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1. DAl CUONG

at nglr:

 Thu thuat tai huy déng phé nang hodc
Tha thuat mé phbi

R

« C
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ecruitment maneuver: RM

nién lwoec théng khi mé phoi
pen lung approach: OLA
nen lung strategy




DAl CUONG

Thu thuat tai huy ddng phé nang (RM) la thu
thuat lam gia tang ap lwc xuyén phdi tam thoi,
v&i muc tiéu 1a m& nhirng phé nang khdng duoc
thong khi hoac thong khi kem

Ap lvc xuyén phdi = ap lwc phé nang - ap lwc mang phdi

Total Lung Capacity [%)]

30
R=0% Pressure [ecmH 0]

Pelosi P et al, Am J Respir Crit Care Med 2001, 164:122-130



DAl CUONG

Open up the lung and keep the lung open

B. Lachmann

Department of Anesthesiology, Erasmus University Rotterdam, The Netherlands
Intensive Care Med (1992) 18:319-321

Chién lwgc thédng khi mé& phdi (OLA) bao gém 2 giai
doan:
1. Mé& phdi “open collapsed lung”™: thwc hién thu

thuat tai huy déng phé nang (RM) dé m& cac phé
nang bi xep.

2. Gi cho phbimé keep it open”: sau khi m¢ phoi,
glam dan PEEP dé tim PEEP “toi wu”, cai dat
muc PEEP nay cho bn sau thu thuat de ngan phé
nang bi xep tr¢ lai.

=> Cai thién OXY mau dong thdi gidm tén thuwong
phdi do thd may (VILI)



DAl CUONG

RM, OLA l1a mdt trong nhirng van dé gay nhiéu
tranh cai nhat trong thong khi bn ARDS

Pac biét sau khi két qua nghién ctru ART cho
thay nhém bn st dung OLA c¢6 ti 1é tlr vong cao
hon nhdm bn s dung PEEP thap theo bang
PEEP/FiO, cua ARDS Network.



2. CO SO CUARM
1. Bac diém cla phdi trong ARDS

v' Ngoai tinh trang ngap dich phu va TB viém, phé nang
bi xep do

«  Gidm s6 lwong va chat lwong surfactant

« Tang ap lwc md ké phdi

 Trong lwong cua phdi

tinh trang nay co6 thé gia tang b&i nhiéu yéu to:

Tang ap lwc 6 bung FiO, cao
Béo phi Ngat may thé tam thoi,
hut dam.

v Phé nang b Xep co thé phong len khi tang ap lwc phé
nang, chinh xac hon 1a tdng ap lwc xuyén phoi.

Guerin et al, Annals of intensive care 2011, 1:9



Pac diém cla phdi trong ARDS
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CO SO CUARM

2. Khai niém COP (Critical Opening Pressure)
(critical: tol han)
« Néu ap lwc phé nang I&n hon COP sé mé duoc
cac tiéu phé quan va phé nang bi xep.
« Ap lwc nay tuy thudc vao co ché xep va vij tri cla
phé nang, co thé dén 60cmH,O

Guerin et al, Annals of intensive care 2011, 1:9



Spectrum of Regional Opening Pressures
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Ap lwc m& phoi (opening presure)
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Opening pressure =
compressive forces (10-15 cmH,0) +
surface tension (15-20 cmH,0) +
chest wall (5-10 cmH,0)
= # 30-45 cmH,0

Gattinoni L et al. Ann Transl Med 2017;5(14):288



Ap lwvc mé phoi (opening presure)
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Ap lvc mé phdi (dwdng ké mau dd): mic ap luc
45 cmH,O da huy ddong (m&) phan I&n cac phé
nang co thé huy déng, con 2 - 3% can muc ap lwc
cao hon 45 - 60 cmH.,0

Gattinoni L et al. Ann Transl Med 2017;5(14):288



Ap lwec m& phéi (opening presure)

NC 33 bn ARDS:

5 nhe

10 trung binh

9 nang co ECMO

9 nang knbng ECMO
danh gia mwc do huy dong
phé nang bang CT scan

Recruited lung tissue (g)
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Fig. 1 Arepresentative CT scan—pressure curve in a patient with
severe ARDS. The shown CT scans are taken at hilum at 5 cmH,0O

45

NC cho thay dé huy dong phan I&n cac phé nang, can ap

lwc m& phoi
« 30 cmH,O & bn ARDS nhe

e 30-45cmH,0 & bénh nhan ARDS trung binh va nang

Cressoni M et al. Intensive Care Med 2017:43:603-611




CO SO CUARM

3. Pay la mét thu thuat co loi

Gia tang thé tich phoi dwgc thong khi, gidm

“strain” va hién twong phong — xep phé nang theo

chu ky

 Cai thién oxy mau

« Cai thién co hoc phdi: tang dd gian nd phdi,
giam ap Iwc binh nguyén dudng thd, giam ap luwc
day (driving pressure)

» Giam ton thwong phdi do thd may (VILI)

Guerin et al, Annals of intensive care 2011, 1:9

Keenan JC et al, Curr Opin Crit Care 2014, 20:63 — 68



3. CACH THUC HIEN RM

* Sustained inflation (continuos inflation): bom
phong phoi keo dai

- Stepwise: bac thang, tdng dan PEEP hoéc
muc ap lwc dé ap lvc dwdng théd 40 — 50
cmH,0

Céac NC cho thay RM kiéu bac thang it tac dung
phu hon

Keenan JC et al, Curr Opin Crit Care 2014, 20:63 — 68



RM kiéu bom phong phdi kéo dai
(sustained inflation)

Cai CPAP 30 — 40 cmH,0 trong 30 — 40 giay

T ifp— ] ] BECT ——

CFPAP

A

Curr Opin Crit Care 2003; 9:22-27



Bom phong phdi kéo dai
(sustained inflation)

« CPAP 40cmH,0 trong 40 giay

. (Sau)thl] thuat cai PEEP 2cmH,0 trén diém udn duoi
LIP

Trwdce tha thuat Sau thu thuat

Tilé@ % phbixep  63%

Borges et al, Crit Care Med 2002, 9: 60-65



RM theo kiéu bac thang

Dung mode A/C kiém soat ap lwc, véi mirc ap
lwe 15 cmH,,0

1.

