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"Open up the lung
and keep it open!”

Burkhard Lachmann, 1992



Muc tiéu diéu chinh PaO,
T e
o Ton thwong phdi nhe: > 80 mmHg

o Ton thwong phoi trung binh: > 70 mmHg
o Ton thwong phdi ndng: > 60 mmHg
0 So sinh non thang: 60 - 80 mmHg

5 Cao ap phdi: > 100 mmHg — gidm ap lwc mao

mach phdi
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Diéu chinh dwa vao FiO,

] |
o Nguyén tac: Oxygen khuéch tan theo gradient

ap lwc
o Tang FiO, = tang P,O, = tang PO,

(néu AaDO, binh thudng)

AaDO, =P,0, -P_O,
P,O, = FiO, x (Pg - Py,0) - PACO,/k

o Pg: &p suat khi quyén (760 mmHg)
0 Py,o: @p suat hoi nuwéde bao hoa (47 mmHg)
n P,CO, =PaCO,, k=0,8



Bai tap
T s
o BN thé may ban dau FiO, 60% co
ABG =7.39/40/250/ 24
Muc tiéu: PaO, = 100 mmHg
n Cong thure tinh ra dwoc FiO, = 38%

PaO, sau - PaO, dau
PB _ I:)HZO

FiO, sau = + FiO, dau



Giam oxy mau
] |
o Giam oxy mau la tinh trang thwdng gap/BN
thé may.
o Tiéu chuan: PaO, < 60 mmHg (SpO,, < 90%)
o Ban diéu chinh théng s6 may th® nao khi BN
bi giam oxy mau ?
2 FiO2
0 Théng s6 khéac



Ngo doc oxy ve&i FiO, > 60%
T e
o Cap:
a2 ARDS
o Man:
0 Loan san phé quan phdi
0 Xo héa phdi
0 Bénh ly vong mac tré non thang



Chien lwoc thong khi bao vé phoi
TR

1. Gidm thiéu atelectrauma (under-recruitment injury)
» m& phé nang bang tha thuat huy déng phé nang
- gilr phé nang mé bang cach st dung PEEP tbi wu
2. Giam thiéu volutrauma (over-distension injury)
* gitr plateau pressure < 30cm H,O
- sr dung tidal volume thap 6ml/kg IBW
3. Giam thiéu ngd doc O,
e duy tri FiO, duw¢i 0.6
4. Chap nhan muc tiéu th& may nam ngoai gi¢i han bt
« tdng than khi chap nhan (permissive hypercapnia)
- thiéu oxy mau chap nhan (permissive hypoxemia)

dangthanhtuan65@gmail.com



Diéu chinh PaO,
T s
Khi:
0 FiO, dat 2 60% ma PaO, van < 100 mmHg
= khdéng chi dung FiO, nira
Ma dwa trén cach lam T MAP
o Hoac PaO,/FiO, < 300 (ARDS)



21% 30% 36% 40% 50% 60% 70% 80% 90% 100%
PaO2/ PaO2/ PaO2/ PaO2/ PaO2/ PaO2/ PaO2/ PaO2/ PaO2/ PaO2/
PaO2 FiO2 FiO2 FiO2 FiO2 FiO2 FiO2 FiO2 FiO2 FiO2 FiO2
30 143 | 100 | 86 | 76 | 60 | 50 | 43 | 38 | 33 30
40 190 | 133 | 114 | 100 | 80 | 67 | 67 | 50 | 44 40
50 | 238 | 167 | 143 | 125 | 100 | 83 | 71 63 | 56 50
60 [ 286 | 200 | 171 | 150 | 120 | 100 | 86 | 75 | 67 60
70 333 | 233 | 200 | 176 | 140 | 117 | 100 | 88 | 78 70
80 | 381 | 267 | 229 | 200 | 160 | 133 | 114 | 100 | 89 80
90 | 429 | 300 | 257 | 229 | 180 | 150 | 120 | 113 | 100 90
100 | 476 | 333 | 286 | 250 | 200 | 167 | 143 | 126 | 111 100
110 367 | 314 | 275 | 220 | 183 | 157 | 138 | 122 110
120 400 | 343 | 300 | 240 | 200 | 171 | 150 | 133 120
130 433 | 371 | 326 | 250 | 217 | 186 | 163 | 144 130
140 467 | 400 | 350 | 280 | 233 | 200 | 175 | 159 140
150 500 | 429 | 376 | 300 | 250 | 214 | 188 | 167 150
160 633 | 457 | 400 | 320 | 267 | 229 | 200 | 178 160
170 486 | 426 | 340 | 283 | 243 | 213 | 189 170
180 914 | 450 | 360 | 300 | 257 | 226 | 200 180
190 043 | 476 | 380 | 317 | 271 | 238 | 211 190
200 500 | 400 | 333 | 286 | 260 | 222 200
Yellow = ALI  White = Abnormal  Green = normal
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Pieu chinh dwa vao MAP

