu MG, Guldner A, Pelosi P. Spontaneous breathing activi-
ty in acute lung injury and acute respiratory distress syndrome[ J].
Curr Opin Anaesthesiol, 2012, 25(2) . 148-155.

Rawat J, Sindhwani G, Biswas D, Dua R. Role of BiPAP applied
through endotracheal tube in unconscious patients suffering from
acute exacerbation of COPD; a pilot study[ J]. Int J Chron Ob-
struct Pulmon Dis, 2012, 7(1) : 321-325.

EmeZ, ARR, mfe, 2RE, MK, ThE KT
TEBCA UK IE 3l <5 /N AR UG iR T S
BEZEEMELT]. ARG A, 2007, 30(1) :44-47.
Daoud EG, Farag HL, Chatburn RL. Airway pressure release ven-
tilation; what do we know? [J]. Respir Care, 2012, 57(2):
282-292.

Sundar KM, Thaut P, Nielsen DB, Alward WT, Pearce MJ. Clin-
ical course of ICU patients with severe pandemic 2009 influenza A
(HINL) pneumonia: single center experience with proning and
pressure release ventilation[ J]. J Intensive Care Med, 2012, 27
(3): 184-190.

Maung AA, Kaplan LJ. Airway pressure release ventilation in
acute respiratory distress syndrome[ J]. Crit Care Clin, 2011, 27
(3):501-509.

Gonzalez M, Arroliga AC, Frutos-Vivar F, Raymondos K, Esteban
A, Putensen C, et al. Airway pressure release ventilation versus
assist-control ventilation: a comparative propensity score and inter-
national cohort study [ J]. Intensive Care Med, 2010, 36(5):
817-827.

[59]

[o1]

[62]

[63]

[64]

[65]

[66]

[70]

[71]

Carvalho NC, et al. Pressure support improves oxygenation and
lung protection compared to pressure-controlled ventilation and is
further improved by random variation of pressure support[ J]. Crit
Care Med, 2011, 39(4): 746-755.

Yoshida T, Uchiyama A, Matsuura N, Mashimo T, Fujino Y.
Spontaneous breathing during lung-protective ventilation in an ex-
perimental 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.

SRR, B, B, XM, XU, BRSSP is
Bl D3 O A IR R T 30 R A A A LI 25 B
[J]. haegEm fnemg 2=, 2009, 32(7) : 508-512.

MAY, EIX, EHR, BB B B A R AL
PEREA I ARDS B g BT ], E i B2 4 R
A, 2011,17(5) :479-481.

Willson DF, Thomas NJ, Markovitz BP, Bauman LA, DiCarlo
JV, Pon S, et al. Effect of exogenous surfactant ( calfactant) in
pediatric acute lung injury: a randomized controlled trial [ J].
JAMA, 2005, 293(4) : 470-476.

Meng H, Sun Y, Lu J, Fu S, Meng Z, Scott M, et al. Exogenous
surfactant may improve oxygenation but not mortality in adult pa-
tients with acute lung injury/acute respiratory distress syndrome: a
meta-analysis of 9 clinical trials[ J]. J Cardiothorac Vasc Anesth,
2012, 26(5) :849-856.

Raghavendran K, Willson D, Notter RH. Surfactant therapy for
acute lung injury and acute respiratory distress syndrome[ J]. Crit
Care Clin, 2011, 27(3) : 525-559.

Afshari A, Brok J, Moller AM, Wetterslev J. Inhaled nitric oxide
for acute respiratory distress syndrome and acute lung injury in
adults and children; a systematic review with meta-analysis and
trial sequential analysis [ J]. Anesth Analg, 2011, 112 (6):
1411-1421.

Matthay MA, Brower RG, Carson S, Douglas IS, Eisner M, Hite
D, et al. Randomized, placebo-controlled clinical trial of an aero-
solized beta(2) -agonist for treatment of acute lung injury[ J]. Am
J Respir Crit Care Med, 2011, 184(5) : 561-568.

Puri N, Dellinger RP. Inhaled nitric oxide and inhaled prostacyc-
lin in acute respiratory distress syndrome: what is the evidence
[J]. Crit Care Clin, 2011, 27(3) : 561-587.

Spieth PM, Carvalho AR, Guldner A, Kasper M, Schubert R,
Carvalho NC, et al. Pressure support improves oxygenation and
lung protection compared to pressure-controlled ventilation and is
further improved by random variation of pressure support[ J]. Crit
Care Med, 2011, 39(4) . 746-755.

Zhao Z, Steinmann D, Frerichs I, Guttmann J, Moller K. PEEP
titration guided by ventilation homogeneity: a feasibility study
using electrical impedance tomography[ J]. Crit Care, 2010, 14
(1): R8-RI16.

Talmor D, Sarge T, Malhotra A, ODonnell CR, Ritz R, Lisbon
A, et al. Mechanical ventilation guided by esophageal pressure in
acute lung injury [ J]. N Engl J Med, 2008, 359 (20) : 2095-
2104.

Stefanidis K, Dimopoulos S, Tripodaki ES, Vitzilaios K, Politis
P, Piperopoulos P, et al. Lung sonography and recruitment in pa-
tients with early acute respiratory distress syndrome: a pilot study

[J]. Crit Care, 2011, 15(4) : R185-R193.

(AR SC B AR )