Tang dan PEEP dé ap luc dwdng théd 1&n dén
muwc cao nhat 40 — 50 — 60 cmH,0.

. Giam dan PEEP dé tim PEEP t6i wu (murc

PEEP c6 compliance cao nhat)



Céach thwe hién RM theo kiéu bac thang

Trwéce khi thwe hién thu thuat

» Phai 6n dinh huyét dong (dat catheter DM,
dwong truyén tinh mach trung tam)

* Cho bn ngu sau dén nguwng thé (cé thé dung
thém thubc gian co)

Kacmarek RM, Essensials of MV 2014, 183-184



Cach thwe hién RM theo kiéu bac thang

Thwc hién thu thuat PIP = 40 trong 1 - 3 phut
 Mode A/C thong khi ap lwc

* FIO, 100%

« Tan so thd: 8 — 20 / phut

* Thoi gian hit vao 1 — 3 giay

* Mutrc ap lwc P level 15¢cmH,,0 Ecis
 PEEP 25 -35cmH,0

* PIP 40 — 50 cmH,0O -
« Thoi gian: 1 — 3 phuat =10

Kacmarek RM, Essensials of MV 2014, 183-184



Céch thwe hién RM theo kiéu bac thang

Tim PEEP toi wu

» Sau dé cai PEEP 25cmH,0, A/C thdng khi thé
tich v&i Vt 4 — 6 ml/kg IBW, tang tan so, cha y
tranh autoPEEP

« Do dd gian n& dong cua phdi sau 3 — 5 phut

« Giam PEEP 2 cmH,0O

« Do dd gian n& dong cua phdi sau 3 — 5 phut

« Lap lai cho dén khi xac dinh dwgc mirc PEEP
ma dd gian nd phdi cao nhat

« PEEP t6i wu la mirc PEEP c6 dwoc dé gian né
cao nhat + 2cmH,0

Kacmarek RM, Essensials of MV 2014, 183-184



Cach thwc hién RM theo kiéu bac thang

Tim PEEP toi wu:
tim mirc PEEP ¢6 d6 gién n& cao nhat + 2 cmH,0

A/C, Vt 4-6 ml/kg, PEEP 25 cmH,0, do Compliance ddng sau 3 — 5 phat

PEEP 23, do Compliance dong sau 3 -5 phat
PEEP 21
PEEP 19
PEEP 17
PEEP 15
PEEP 13
PEEP 11



Céach thwe hién RM theo kiéu bac thang
Lap lai tha thuat mé& phoi va cai PEEP & murc
tim dwoc, sau dé chinh Vit dé Pplat < 30 cmH,0,
giam FiO, cho dén khi PaO, dat muc tiéu.

Néu bn dung nap v@&i thi thuat nhwng oxy mau
khéng hoac it cai thién, 1ap lai thu thuat voi
PEEP 30cmH,0, PIP 45¢cmH,0

Néu bn dung nap v@&i thi thuat nhwng oxy mau
khéng hoac it cai thién, 1ap lai thu thuat voi
PEEP 35cmH,0, PIP 50cmH,0

Ap lvc mé phdi toi da dwoc khuyén céo 1a
50cmH,0O

Kacmarek RM, Essensials of MV 2014, 183-184



RM theo

kiéu bac thang

Mode A/C thong khi &p lwc, tding PEEP moéi lan 5
cmH,0, thoi gian 2-5 phat/ 1an, PIP 40 - 60 cmH,,O

Stepwise Recruitment Strategy

Airway Pressures (cmH,0)

Amato 2005
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RM theo kiéu bac thang

Figure 3. Stepwise end-expiratory pressure (PEEP) recruitment manuever and PEEP titration during noninvasive ventilation in acute
respiratory distress syndrome

VENTURI MASK-
FlO2=50% "

Important recruitment of the lung parenchyma obtained during noninvasive ventilation in a patient with ARDS.

Amato M, Current Opinion in Critical Care 2005, 11:18-28



RM theo kiéu bac thang

Figure 9. Positive end-expiratory pressure (PEEP) titration at thoracic tomograph after stepwise PEEP recruitment menauevers (ex-
piratory pause)

A more open and homogeneous ARDS lungs after PEEP of 25 cmH20 and stepwise PEEP mcruitment manuever.

Amato M, Current Opinion in Critical Care 2005, 11:18-28



CAC CACH THUC HIEN KHAC
« PEEP 15cmH,0 va khoang ngwng thi hit vao 7
giay, 2 lan/phut trong 15 phat (cai pause)

Odenstedt et al, Intensive Care Med, 2005

« A/C théng khi ap lwc, tdng dan ap Iwc thi hit
vao 15-20-25 cmH,0 trén PEEP 15cmH,0

Rzezinski et al, Respir Physiol Neurobiol 2009, 169(3):271-281



PCV, tang murc ap lwc mbi 30 giay dé PIP 35, 40, 45
cmH,0.

Khi PIP 45 cmH,0O, tao end-inspiratory pause 30 giay.
Gidam murc ap lwc tirng bwac moéi 30 giay.

I/E ratio 1:1, tan s thé, PEEP and FiO, khong dbi suot TT.