T s
o Mean airway pressure = MAP
o Tang MAP = tang PaO,
0 Dé tang MAP:

T Rise time (1)

T Peak Pressure (2)

T Ti (3)

1 PEEP (4)

T RR (5)




Mean Airway Pressure

]
30 - MAP = K(PIP-PEEP)(I/I+E) + PEEP
2 - To Increase Mean
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: % | ‘ 1. increase rise time
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MAP = K(PIP-PEEP)(I/1+E) + PEEP
T
Thuc té 1am sang:

o Tang PEEP 1 cmH,0 = tang MAP 1 cmH,0

o Tang Pi (= PIP — PEEP) 3 cmH,O = tang
MAP 1 cmH,O

o Thay ddi I/E t& ¥4 sang 1/1 = tdng MAP = 1/6
cua Pi



Tac dung c6 hai caa T MAP
T =
0 Can trd mau TM vé tim
0 Giam cung lvong tim
2 Tang ap lwc ndi so
0 Tang nguy co chan thwong phdi do ap lwc
1 Barotrauma
0 Cang phé nang qua muirc
o Overdistension = tai phan bo lwu lwgng mau phdi
n Giam twdi mau co quan khac:
aThan: gidam lwu lwong nwée tiéu
2 Da day: stress ulcer



Tang MAP va cung cap oxygen

Cung lugng tim DO,
A |

Cuhg cap oxygen

CO

PaO,
A

MAP



Diéu chinh PaO,

o Khi FiO, dat 60%, ma PaO, chwa dat
a Tang PEEP 5 - 10 cmH,0
aTang Ti: I/E=1/1,5-1/1
o Tang FiO,: 70 — 100%
a (xem lwu dod)
o0 Mdc gidi han ¢ tré em:
0 FiO, <60 - 100%
0 PEEP <10 cmH,0, Plateau Press. < 30
al/E < 1/1




Pat thong so6 ban dau:
FiO, 60%, PEEP 6 Pa0, > 70 mmHg
I/E 1/2, PIP 20-25 Sa0, > 92%

Tang PEEP moi 2 cmH,0
(max 10 cmH,0)

Tang I/E (10-20%Ti)
(max I/E = 1/1)

Lwu do
diéu chinh PaO,

Tang FiO, moi 10 - 20%
(max 100%)




Diéu chinh PEEP theo FiO,

Simplified ARDS Network PEEP vs FIO2 Protocol
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Goal: PaO2 55-80 mm Hg or SpO2 88-95%. If measured value below
goal, move up 1 step; if measwred value above zozal, move down 1 step
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QUI TRINH TH() MAY TRONG VIEM PHOI DO
CUM A/H5N1 & TRE EM

Muc tieu: SpO, > 90% vo1 Fi10, < 60%
Chap nhan SpO, 85 — 90% neu F10, > 60%

1

Cai dat ban dau: Ché d6 Kiém soat ap suat
F10, =60%, t11é I.E = 1:2, PEEP = 6 cmH-0O
PIP < 30 cmH,0 (muc tieu gnir Vr = 6-8 ml/kg)

1

Muc tiéu can dat:

SpO; 92 — 95 % hoac PaO, = 65 -80 mmHg
pH > 7.2 ( chap nhan PaCO, = 40 — 60 mmHg)
Chuwa dat muc tieu: x11611g 1 buoc
Dat muc tieu: gnr nguyen
Qua murc muc tieu: len 1 buwoc




