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1. Hoat dOng trung tam ho hap trén bénh nang
2. Theo ddi hoat ddng trung tdm hd hap
3. Theo déi hoat ddng co hd hap




M6 hinh tin hiéu trung tdm hd hap
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Respiratory drive — Hoat hoa hé hap
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" Mirc d6 hoat déng cua
trung tdm hdé hap quyét
dinh mdrc do hit vao cua
nguwoi bénh.

" Tang toc dd hoat ddng ndo
bd xay ra trong thi hit vao

" Cwong do tin hiéu ly tam
do ndo bd phat ra diéu
khién chu ky hd hap
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Respiratory drive — Hoat hoa hé hap

1. Tin hiéu hwéng tam: (1) Phan héi co hoc; (2) Co ché phan xa; (3)
Phan hoi hoa hoc: co ché chinh, manh nhat, thdng qua pH, pCO2

2. Trung tdm hé hap (hanh nao — than nao): tao tin hiéu diéu hoa chu
ky hd hap (3 pha — pha hit vao, cudi hit vao, va pha th& ra), quyét
dinh tan s6 hd hap

3. Tin hiéu ly tam: (1) hoat dédng dién than kinh hoanh (Ea,,); (2) hoat
dong dién co hoanh (Ea,); (3) ap lwc xuyén co hoanh (P,)/ ap lwc co
hé hap (P....) — Iwu lwong khi (F), thé tich lwu thdng (Vt) mé ta bang
phwong trinh chuyén déng

https://doi.org/10.1164/rccm.201903-0596SO



https://doi.org/10.1164/rccm.201903-0596SO

Twong tac bénh nhan va may th&

@

Ventilator factors

Triggering T
Control Variables Response of l
Cycling off ventilator to Pmus

Patient factors ¥ l
RS mechanics I

Pmus waveform

|

»  Pmus(t) + Paw(f) = V() - Ars + AV(t) - Ers

+— Pres=V’', x Rrs (resistive pressure)

I l +— Pres= V" x Rrs [resistive pressure)

¥: ve FRC L I -.""a_‘__ AV, = volume below FRC
l P 1, | Pel=-AV,xErs
Volume-time profile 1___“ § +—__AV;=volume above FRC

/ Response of Pmus t
f to ventilator-delivered """“’E l Pel=AV, x Ers
| breath

Chemical — Neuromechanical — Behavioral Pmus,

@ Feedback

P +P, . =P_+P ,=RxF+VxE

Georgopoulos D: Principles and Practice of Mechanical Ventilation



Phan hoi hoa hoc Ién trung tam hé hap

ALY,
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Hypoxia
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Receptors
stimulation
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% Sedation
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Bién doi théng khi theo CO2

= Chuyén hoa (1)
PaCO2 = f (VE);
PaC02=0.863*V'CO2/
[V'E*(1-VDVT)]

= Théng khi (2): VE
= f(PaCO2)
“VE ting tb  2-

3l/ph/mmHg CO2
"Trén BN ngu/mé (3):
nguwdng ngwng tho

https://doi.org/10.1164/rccm.201903-0596SO
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Pap trng cta hé hé hap véi CO2
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% of baseline

Tan so tho’

So sanh gitra nguoi BT the PSV véi CPAP, ghi nhan Vit cao hon & nhém thé: CPAP -
(1,1620,1 vs 0,85 +0,04) trong khi tan so thd nhw nhau (16+0,9 vs 15,6 +1,1)

Georgopoulos D: Principles and Practice of Mechanical Ventilation
Am J Respir Crit Care Med Vol. 156. pp. 146—154, 1997



Hoat dong TT hé hap trén bénh néang
Nhu cau thong khi va thong khi thuwc sw

A: Health B: Disease
60 - 60 7 Brain cuwg\
50 | 50 | _—
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Quad trinh théng khi that sy khong déap ng dwoc nhu cau théng khi do nhieu -
yéu to trong ICU: bénh than kinh co, yéu co HH, tang R, giam C hé hé hap

https://doi.org/10.1164/rccm.201903-0596S0O




Hoat dong TT hé hap trén bénh néang
Nhu cau thong khi va thong khi thuc sw

= O nguoi BT, brain curve va ventilation curve 1a mét, giao diém gitra brain curve
va metabolic hyperbola dai dién cho gia tri PaCO2 6n dinh.