End- mspratory pause
wdScem “:( )

|

PEEP }.‘
W 5

Rival et al, Crit care 2011

) PIP 45 cm H20 ]




PCV

Téng PEEP 4cmH,0 moi 3 phut cho dén PEEP t6i da 36

Giam dan PEEP 2cmH O moi 3 phut cho dén khi xac dinh dwoc
mdc PEEP mé phdi (do gian n& phdi cao nhat)

- 45
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Garcia et al, Med intensiva 2012, 36:77-88




4. HIEU QUA CUARM

Lower Percentage of Potentially Recruitable Lung

45Ermef water

Khong thanh cdng:
Ti lé phé nang duoc
huy dong thap sau
thu thuat

Thanh cong:
Tilé phé nang
duwoc huy dong
cao sau thu
thuat

CT Scan nguwc trw¢c va sau khi thuwe hién RM
Gattinoni et al, N Engl J Med 2006, 354:1775- 1786



HIEU QUA CUA RM
Cai thién oxy mau, cai thién co hoc hd hap tuy thudc

- Ban chat ton thuo’ng phdi (ARDS nguyén nhan tai
phdi hodc ngoai phoi)

PO nang cla ton thwong phoi

« Ap lwc xuyén phdi dat dwoc khi thwe hién tha thuat
« Cach thuwc hién thu thuat

« Mwrc PEEP cai sau thu thuat

 Tw thé bénh nhan (sap, ngira)

S dung thudc van mach

Pelosi et al, Critical Care 2010, 14:210-219



HIEU QUA CUA RM

/f‘ EXTRAPULMONARY ARDS PULMONARY ARDS \

HIGH ABDOMINAL PRESSURE PULMONARY ENDOTHELIUM ALVEOLAR EPITHELIUM
REDUCED TRANSPULMONARY INTERSTITIAL EDEMA ALVEOLAR EDEMA | | HIGH TRANSPULMONARY PRESSURE
PRESSURE
PREVALENCE OF ATELECTASIA PULMONARY CONSOLIDATION

K HIGH POTENTIAL OF ALVEOLAR RECRUITMENT LOW POTENTIAL OF ALVEOLAR RECRUITMENTJ

Sinh ly bénh va dap wng v&i TT trong ARDS nguy@n nhan tai phoi
va ARDS nguyén nhan ngoai phdi

Garcia et al, Revista Brasileira de Terapia Intensiva 2008:20:2:178-183



HIEU QUA CUA RM

Tw thé bénh nhan

» Tw thé nam sap cai thién oxy mau nhiéu hon
va giam nhu cau PEEP hon so voi khi lam tha
thuat & tw thé nam ngura.

» Tw thé nam sap lam gia tang ap lwc xuyén phoi
¢ vung lwng, dan déen mé phé nang va cai
thién oxy mau.

« Tw thé nam sap giam VILI




5. BIEN CHUNG CUA RM

f
Owverdistension

i VILI
| Cardiac output
| Da02

Alveolar Recruitment | |

[Pan2 _J

} VILI

T

Response to RM = Balance

'

Impact on patient outcome

Figure 1 Balance between benefits (left tray) and risks (right
tray] of the recruitment maneuvers. VL, ventilator-induced lung
injury; AM, recruitment maneuver; Dal2, ceygen transport.

Guerin C et al, Annals of Intensive Care 2011, 1:9



BIEN CHUNG CUA RM
%’)p[zphén gay ton thuwong phdi do thd may (VILI)
« Chuyén vj vi khuan va cytokin ttr phdi vao hé tuan
noan [3], [4]
Gay tut huyét ap do gidm lwong mau vé tim [5]
Giam oxy mau

Medscapes www.medscape.com

[1]. Tremblay LN, Intensive Care Med 2006, 32:24-33
[2]. Gattinoni L, Intensive Care Med 2005, 31:776-784
[3]. Cakar N, Crit Care Med 2002, 30:2103-2106

[4]. Halbertma FJ, J Crit Care 2009

[5]. Lim SC, Crit Care Med 2004, 32:2378-2384




BIEN CHUNG CUA RM

Recruitment Maneuvers for Acute Lung Injury, A Systematic Review

TABLE 5. ADVERSE EVENTS AMD MORTALITY

Acdverse Event or Cutcome Pre-Ré Durimg RM Post-RbdA 40 NC 1185 bn
’

Cardiovascular,™ mo. (%)

Cardiac arrest 0 ] #]
Arrhythimia 0 g1} 0
hyocardial ischemia/infarction 0 0 #]
Hypertension 0 0 ¥
Hypotension 0 114 {12} [#]
Other cardiovascular 0 24 (2] [#]
Respiratony,” no. (%)
Dresaturation 100 B2 (8) [#]
Barctrauma 0 91} 91
Refractory respiratony acidosis 0 0 0
Cither respiratorny 0 501} [#]
Other {noncardiovascular, nonrespiratoryg),” n (%) O 4 (1} [H]
Studies with no adverse events, 17 (287
A {no. of patients)
Studies that did not report adwerse events, o201y
n{no. of patients)
Rhds terminated due to adverse events, r (%o} 1017
Muortality,” n %) 157 (38)
Studies that did not report mortality, 20 (738)
n {no. of patients)
Definition of abbrevigtions: ICU = intensive care umit; RM = recruitment

ManeLUver.
* Adverse events were reported im 31 studies (%85 patients).
" Mortality was reported in 20 studies (409 patients).