F10, PEEP Tile LE
(%) (cmH,0)
30 4 122
40 4 1:2
40 0 122
50 0 12
60 0 1:2
60 8 1:2
60 10 1:2
60 10 1:1,5
60 10 1:1
80 10 1:1
100 10 |
100 12 1:1
100 14 1:1
100 16-20 1:1




Qui trinh xtr tri giam oxy mau trong
ARDS

Thé may cd dién
Fio2 | PEEP | IE | Risetime| RR
|

Thé may nang cao

Huy dong
phg e APRV HFOV NO
)

4

Cac bién phap khac

Liquide Tracheal Gas
ventilation Insufflation ECMO

Nam sép Surfactant




THU THUAT
HUY DONG PHE NANG

Con trong giai doan tim toi
tai BV Nhi dong 1




CT SCAN bn ARDS

OVERDISTENSION

SHEAR INJURY

ATELECTASIS




Huy dong phé nang co6 tac dung
T e

o Cai thién sw oxygen hoa.
a Tang PaO,/FIO, > 20%

o Cai thién shunt trong phoi.

5 Cai thién co hoc phdi.

o Tao V; lon hon khi cung 1 IP (trong mode PC).

0 Tao ra cung V- v&i ap suat dworng the thap hon
(trong mode VC).

o Plateau Pressure thap hon d/v cung V; sau khi
thwe hién thu thuat HDPN.



Chong chi dinh huy déng phé nang
T
5 Huyét ddng hoc khéng 6n dinh

o Tang ap lwc ndi so

0 Ton thwong thoat khi & phoi/ton thwong phdi
c6 kha nang v& phé nang khi thuc hién thu
thuat



Cac phwong phap huy déng phé nang
I
BN c6 tw tho:
o St dung CPAP trong théi gian ngan
BN khéng tw tho:
o Tang PEEP khdng thay dbi IP
o Tang IP ngan ma khéng déi PEEP
o Sigh breaths



Lachmann’s method

T [ ——
P/F>400 P/F>400

5- Open! Re-open!!
Q
<
=
3 S
: 5
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collapsed ? PF>400
P/F<400 Keep open!!
collapsed
PF<400 Time

MINERVA ANESTESIOL 2006;72:117-32



Phwong phap B. Lachmann
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, o Tang PEEP khéng déi AP
Amato’s method , y; lé thanh céng cao (91%)

20 < E Maximum Recruitment Strategy !
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Am J Respir Crit Care Med Vol174.P268-278,2006




Bien chwrng co the
] |
5 Roi loan huyét dong:
0 Tang ap suat khoang mang phdi = téng khang
lwc mach mau phoi va giam cung lwgng tim.
0 Cung lwong tim cé thé gidm nang & BN V.phoi.
5 Ri loan nhip tim
o Tran khi mang phoi
o Chwéng khi phé nang tirng viing

(BN can dwoc an than va/hoac gian co.
Khong chi dinh déi véi BN tinh)



Khi nao huy ddéng phé nang

{
F10,; PEEP TIIELE
(%o) (cmH,0)
30 4 15
40 - 1:2
40 6 1:2
50 6 1:2
60 6 1:2
60 8 1:2
60 10 1:2
60 10 LD
60 10 1:1
80 10 1:1
100 10 1:1
100 | P 1:1
100 14 1:1
100 16-20 B |




Huy dong phé nang
TR

o Thwe hién khi:
a FiO, =60%, PEEP =10, I/E 1/1

o Chuan bi BN:
0 Huyét déng hoc 6n dinh
0 Hut sach dam
0 Gian co, an than

o Ché d6 théd may:



Huy déng phé nang

Kiém soat ap suat
IP 15 cmH,0O

f 20 lan/phut

I/E 1/1

FiO, 100%

PEEP 10 cmH;0

30 giay

o| Thengkhi |

30 giay

Kiém soat ap suéat
IP 15 cmH,0

f 20 lan/phut

I'E 1/1

FiO2 100%

PEEP 15 cmH;0

Thong khi [q |

Kiém soéat ap suat
IP 15 cmH,0

f 20 lan/phut

I/E 1/1

FiO> 100%

PEEP 20 cmH,0

Théng khi
30 giay

|

«—— Théngkhi |g

30 gidy

Kiém soat ap suét
IP 15 cmH20

f 20 lan/phat

I/E 111

FiO2 100%

PEEP 10 cmH;0




Huy déng phé nang

\

Kiém soat ap suat
IP 15 cmH,0

f 20 lan/phat

I/E 11

FiO, 100%

PEEP 10 cmH;0

Thdng khi

30 giay

l

30 giay

Kiém soét ap suat
IP 15 cmH;0

f 20 lan/phut

I/E 111

FiO, 100%

PEEP 25 cmH,0

B

Théng khi <

Kiém soat ap suéat
IP 15 cmH,O

f 20 lan/phut

I/E 1/1

FiO, 100%

PEEP 30 cmH.0

<«———] Thongkhi |g |

30 giay

Thong khi
30 giay

|

Kiém soat ap suat
IP 15 cmH,0

f 20 lan/phut

I/E 1/1

FiO, 100%

PEEP 10 cmH:0




Huy déng phé nang

v

Kiém soat ap suat
IP 15 cmH20

f 20 lan/phut

I/E 1/1

FiO, 100%

PEEP 15 cmH;0

A

>

Thuwe hién khi mau
Pa0, + PaCO,
>400 mmHg

co

l khong

So @6 4: Cach tién hanh thu thuat huy dong phé nang bang

Lap lai tha thuéat huy
dong phé nang voi
murc PIP cao hon VA
Xem xét lam th thuéat
¢ tw thé nam sap

cach tdng PEEP trén bénh nhi b1 ARDS

Xac dinh thé tich dong:
-PP dung PaO,
-PP dung compliance

!

Murc PEEP t6i wu dét
trén ap suat dong 2
cmH,O

v

Lam tha thuat huy
dong phée nang sau do
voi mire PEEP toi wru




Optimal PEEP

T =
o Tim optimal PEEI? sau khi lam thq thuat huy
dong phé nang bang cach giam dan PEEP.

0 Dat PEEP 20 cmH,0 va gidm dan PEEP 1 cm

H,O mai 5 phut.
o Co 2 phwong phap xac dinh collapse pressure



Optimal PEEP

A.

[

[

Thuwe hién khi mau & méi mirc PEEP.
Mdc PEEP ma PaO, giam hon 10% so voi
muc trwdc do cho biét collapse pressure.

Murc optimal PEEP cai dat & 2 cmH,0 trén
murc collapse pressure.



Optimal PEEP

0 Do compliance & méi mirc PEEP.
o Mdrc PEEP ma & d6 compliance giam ro rét
cho biét collapse pressure.

o Mtrc optimal PEEP cai dat & 2 cmH,0 trén
murc collapse pressure.



Optimal PEEP

T =
o Thwe hién tha thuat huy déng phé nang maéi &
muc optimal PEEP.
o Doi véi ARDS ngoai phdi (ngwoi Ion):
0 Mdre optimal PEEP thwong tw 16 - 18 cmH,0
trong giai doan dau,
ava 8 -12 cmH,0 la du sau 1 — 2 ngay.



Optimal PEEP

m PaOyFIO, 600+ l -30 p Cdyn
(mmHg) 500 - . i (mljcmH,0)
400 - 20
m - -
200 - I - 10
100 ~ I -
0- -0
6 RM 24 2 20 1B 1% ¥ 12 10 8 6 0
>
Basellne

PEEP levels during decremental PEEP titration (cmH,0)

35 Suarez-SipmannF, Bohm SH, Tusman G, et al. Use of dynamic comphance for
es oOpen lung positive end-expiratory pressure titrabon in an expenmental study.
Cnt Care Med 2007; 35:214-221.



Huy dong phé nang — ND1
T e
o Cham ddt ngay tha thuét khi:
o Tot: dot ngdt tang V-, cai thién SpO,
o Xau: bién chirng tut HA hoac tut SpO,
1SpO2 < 85%
2 HA trung binh < 60 mmHg
2 Nhip tim < 60 hoac > 160l/ph
aLoan nhip