= Khi c6 yéu t6 bénh ly nhw viém phdi, dwong chuyén hoa tang Ién, brain curve
chuyén trai va déc hon (dap ng nhu cau) (1), ventilation curve chuyén phai,
xudng dwdi do yéu to bénh ly — V'E that sw khéng dap ¢ng nhu cau (2) = CO2
tang dan = kich thich TTHH tang thdong khi 1&n (3) cho dén khi dat dwoc CO2 6n
dinh (giao diém gitra ventilation curve va metabolic hyperbola) (4)

" Tai (4) thi TTHH khdéng tang hoat dong thém va V'E khéng tang thém vi da dat
mirc CO2 6n dinh

https://doi.org/10.1164/rccm.201903-0596SO
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Chuyén hoa trén bénh nhan nang

Ventilation (I/min)

—— \/C0,=220, VoN;=0.3

V'CO,=275, Vp/N;=0.3

V'C0,=275, VpN;=0.6

_—
-".- .
D :
; — :
H ‘-

PaCO, (mmHgQ)

" PaC02=0.863"V'CO2/

[V'E*(1-VD/VT)]

= Pudng chuyén hoa tang

lén khi: (1) tang CO2
(viém, nhiém trung, sot,
run, Kkich thich, dinh
dwdng), va (2) tang
khoang chét (day may
th®, ton thwong phdi, thé
nhanh néng)

https://doi.org/10.1164/rccm.201903-0596SO
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TTHH va Vit gitra cac mode the khac nhau

Vi (L)

No

assist

AVC

10

13 20

Pmus,, ., (cmH,0)

% PaCO,

= Co hoc phdi va EELV khéng dbi

" Twong quan gitra hoat ddng TTHH va
Vt tuyén tinh

= AVC: d6 doc twong quan bang 0

= PSV: dich chuyén dwdng twong quan
|en trén va khodng thay db6i do dbc

V1t co thé van Ien khi Pmus rat nhé

" PAV: sinh ly hon

https://doi.org/10.1164/rccm.201903-0596SO
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TTHH va Ve gitra cac mode th& khac nhau
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* PaCO, C = PaCO, [ > PaCO,

= Co hoc phdi va EELV khdng doi, thém tan sb thé
= AVC: dd doc bang O, tan so6 th® dich chuyén dwdng twong quan (A)
= PSV: d6 dbc khdng ddi vai cung tan sé thd, thay doi tan sb thé dich chuyén
dwong twong quan, thay doi do doc (B) -

= PAV: thay dbi do doc, sinh ly hon (C)
https://doi.org/10.1164/rccm.201903-0596SO
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Mode tho tac dong lén TTHH
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" Tan so thé va toc do chuyén hoa khong doi, ngwéng ngung thé 35
= H6 tro thap (AVC va PS): CO2 6n dinh xay ra thap hon khi khéng ho tro va cao

hon nhu cau 6n dinh cta TTHH

" H6 tro cao (AVC va PS): CO2 én dinh xay ra thap hon nhu cau 6n dinh cla

TTHH va thap hon ca ngwdng nguwng thd — TTHH khéng can hoat ddng thém
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Két noi than kinh-théng khi (neuroventilation coupling)

V./PTP-Pmus,

(L/cm H,O/s)

0.8 - PetCO2
' 21mmHg
7 PetCO2 *T'
i 22mmH
0.6 mr_nl_ g
- ' L | Test cO2
"1 Petco2 |-
1 31mmHg // ) /
0.2 - I T T e I
0 I
PAV PS AVC

7 doi twong khoé manh, thd may qua mouth piece bang cac mode PAV, PS, AVC.
Tinh két ndi gitra tin hiéu than kinh va thong khi dwoc danh gia bang V/PTP-Pmus

AVC: Vt =12 it
PS: 10 cmH,O
PAV: 80% support
Khéng thé CO2
Thé CO2

Georgopoulos D: Principles and Practice of Mechanical Ventilation
Eur Respir J 1999; 13: 8731882



Phan hoi hoa hoc & bénh nhan tinh

* Nhirng phwong thirc théd cho phép no lwc hit vao ciia bénh nhéan
tac dong/thay déi Vt do may théd cung cap (PAV/NAVA) gitup lam
tdng hiéu qua diéu hoa PaCO2 qua tin hiéu hoa hoc

= Nhirng phwong thirc thé lam mat tinh két ndi than kinh-théng khi
(Vt/effort) lam mat hiéu qua diéu hoa CO2 qua tin hiéu hod hoc,
c6 thé gay ca &* CO2 hoac giam CO2

Georgopoulos D: Principles and Practice of Mechanical Ventilation



Phan hoi hoa hoc & bénh nhan mé/ngu
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Phan hoi hoa hoc & bénh nhan mé/ngu

" Twelve normal subjects underwent polysomnography while connected to a
PSV/PAV ventilator prototype. Level of assist with either mode was increased in small
steps (2-5 min each) until PB developed or the subject awakened.

