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THONG KHI CO' HOC
NGUYEN LY CHUNG

Mechanical ventilator o
blows air, or air with increased /-
Endotracheal tube goes  oxygen, through tubes into -
through patient's mouth the patient's airways
and into the windpipe

Nasogastric tube goes
through patient’s nose

and into the stomach t Nurse periodically
checks the patient.

flowing to the patient
~ passes through a humidifier,
| warms and moistens




Thé tw nhién (Thdéng khi ap lwc am)
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Expiration Thi thé ra End-Expiration
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Th& may (Théng khi ap lwc dwong)

<

Inspiration End-Inspiration
Thi hit vao

Intra-alveolar Intra-alveolar
pressure progressively Gas No Gas pressure is
increases above Flow Flow 30cm H,0
atmospheric above atmospheric
pressure pressure
Intrapleural + Intrapleural
pressure + pressure is about
progressively 30 cm H,0 above
increases above | + + + atmospheric
atmospheric - pressure
pressure - \
Diaphragm is m Downward
progressively v movement of
pushed downward diaphragm stops

Expiration Thi thé ra End-Expiration
Intra-alveolar pressure Intra-alveolar
progressively decreases Gas No Gas pressure in
toward atmospheric Flow Flow equilibrium
pressure with atmospheric
Intrapleural pressure . 0 pressure
progressively Intrapleural
decreases fo its pressure holds
resting level atresting level
(below the & = = (belowthe
atmospheric 5 atmospheric
pressure) f— pressure)
Diaphragm - Upward
progressively movement of
moves upward fo its diaphragm stops
resting level
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Phan loai may thd

Table 5-1 Ventilator Classification System

+ Control variable

— Pressure

- Volume

» Breath sequence

- Continuous mandatory ventilation (CMV): actual rate may be
greater than the set rate with the patient-triggered breaths; backup
rate is the minimum value in case of apnea.

- Intermittent mandatory ventilation (IMV): spontaneous breaths
allowed between mandatory breaths; backup rate is the minimum
value if apnea occurs.

- Continuous spontaneous ventilation (CSV): all breaths are
patient-triggered.

« Targeting scheme

— Set point

- Dual

- Servo

- Adaptive

- Optimal

— Intelligent



Cau tao may th®




Control variables (bién so kiém soat)

« M6 ta kiéu kiém soat ap lwe, thé tich, dong
khi trong thi thé vao.

« Luén hang dinh

« GOm: ap lwc, thé tich, dong khi, thdi gian

« Dual control: c6 sw chuyén dbi kiéu kiém soat

trong mét chu ky hé hap



Control variables (bién sb kiém soat)

Pressure control
A
No
: Does pressure Yes

Observation > p .
and previous waveform change
knowledge when patient’s

resistance and

compliance change?

Time control Volume control

Yes l Yes
Does volume No s Is volume measured
waveform change and used for control of
when patient’s the volume waveform?
resistance and
compliance change? f No

¥

Flow control



Breath sequence (kiéu thé)

« Kiéu thé tw nhién: bénh nhan bat dau va két
thic 1 nhip th® (kiém soat T va Vi)
- Kiéu th& bat budc: may thé bat dau hoac két

thuc 1 nhip th® (kiém soat T hoac Vi)

Breath is
mandatory

A

No No
Observation Is inspiration Is inspiration
and : initiated Yes terminated Yes: £ Breath is
previous " by the patient’s " by the patient’s " spontaneous
knowledge ventilatory drive? lung mechanics
or

ventilatory drive?



Phan loai mode tho

Table 5-2 Ventilation Modes Identified by Breathing Patterns
Breath-control variable ~ Breath sequence

Volume Continuous mandatory ventilation
[ntermittent mandatory ventilation

Pressure Continuous mandatory ventilation
Intermittent mandatory ventilation
Continuous spontaneous ventilation

Acronym

VC-CMV
VC-IMV

PC-CMV

PC-IMV

PC-CSV (ie, pressure
support ventilation



Phase variable (bién s6 pha)
» Mot chu ky hd hap — 4 pha
- Bat dau thé vao
* Tho vao
- Két thuc thé vao
* Tho ra
= Khai ddng mét pha nao dé trong chu ky ho
hap gdm: trigger variables, limit variables,

cycle variables



Phase variables — trigger variables
* May thd khoi déng: time-triggered
* Bénh nhan khéi dong: pressure-triggered,

flow-triggered

Flow Flow

" Flow trigger

Beginning of ‘ Beginning of |
patient effort Pressure patient effort Pressure

*_ . Pressuretrigger

B
« NAVA: trigger bang hoat ddng dién co’ hoanh



Phase variables — limit variables

« Gia tri t&i han dat dwoc triwde khi thi thd vao
cham dit nhuwng khéng két thuc thi thé vao

« GOm: ap luwc, thé tich, dong khi



Phase variables — cycle variables

- Két thuc thi the vao

* Pressure-cycled: alarm settings

» Flow-cycled: PSV (flow kh&i dau du dé dat
ap lwc téi han > gidm dén gia tri cai dat (vd.
25% peak flow) = két thuc thi théd vao