Fan et al, Am J Respir Crit Care Med 2008, 178: 1156-1163



BIEN CHUNG CUA RM

Type of RM used N (%)

Sustained inflation 18 (45)
High pressure-controlled ventilation 9 (23)
Incremental positive end-expiratory pressure 8 (20)
High Vt/sigh* 4 (10)
Other 1(2)

40 NC, 1185 bn

(* 3 1an thé sau lién tiép voi ap lwc 45 cmH,0)

Fan et al, Am J Respir Crit Care Med 2008, 178: 1156-1163



BIEN CHUNG CUA RM

During |Post-
Adverse Event or Outcome

Cardiovascular,* no. (%)

Cardiac arrest 0 0 0
Arrhythmia 0 8 (1) 0)
Myocardial ischemia/infarction 0 0 0
Hypertension 0 0 0
Hypotension 0 114 (12) O
Other cardiovascular 0 24 (2) 0
Respiratory,* no. (%)
Desaturation 1 (0) 82 (8) 0
Barotrauma 0 9 (1) 9(1)
Refractory respiratory acidosis 0 0 0
Other respiratory 0 5(1) 0
RMs terminated due to adverse 10 (1)

events, n (%)

40 NC’ 1185 bn Fan et al, Am J Respir Crit Care Med 2008, 178: 1156-1163



BIEN CHUNG CUA RM

Complications From Recruitment Maneuvers in Patients With Acute Lung
Injury: Secondary Analysis From the Lung Open Ventilation Study

Table 2. Freguency and Timing of Complications From Eecrutment

Mancuvers
Frequency, Timing,
Complication no. (%) no. (%)
(m = 366)* (=7 dn
Bespiratory

Desaturation (5, <= 85%) 36 (100 32 (64)

Cardiowascular
Heart rate << 60 or > 140 beats/min 19(5) 10 (45)
Hypotension (mean artenial pressure A0¢11} FT (1)

<2 6l mm Hg)

MNew arrhythmia LY J(73)
Mew air leak through an existing chest tube 4141} 3(75)

* Frequency of comphications lrom redzuilmenl mascuviss & reporiod per patient. Palicnls
mey hzve experienced mare than one complication.

t Tisang of complecations [ram meruilsenl mascuvess are epofcd po oprsals, Poienlajoes
{in parcnlhescs) migresent proposieos oF botal complicalioss thal occweral within T &ays of
recruitment mazeuvess. Patiem may have experienced more than one complicetion per

cpirasic

Fan et al, Respir Care 2012, 57(11):1842-1849.



Complications From Recruitment Maneuvers in Patients
With Acute Lung Injury: Secondary Analysis From the Lung
Open Ventilation Study

Complication Frequency,

Desaturation 36 (10)
Hypotension 40 (11)
New arrhythmia 3 (1)

New air leak through an 4 (1)

existing chest tube

RM: applying continuous positive airway pressure of 40 cm H,O for 40
seconds, with FIO, of 1.0.

Fan et al, Respir Care 2012, 57(11):1842-1849.



eTable 1 - Lung Recruitment Maneuver and Titrated PEEP Levels

Lung Recruitment
Maneuver with PEEP

Characteristic Titration Group
(n=501)

Maximum alveolar recruitment maneuver, No. of events(%)
Completed (PEEP = 45 cmH20) 200 (39.9)
Completed (PEEP = 35 cmH20) 202 (40.3)
Interrupted at PEEP = 45 cmH,0 28 (5.6)
Interrupted at PEEP = 35 cmH,0 31(6.2)
Interrupted at PEEP = 30 cmH,0 2(04)
Interrupted at PEEP = 25 cmH,0 14 (2.8)
Interrupted at other PEEP levels 3(0.6)

Not attempted . . _ . 21(4.2) R M 501 bn
Neuromuscular blocking agent immediately before alveolar recruitment 470 (94.0) 8 (1 0/ )
_ 78 bn ngwng thu thuat (15%

maneuver, No. of events(%)

Volemia optimized before alveolar recruitment, No. of events (%) © 341 (89.7)
Reason for interrupting alveolar recruitment maneuver, No. of events (%) 730/0 dO tut HA
Heart rate <60bpm or >150bpm 2/78 (2.6)
Mean blood pressure <65mmHg or systolic blood pressure <90mmHg 57/78 (73.1) 20% do Spoz < 88%
SpO, <88% for longer than 30s 16/78 (20.5)
Other 3/78 (3.8)
Titrated PEEP, mean (SD), cmH,0 16.8 (3.8)
Recruitment maneuver repeated immediately after PEEP titration (on day
0), No. of events (%) 393 (78.4)
Recruitment maneuver repeated on days 1 to 7 — No./total No. (%)
No 314 (62.7)
Once 95 (19.0)
Twice 46 (9.2)
Three or more times 46 (9.2)

PEEP denotes positive end expiratory pressure. SpO2 denotes peripheral oxygen saturation.

* Volemia is considered optimized when fluids are administered before recruitment maneuver if dynamic signs of fluid
responsiveness are present (such as pulse pressure variation >13%) or central venous pressure < 10cmH20.

Supplementary Online Content. JAMA. doi:10.1001/jama.2017.14171
ART study group. JAMA. 2017;318(14):1335-1345.



CHONG CHI BDINH CUA RM

« Huyét ddéng khéng 6n dinh

« Tran khi mang phdi (chwa dan lwu hodc maéi xay
ra)

« Tran khi trung that

« Nguy co cao tran khi MP: phdi c6 kén
*Tang ap lwc ndi so

« Co that phé quan

- Twong dbi: BN ARDS thé may > 1 tuan thwdng
khéng dap trng v&i thu thuat

Guerin C et al, Annals of Intensive Care 2011, 1:9



6. Nghién ctru ART

_

JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of Lung Recruitment and Titrated Positive
End-Expiratory Pressure (PEEP) vs Low PEEP on Mortality
in Patients With Acute Respiratory Distress Syndrome

A Randomized Clinical Trial

Writing Group for the Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial (ART) Investigators

RCT, 120 ICU, 9 qudc gia, 11/2011 - 4/2017; 1010 bn
ARDS trung binh va nang

=501 bn can thiép: chién Iwoc théng khi mé phdi (OLA)

=509 bn trong nhém ching: VT thap (4-8 mL/kg PBW) va
PEEP thap

JAMA. 2017:318(14):1335-1345.



RM dwoc str dung trong nghién clru ART

A/C théng khi ap lwc,
P=15 cmH,0

Tang PEEP 25, 35, 45
cmH,O trong 4 phut,
sau do giam dan PEEP,
chon PEEP c6 dé gian
n& tinh cao nhat.