" PB with central apneas developed in 11 of 12 subjects on PSV. PCO2 ranged from
1.5 to 5.8 Torr. PB developed in five subjects on PAV at amplification factors of 1.5—
3.4

" We conclude that (7) a PCO2 apneic threshold exists during sleep at 1.5 — 5.8
Torr below eupneic PCO2, (2) the development of PB during PSV is entirely
predictable during sleep, and (3) the inherent susceptibility to PB varies
considerably among normal subjects

Susceptibility to periodic breathing with assisted
ventilation during sleep in normal subjects

SONIA MEZA, MANUEL MENDEZ, MICHELE OSTROWSKI, AND MAGDY YOUNES
Respiratory Medicine, University of Manitoba, Winnipeg, Manitoba, Canada R3A IR8




Phan hoi hoa hoc & bénh nhan mé/ngu

= Nhip hé hap (tan so va kiéu hd hap) phu thudc chl yéu vao PaCO,

= PaCO, giam khoang 3-4mmHg c6 thé gay ngung thé

* Nhirng phwong thirc thd cho phép giam Vi theo nod lwc hit vao cla co
hdé hap gitp 6n dinh qua trinh théng khi

= Khi hd tro qua mirc, may thd céd thé lam méat tinh két ndi than kinh-
théng khi va gay ngwng thé

" Hau qua gay gian doan va lam gidm chat lwong giac ngu



Nektaria Xirouchaki = = = .
Eumscitia Kondili Proportional assist ventilation

Katerina Vaporidi with load-adjustable gain factors in critically ill
George Xirouchakis . . .
Maria Klimathianaki patients: comparison with pressure support

George Gavriilidis

Evi Alexandopoulou
Maria Plataki
Christina Alexopoulou
Dimitris Georgopoulos

Driving pressure during assisted mechanical ventilation @Cmm
Is it controlled by patient brain?

Dimitris Georgopoulos*™*, Nectaria Xirouchaki?, Nikolaos Tzanakis”, Magdy Younes®

= 108 BN théng khi co’ hoc kiém soat (VC hodc PC)
trong 36 gi®, hdi phuc suy hd hap cap (ARDS, 64
BN), chuyén sang PAV+ trong 48 gio.

" Danh gia ap lwc binh nguyén, Vt, driving pressure
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Proportional assist ventilation
with load-adjustable gain factors in critically ill
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Dieu hoa hé hap & bénh nhan thé may

Driving pressure during assisted mechanical ventilation @wm
Is it controlled by patient brain?

s o g 25 70 25 20 43 40 40 35 30 30 40 %
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Dieu hoa hé hap & bénh nhan thé may

* BN dwoc thong khi PAV+, tw kiém soat dp lwe day (driving pressure)
& murc thap (10cmH,O [8-12]) bang cach diéu chinh Vt theo dé gidn
né hé hé hap, st dung nhirtng co ché phan hoi phu hop, dé han ché
src nén (stress) 18n nhu mo phdi

= Co’ quan diéu hoa hé hap giup bao vé phdi bang cach duy tri dp Iwc
day trong gi®i han cho phép, va khéng giéi han thé tich lwu théng
(Vt) khi n6 khéng dem lai loii ich bao vé phéi




Theo ddi hoat ddng trung tam hé hap

Dau hiéu 1am sang

Hoat dong dién co hoanh

Ap lvc xuyén co hoanh/ap lwc hdé hap
Ap lvc dwdng théd dong (P 0.1)

W=




Hoat dong dién co hoanh

- " n e

Technigue Parameters Reference values Comments
Electrical activity of the EAdi during inspiration Amplitude of 5-20 pV per breath  Parameter of respiratory drive. Allows
diaphragm (EAdi) and expiration in ICU patients (expert opinion) assessment of patient-ventilator interaction
Neuromuscular efficiency index EAdI, Pes, Pga 0.5-2 cmH,O/pV in ICU patients  Parameter of muscle efficiency
(NME) (expert opinion)
Patient-ventilator breath EAdi and Vt during Unavailable Not yet validated in larger ICU cohorts
contribution (PVBC) assisted and unassisted
breath
Surface electromyography Electrical activity of Unavailable Non-invasive, but hampered by cross-talk of
surface electrodes adjacent muscles and movement artifacts
during inspiration and
expiration