Sau dé mé& phbi lai va
cai PEEP da chon + 2

cmH,0.
Trial. ARDSnet 2012

- -

70 Lung New
recruitment recruitment

PEEP titration

i i
L1} 1 1

Airway pressure (cmH,0)

0 4 8 12 16 20 24 28 32

Time (minutes)
© Copyright Policy - open-access License

Figure 1: ART strategy: maximum alveolar recruitment maneuver associated with PEEP
titration.

Mentions: Summary of mechanical ventilation procedures in the ART strategy
groupvs. ARDSNet strategy group



PEEP/FIO, nhom chirng

Lower PEEP/higher FiO2

FiO, 03 104 (04 105 |05 |06 [0.7 |07
PEEr 5 5 8 8 10 10 10 12
FiO, 0:7 108 |09 |09 1909 |10

PEEP 14 14 14 16 18 18-24

Higher PEEP/lower FiO2

FiO> 03 103 (03 103 |03 |04 [04 |05
PEEP 5 8 10 12 14 14 16 16
FiO, 0.5 0.5-0.8 | 0.8 0.9 1.0 1.0

PEEP 18 20 22 22 22 24




Table 1. Baseline Characteristics of the Patients

Lung Recruitment

Maneuver With PEEP

Titration Group Low-PEEP Group
Characteristic (n =501) (n =509)
Age, mean (SD), y 51.3(17.4) 50.6 (17.4)
Women, No. (%) 188 (37.5) 191 (37.5)
SAPS 3 score, mean (SD)? 63.5 (18.1) 62.7 (18.1)
No. of nonpulmonary organ 2(2-3) 2(2-3)
failures, median (IQR)
Septic shock, No. (%) 336 (67.1) 331 (65.0)
Cause of ARDS, No. (%)

Pulmonary ARDS 313 (62.5) 313 (61.5)
Pneumonia 280 (55.9) 276 (54.2)
Gastric aspiration 26 (5.2) 32(6.3)
Lung contusion 7 (1.4) 4(0.8)
Near drowning 0 1(0.2)

Extrapulmonary ARDS 188 (37.5) 196 (38.5)
Nonseptic shock 9(1.8) 12 (2.4)
Sepsis or septic shock 99 (19.8) 97 (19.1)
Trauma without 5(1.0) 5(1.0)
lung contusion
Cardiac surgery 3 (0.6) 0
Other major surgery 20 (4.0) 23 (4.5)
Head trauma 4 (0.8) 6(1.2)
Smoke inhalation 4 (0.8) 6(1.2)
Multiple transfusions 8 (1.6) 3(0.6)
Drug or alcohol abuse 1(0.2) 2(0.4)
Other 35(7.0) 42 (8.3)

JAMA. 2017:318(14):1335-1345.

Sbéc NK 67,1%: 65%

ARDS
tai phoi 62,5%; 61,5%



Lung Recruitment

Maneuver With PEEP
Titration Group Low-PEEP Group
Characteristic (n=501) (n=509)
Prone position, No./total 31/304 (10.2) 30/303 (9.9)
No. (%)°
Time since onset of ARDS, 15 (7-34) 16 (7-30)
median (IQR), h
Days intubated prior to 2 (1-4) 2 (1-4)
randomization, median (IQR)
Respiratory measures,
mean (SD)
Pao,:F10,° 119.5 (43.5) 117.2 (41.9)
Tidal volume, mL/kg 5.8(1.1) 5.8(1.0)
predicted body weight
Plateau airway pressure, 25.8(4.7) 26.2 (5.2)
cmH,0
Minute ventilation, L/min 8.9 (2.5) 8.9 (2.4)
Respiratory rate, 25.3(6.4) 25.3(6.4)
breaths/min
Driving pressure, cm H,0° 13.5(4.2) 13.5 (4.6)
Positive end-expiratory 12.2 (3.0) 12.7 (3.3)
pressure, cm H,0
Respiratory system static 29.2 (12.4) 30.3 (14.4)

compliance, mL/cm H,0°®

JAMA. 2017:318(14):1335-1345.
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Table 2. Outcomes Among Patients Treated With Lung Recruitment Maneuver With Positive End-Expiratory Pressure (PEEP) vs Low-PEEP Strategy

Lung Recruitment

Maneuver With PEEP
Titration Group Low-PEEP Group Type of Effect Estimate

Qutcome (n = 501) (n = 509) Effect Estimate (95% Cl) PValue
Primary Outcome
Death <28 d, No. of events/total No. (%) 277/50@ 25 1/50@ HR 1.20 (1.01 to 1.42) @
Secondary Outcomes e
Death, No. of events/total No. (%)

In intensive care unit 303/500 (60.6) 284/509 (55.8) RD 48 (-1.5t011.1) 13

In hospital 319/500 (63.8) 301/508 (59.3 RD 4.5 (-1.7 to 10.7) .15

Within 6 mo?® 327/50( 305/50 HR 1.18 (1.01 to 1.38)
Length of stay, d

Intensive care unit, mean (SD) 18.2 (22.4) 19.2 (25.9) MD -1.0 (-4.0 to 2.0) .51

Median (IQR) 12.0 (5.0 to 23.0) 14.0 (7.0 to 23.0)
Hospital, mean (SD) 2555 (5213) 26.2 (31.7) MD -0.7 (-4.6 to 3.3) 74
Median (IQR) 15.0 (5.0 to 32.0) 18.0 (7.0 to 35.0)

No. of ventilator-freed fromd 1 tod 28, 5.3(8.0) 6.4 (8.6) MD -1.1(-2.1 to -0.1)
mean (SD), d

Median (IQR) 0.0 (0.0 to 11.0) 0.0 (0.0 to 14.0)
Pneumothorax requiring drainage <7 d, 16/5 6/5 RD 2.0(0.2 to 3.8)
No./total No. (%)
Barotrauma <7 d, No./total No. (%) 28/5@ 8/50@ RD 4.0 (1.5 to 6.5) .001

JAMA. 2017:318(14):1335-1345.
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Should the ART trial change our practice?