= Eadi khong phu thudc vao thé tich phdi

Eadi twong quan v&i Pdi & nguwdi khoé manh va BN ICU

Eadi co tinh tin cay cao danh gia hoat dong co hoanh

= Tuy nhién, khéng ddng nghia lwc co co va kha nang tao lwc
Ann Transl Med

~SNT10O.~/TOQO\.DOD0 7




Panh gia hoat déng TTHH bang P 0.1

PS7emH,0
PEEP 5 cmi,0

b "Flow
L’L:ﬁj

N

PS 14 criH,0
PEEP § cmi,0

100msec

Ap suat dwdng thd dong (P 0.1)

= Khéng phu thudc co hoc hé hap

" Khong phu thudc dap wng bénh
nhan

" Khong phu thudc stre co

Gia tri tham khao

= Binh thwong 0.5-1.5 cmH,0

= ARDS 3-6cmH.,0O

Po tw ddng, lay trung binh vai lan do

Tién doan SBT thanh cong < 3.5

cmH,0

Gia tri tién doan trén ARDS chuwa ro

Telias. The airway occlusion pressure (P0.1) to monitor respiratory drive during mechanical ventilation. ICM 2018;42:1




Panh gia hoat déng TTHH bang P 0.1

Han ché

" P0.1 ¢6 thé danh gia dwdi mare TTHH néu cé yéu co hd hap

= PEEP néi sinh c6 thé 1a mét yéu td nhiéu

=" Trong trwdng hop thd ra gang strc (co co thd ra), P0.1 co thé b
chi phdi b&i hién twong dan co thd ra trong dau thi hit vao

" Hinh dang séng ap lwc-théi gian bi anh huwdng khang lwc dwdng
thd va ap lvc may thé

= Bién thién P0.1 gilra cac nhip thd kha I&n

Ann Transl Med

~SNT10O.~/TOQO\.DOD0 7



Theo déi hoat déng co’ hd hap

Bién thién ap lwc: ap lwe thwe quén, ap lwc xuyén hoanh
PTP, tich phan ap lwc theo thoi gian
Céng ho hap, gian dd Campbell
Hoat ddng dién co hd hap

Siéu am tai giwvong

k0=

Ann Transl Med

~SNT10O.~/TOQO\.DOD0 7



Panh gia bieu do ap lwc — théi gian

>

Pga (cmH.0) Flow (mL/s)

Pdi (cmH,0)
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" Pga

" Pes

" Pdi = Pga — Pes

" PTP — Pdi: danh gia swc
manh co hoanh

" PTP — Pes:
= WOB thang autoPEEP (dd)
= WOB thang strc dan (xam)
= WOB thang sirc can (xanh)

Ann Transl Med

~SNT10O.-~/1TNOA\N.D0 7



Siéu am danh gia co’ hoanh

Diaphragm Ultrasound 1. Bé déy cO
hoanh

2. Bién do di dong
co hoanh

3. Phan suéat co co
hoanh

Structure, movement and function of the
diaphragm are provided by ultrasound through two
distinct approaches. Intercostal approach provides
end-expiratory thickness (dark blue bar) and peak
inspiratory thickness (light blue bar) enabling the
calculation of the thickening fraction of the
diaphragm (Panel A). Subcostal approach provides
excursion of the diaphragm, the diaphragm moves
caudally toward the probe during inspiration

(light blue arrows) (Panel B).

Advantages:
Widely available at the bedside
MNon-invasive

Disadvantages:
Operator dependent
« Not continuous monitoring




Bieén doi co’ hoanh — cai may thé’
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Bién do di dong co hoanh

_bdnminal Wall

-

* Pau do cong
"vung duwoi  suon,
Selected Sound Path dwong trung don va
F10-Mode dwdng nach trwdc
g A (bén phai)
- " M-mode
= Cau trdc tang phan
am quanh gan hoac

Diaphragm Dome

=

M-Mode (Time —)
End-Inspiration : |éCh .

Diaphragm Excursion Amplitude

- naar'"’l I

End-Expiration End-Expiration_ )

Caudal displacement M-mode of diaphragm 1.6-1.8 cm during quiet breathing, Cannot distinguish patient work from ventilator
displacement during  up to 7.5 cm during deep work during partially supported ventilation
tidal breathing breathing (59)




Phan suat co co hoanh

" — B-Mode

*Selected Sound Path

fer M-Mod
Chest Wall ol il

Pleura
Diaphragm Peritoneum

Liver

Diaphragm . :
VPR IM-Mode (Time ——p-) Peritoneum

‘xf End-Inspiration
eritoneu Pleura l

Liver Diaphragm
Thickness

T End-Expiration

Peritoneum

Thickening fraction (TFdi)  TFdi = (Tdi,ei - 24-53% during quiet Does not allow for direct quantification of muscle
Tdi,ee)/Tdi,ee breathing (57), up to 157% during pressures
vigorous effort (58)
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