Jesus Villar"*’, Fernando Suirez-Sipmann"*’, Robert M. Kacmarek®’

Is there still a role for alveolar recruitment maneuvers in acute
respiratory distress syndrome?

Richard H. Kallet', Michael S. Lipnick’

Lung Recruitment and Titrated PEEP
in Moderate to Severe ARDS

Is the Door Closing on the Open Lung?
Sarina K. Sahetya, MD; Roy G. Brower, MD

State-of-the-ART Trial: Do
Recruitment Maneuvers &
Higher PEEP Raise Mortality?

Kenny J-E S, Sep 2017, https://pulmccm.org/randomized-controlled-trials
/state-art-trial-recruitment-maneuvers-higher-peep-raise-mortality/
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PEEP | Respiratory | Driving Respiratory | Tidal PaCO2 Pa02: 28-Day
em/H20 | system Pressure | Rate Volume | mmHe FiO2 ratio | Mortality
compliance cmH20 Breaths/min mL/kg pbw
mL/emH20
ALVEOLI | 8.9 31 15.1 29 (+6.2) 6.1(-2.1) | 41 168 (+3.0) | 24.9%*
:;:‘:P LOVS 101 | - 14.8(-3.3) | 26 (+3.6) 6.8 (-1.6) | 44.6 149 (+4.0) | 32.3%
Group | EXPRESS | 7.1 | 33.7(-2.4) | 14(-1.0) |27.8(+3.1) | 6.1(-1.4) | 43 150 (+7.0) | 31.2%
7~ N\
ART 120 |29.7(-0.6) | 13.5(0.0) | 29.1(+3.8) | 5.7(-0.1) | 51.4 165 (+48) (49.3% )
Dayl S—="
ALVEOLI | 147 | 39 12.3 29 (+5.8) 6.0 (-2.0) | 41 220 (+69) | 27.5%*
::ng: LOVS 156 | - 14.6 (-4.3) | 25 (+3.1) 6.8(-1.6) | 45.5 187 (+42) | 28.4%
Group | EXPRESS | 14.6 | 37.2(+0.8) | 12.9(-2.6) | 28.2 (+3.8) | 6.1(-1.3) | 44 218 (+74) | 27.8%
ART 16.2 | 32.8(+3.6) | 11.7(-1.8) | 30.4 (+5.1) | 5.6(-0.2) | 52.3 222 (+103) 55.3%)
\v

Table 2: comparison table between trials discussed within text. This represents data at the
end of day 1 following randomization. Values in parentheses indicate change from baseline
value if reported. *the ALVEOLI trial did not report death at 28 days, but instead in house
mortality. Figure 1 from ALVEOQOLI depicts survival curves for the keen reader to scrutinize.

Kenny J-E S, Sep 2017, https://pulmccm.org/randomized-controlled-trials

/state-art-trial-recruitment-maneuvers-higher-peep-raise-mortality/
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Tw vong bn trong ART cao hon cac NC khac
49,3% va 55,3%

* ART chon bn ARDS trung binh va nang?

Subgroup PaO,/FIO, < 200 trong phan tich
gop 3 NC ALVEOLLI, LOVS va EXPRESS cho
thay tir vong bénh vién la 34,1% vs 39.1%
cho nhom PEEP cao vs PEEP thap.

« ART co tilé bn ARDS tai phéi cao hon?
Pay 13 ti 1é thworng thay trong cac NC vé
ARDS



Should the ART trial change our practice?

Jesus Villar"*?, Fernando Suirez-Sipmann"*’, Robert M. Kacmarek®’

Concerns and sources of bias in ART
- ART thwe hién & 9 nwéc nhwng chd yéu & Brazil
104/120 ICU, WHO xép hang Y Té Brazil 125/190 nwdrc.
- Ap dung nghiém ngét Protocol 112 trang & 120 ICU ?
- Tha thuat tai huy déng phé nang thwe hién trong NC:
* Ap lwc mé phdi qua cao 60 cmH,0
* Thoi gian keo dai
* Ky nang thwc hién

J Thorac Dis 2017;9(12):4871-4877



Should the ART trial change our practice?

Jesus Villar"*?, Fernando Suirez-Sipmann"*’, Robert M. Kacmarek®’

* Ap lyc dwdrng thé cao nhat 1én dén 60 cmH,O (sau 555
bn, giam con 50 cmH,0)
* Th&i gian kéo dai 24 phut (sau dé giam con 19 phut)
Trong khi thwc hién tha thuat
3 bn bi ngrng tim
7 bn bi tran khi mang phai
44 bn tran khi nhdm RM vs 14 & nhom PEEP thap

« Gd tim PEEP t6i wu, mirc PEEP thap nhat 1a 11 cmH20,
nén mic PEEP thap nhat & nhém can thiép 12 13
cmH,0, co thé mot s6 bn bi cai mirc PEEP cao hon can
thiét.

J Thorac Dis 2017;9(12):4871-4877



DPieéu chinh RM trong qua trinh thwe hién NC

=

10 Lung New
recruitment

PEEP titration

e il Sau 550 bn
Ap lvc m& phdi 60 cmH.,0,
giam con 50 cmH,0O

Airway pressure (cmH,0)

Thoi gian giam PEEP

0 4 = 8 12 16 20 24 28 32 dé chon PEEP t6i wu

tr 4 phat giam con 3 phat
mdi lan gidm PEEP

Time (minutes)
® Copyright Policy - open-access License

Figure 1: ART strategy: maximum alveolar recruitment maneuver associated with PEEP
titration.

Mentions: Summary of mechanical ventilation procedures in the ART strategy
groupvs. ARDSNet strategy group



Open Lung Approach for the Acute Respiratory
Distress Syndrome: A Pilot, Randomized
Controlled Trial*

200 bn: 99 OLA vs 101 ARDS network protocol (20 ICU)

Acute Respiratory Distress

Outcomes Open Lung Approach Syndrome Network Protocol

28-d mortality, n (%) 22 (22) 27 (27) 0.561F
60-d mortality, n (%) 28 (29) 33(33) 0.54 F
ICU mortality, n (%) 25 (25) 30 (30) 053 F
Hospital mortality, n (%) 29 (30) 35 (35) 0.45 F
pneumothorax 6% 8% p=0.78

Cardiac arrest and pneumothoraces during the RM never occurred in
the OLA trial.
In seven patients, the lung recruitment maneuver was stopped because

of hypotension. _
Kacmarek RM et al. Crit Care Med 2016; 44:32—42



Should the ART trial change our practice?

Jesus Villar"*?, Fernando Suirez-Sipmann"*’, Robert M. Kacmarek®’

Double trigger thwdng xay ra & bn trong nghién ctru
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Supplementary Online Content. JAMA. doi:10.1001/jama.2017.14171

J Thorac Dis 2017;9(12):4871-4877




Sau RM, céi thién oxy méau (P/F +103) va co hoc hd hap so
voi tredc RM: Compliance +3,6; Driving Presure -1,8

PEEP | Respiratory | Driving Respiratory | Tidal PaCO2 Pa02: 28-Day
em/H20 | gystem Pressure | Rate Volume | mmHg FiO2 ratio | Mortality
compliance cmH20 Breaths/min mL/kg pbw
mL/emH20
ALVEOLI | 8.9 31 15.1 29 (+6.2) 6.1(-2.1) | 41 168 (+3.0) | 24.9%*
:;:‘:P LOVS 101 | - 14.8 (-3.3) | 26 (+3.6) 6.8 (-1.6) | 44.6 149 (+4.0) | 32.3%
Group | EXPRESS | 7.1 | 33.7(-2.4) | 14(-1.0) | 27.8(+3.1) | 6.1(-1.4) | 43 150 (+7.0) | 31.2%
ART 120 [29.7(-0.6) | 13.5(0.0) [ 29.1(+3.8) | 5.7(-0.1) | 51.4 ‘ 165 (+48) [ 49.3%
Day 1
ALVEOLI | 147 | 39 12.3 29 (+5.8) 6.0 (-2.0) | 41 220 (+69) | 27.5%*
::ng: LOVS 156 | - 14.6 (-4.3) | 25 (+3.1) 6.8(-1.6) | 45.5 187 (+42) | 28.4%
Group | EXPRESS | 14.6 | 37.2(+0.8) | 12.9(-2.6) | 28.2 (+3.8) | 6.1(-1.3) | 44 218 (+74) | 27.8%
ART 162 [32.8(+3.6) | 11.7(-1.8) [ 30.4 (+5.1) | 5.6(-0.2) | 52.3 222 (+103) [55.3%

Table 2: comparison table between trials discussed within text. This represents data at the
end of day 1 following randomization. Values in parentheses indicate change from baseline
value if reported. *the ALVEOLI trial did not report death at 28 days, but instead in house
mortality. Figure 1 from ALVEOQOLI depicts survival curves for the keen reader to scrutinize.

Kenny J-E S, Sep 2017, https://pulmccm.org/randomized-controlled-trials
/state-art-trial-recruitment-maneuvers-higher-peep-raise-mortality/
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Tang to vong do RM, OLA lam tang ton
thwong phdi do thd may ?

Ca 2 nhom cai Vt twong tw, sau RM mirc PEEP
nhom can thlep cao hon, do glan no ph0| tang,

ap luc day giam chirng to c6 cai thién vé co
hoc ho hap.

*RM Cung voi mirc PEEP cao cai sau thu thuét,
tan so thé cao lam tang “cong suat

(mechanlcal power) lam tang ton thwong phoi
do thé may.

Kenny J-E S, Sep 2017, https://pulmccm.org/randomized-controlled-trials
/state-art-trial-recruitment-maneuvers-higher-peep-raise-mortality/
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1973

1988

Barotrauma

2016

Atelectrauma
(Biotrauma)

Ergotrauma

Evolution of the concept of VILI. From left to right: barotrauma, volutrauma,
atelectrauma/biotrauma, ergotrauma. VILI, ventilator-induced lung injury.

Tonetti T et al, Ann Transl Med 2017;5(14):286



Mechanical power (Cong suat)

Power =0.098-RR-{AV? | ~.E_+RR-UTLE) g
60-/:FE

> aW}rAV-PEEP}

0.098 is the conversion factor from L x cmH20 to J,

RR is the ventilatory rate

Ers is the elastance of the respiratory system

I:E is the ratio between inspiratory and expiratory time

Raw is the airway resistance

AV is the tidal volume.

Accordingly, in a normal subject breathing at 15 bpm, with a tidal
volume of 0.5 L with an |:E of 1:1, a normal respiratory system
elastance of 10 cmH20/L and Raw of 10 cmH20O/L/s at 0 PEEP, the
mechanical power in J/min equals 3.675.

Tonetti T et al, Ann Transl Med 2017;5(14):286



The ART trial: why did it fail?

1 Hour Day 1 Day 7
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Control PEEP Control PEEP Control PEEP

Estimate of mean mechanical power of the RS (first 7 days of ICU stay)
applied to the control group (left, grey column) and to the PEEP group (right,
red) of the ART trial. PEEP, positive end-expiratory pressure; ART, Alveolar
Recruitment for ARDS Trial; ICU, intensive care unit; RS, respiratory system.

Cipulli F et al. J Thorac Dis 2018;10(3):1258-1264



The ART trial: why did it fail?

1400
1169

800 779 723

482
390

Mechanical Power Joule

241

Mild Moderate Severe Mild Moderate Severe

A B

Estimate of mechanical power delivered during the overall recruitment
maneuver of the ART trial before (A) and after (B) the amendment of the
protocol. ART, Alveolar Recruitment for ARDS Trial.

Cipulli F et al. J Thorac Dis 2018;10(3):1258-1264



Best PEEP trials are dependent on tidal volume

gﬂ 254 — 4 mlkg PBW
E | —= 6 ml/kg PBW
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E ™ T' T m Stress Index <0.95
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Fig. 1 Point of maximal compliance depends on tidal volume used in PEEP trial. Plotted markers represent static compliance of respiratory
system (Cgs) at each PEEP level during a decremental PEEP trial for a single patient. Marker shapes correspond to measured stress index for the
PEEP-tidal volume pairing, and marker color corresponds to tidal volume. Loess curve connects points with identical tidal volumes. Vertical lines
indicate the PEEP selected by ART protocol for a given tidal volume. PBW predicted body weight, PEEP positive end-expiratory pressure
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Fig. 2 Point of minimal driving pressure depends on tidal volume used in PEEP trial. Plotted markers are measured driving pressure at each PEEP
level for a given tidal volume. Marker shapes coded by stress index, and superimposed loess lines show estimated driving pressure over the

range of PEEP by tidal volume. Corresponding vertical lines indicate the PEEP selected by ART protocol for a given tidal volume. PBW predicted
body weight, PEEP positive end-expiratory pressure

McKown et al. Critical Care (2018) 22:115




Should the ART trial change our practice?

Jesus Villar"*?, Fernando Suirez-Sipmann"*’, Robert M. Kacmarek®’

“We believe there is still a strong pathophysiological
rationale for the use of RM and decremental PEEP trial in
moderate to severe ARDS, supporting the principle that
“never give the lung a chance to collapse”. Unfortunately,
the ART study forces us to reassess the use of RMs and
decremental PEEP trials since the results of the ART trial
conflict with previously acquired data. The results of this study
have not dampened our enthusiasm for the OLA but have
identified the need for another RCT that is designed and
Implemented in a manner that will more appropriately test the
ability of the OLA to improve outcome in ARDS”

J Thorac Dis 2017;9(12):4871-4877



Early management of ARDS

in 2019
Pplat < 30 cmIL,0

Discuss

P/F<
/F <80 VV-ECMO

Vit 6 ml/kg
of PBW

Reassessment

Neuromuscular blockers

P/F<150 [N o
PEEP > 5 cmH,O rone positioning

High level of PEEP

P/F < 200 - .
if improves oxygenation

Tidal volume about 6 ml/kg of PBW
Confirmed Plateau pressure <30 cmH,0
ARDS PEEP >5 cmH,0
Check for hypercapnia

Initiation of invasive Tidal volume (Vt) about 6 ml/kg of PBW in the absence

mechanical . o
tilati ith of severe metabolic acidosis
ventiation wi
sedation in ICU . Systematic screening for ARDS diagnosis criteria

Reassessment of ventilator settings and
of the management strategy at least every 24h

Veno-venous ECMO

O In case of refractory hypoxemia or when protective
ventilation can not be applied

O To be discussed with experienced ECMO centres

Neuromuscular blockers: continuous intravenous infusion
O Early initiation (within the first 48h of ARDS diagnosis)

Prone positioning methods :
O Applied for >16h a day, for several consecutive days

Moderate or severe ARDS -> High PEEP test (> 12 cmH,0)

Use high levels if:

O Oxygenation improvement

O without hemodynamic impairment or significant
decrease in lung compliance

O Maintain Pplat < 30 cmH,0, continuous monitoring

ARDS diagnosis criteria

Q Pa0,/Fi0, < 300 mmHg

O PEEPz5 cmH,0

[ Bilateral opacities on chest imaging

O Not fully explained by cardiac failure or fluid overload
1 Within a week of a known clinical insult

Might be applied

# Inhaled Nitric Oxide (iNQ), when severe hypoxemia remains
despite prone positioning and before considering VV-ECMO

> Partial ventilation support after early phase to generate
tidal volume about 6 ml/kg and less than 8 ml/kg

No recommendation could be made

» ECCOR
» Driving pressure
» Partial ventilation support at the early phase

Papazian L et al. Ann. Intensive Care (2019) 9:69




Early management of ARDS
in 2019

Might be applied

» Inhaled Nitric Oxide (iNO), when severe hypoxemia remains
despite prone positioning and before considering VV-ECMO

» Partial ventilation support after early phase to generate
tidal volume about 6 ml/kg and less than 8 ml/kg

No recommendation could be made

» ECCO,R

» Driving pressure

» Partial ventilation support at the early phase

Papazian L et al. Ann. Intensive Care (2019) 9:69




Treatment strategy

ARDSNet
300 200 100 0
PaO,/FiO, ratio

Fig. 2 Indication for the open lung concept (OLC) in acute respiratory
distress syndrome (ARDS). This figure represents the indication for
ARDSNet protocol, OLC and venovenous extracorporeal membrane

| oxygenation (W-ECMQ) according to the PaO,/FiO; ratio

Zee P and Gommers D Critical Care (2019) 23:73



KET LUAN

RM, OLA con nhiéu tranh cai: thwe hién hay khéng?
Cach thuc hién?

C6 thé thwe hién khi oxy gidm nang do mat PEEP
nhw hat dam, dat NKQ, ndi soi hoac st¥ dung nhw
diéu tri “ctru van” & bénh nhan ARDS nang.

Trwde khi thwe hién huyét ddng bn phai 6n dinh, cho
an than co thé kém gian co dé bn ngirng thd.

Theo dbi sat cac bién chirng co thé xay ra khi thwe
hién thu thuat.



XIN CHAN THANH CAM ON