 Volume-cycled, time-cycled



Phase variables

Inspiration is Inspiration is Inspiration is Inspiration is Neurally adjusted
pressure-triggered flow-triggered volume-triggered time triggered ventilatory assist
kS } kS £l
Yes Yes Yes
Does inspiration No Does inspiration No Does inspiration No Inspiration starts No Inspiration starts when
startbecause a preset & startbecause a preset » start because a preset » because a preset time 4 apreset diaphragm
pressureis detected? flow is detected? volume is detected? interval has elapsed. activity is detected.
Inspiration is Inspiration is Inspiration is
pressure-limited volume-limited flow-limited
- EY 4
Yes Yes Yes
Does peak pressure No Does peak volume No Does peak flow No No variables
reach presetvalue > reach preset value » reach preset value - are limited
before inspiration ends? before inspiration ends? before inspiration ends? during inspiration.
Inspiration is Inspiration is Inspiration is Inspiration is Neurally adjusted
pressure-cycled volume-cycled flow-cycled time-cycled ventilatory assist
’ - -
Yes TYes Yes
Does inspiratory flow No Does inspiratory flow No Does inspiratory flow No Inspiration ends No Inspiration ends when

end because apreset ...y endbecause apreset ... endbecauseapreset ... becauseapresettime ....j apresetdiaphragm
pressure is attained? volume is attained? flow is attained? interval has elapsed. activity is detected.



Baseline variables, conditional variables

- Baseline variables: kiém soét trong thi thé ra
(PEEP, CPAP)

- Conditional variables: dung dé may thd tw
thay déi control variables hodc phase
variables v&i muc dich cai thién sw dong bd

bénh nhan va may tho.



Targeting Scheme (hé thong muc tiéu)

» Closed-loop control (hé thdng kiém soat vong kin)

1. Set point

Input Disturbances
D al settings for leaks, changes
u desired pressure, in patient load, etc.
volume, or flow
Servo |+ Output
actual pressure,
. X error Controller Controlled System | Volume, or flow
Ad aptlve comparator signal (ventilator) (respiratory system)

Optimal -
Feedback Signal
(pressure, volume, flow)

-

Intelligent



1. Set point control
 Mode thé& truyén thong

» B4c sT1am sang cai dat toan bd thédng sd may

thd (fixed parameters)

« May thé thwe hién nhw cai dat

Disturbances

Flow

Set-point ¢
Operator P >
Pressure 5
Volume E

Ventilator T Patient >
Flow or volume

Pressure -




2. Dual control

» Tai moét thoi diém, may thé chi kiém soat thé
tich hoac ap luwc
- Dual control: may thé chuyén doi (switch)
kiéu kiém soét trong mét chu ky hd hap dé
duy tri hang dinh mot/vai gia tri da cai dat san
VCV - PCV
- PCV 2 VCV



PCV =2 VCV
(volume assured pressure support ventilation)

1

y

VOLUME
PRESSURE CONTROL
CONTROL Flow limit
Pressure limit at PEAK FLOW
at INSP PRESS setting

Flow = 30%
of maximum
flow

Volume = set
TIDAL VOLUME

f-no

Ariway pressure
< set INSP PRESS

yes

yes

yes no

Cycle off

] yes

no

Fow > set
PEAK FLOW

Volume = set
TIDAL VOLUME

Cycle off yes

no



VS (Volume Support)

Upper
pressure
limit Apne
| |
Pressure ]
. 2 . U (N (. . S
5cm Hgo ‘ ] L-__._:
f e — o= / A
v/ 5
Time
© & G O,
Flow sensitivity
“-‘{\‘-. _______ { s ] ; = —\Y ____________ _._.| \‘\ _______
L = 4 3 A < =
( Cont. /' Time
exp. flow

{Courtesy Maquet, Bridgewater, N.J.)

(1), VS test breath (5 cm H20); (2), pressure is increased slowly until target volume is achieved; (3), maximum
available pressure is 5 cm H20 below upper pressure limit; (4), VT higher than set VT delivered results in lower
pressure; (5), patient can trigger breath; (6) if apnea alarm is detected, ventilator switches to PRVC



VS vs VAPS

- Volume support: ap lwc dwgce dieu chinh trong
vai nhip thé sao cho dat dwgrc V- mong muon.
» VAPS: néu V; mong muon khong dat dwoc voi
ap lwc da cai dat, may thd chuyén sang ngay

sang flow control ngay trong cung nhip tho:.



VCV - PCV

(pressure limited ventilation)

Cycle off

yes

Volume = set
tidal volume

no

v

Alarm
“Volume not
constant”

Cycle off

VOLUME
CONTROL
Flow limit

at FLOW setting

Inspiratory time
= Tinsp setting

no

= Pmax setting

yes

Airway pressure

I
yes

Y

PRESSURE
CONTROL
Pressure limit

at Pmax setting

Tidal volume
= Vit setting

yes

|

Stop
inspiratory
flow




3. Servo control
(PAV, NAVA)

« Do lwdng va khuéch dai dong hit vao cia BN

Disturbances

Set-point

Elastic load | Ventilator|—>| Patient
——

Operator

¥

Resistive load

Pressure, volume, and flow

Pmus = Loadpormal + Loadgjsease

Pmus * Pvent = Loadporma + LOadgisease



4. Adaptive control

(pressure regulated volume control)

» Thay d6i mirc kiém soat ap lwc dé dat thé tich

khi lwu théng mong muodn

Dperatnr| Set-point | Set-point

| Volume Adjustment*

Exhaled

Pressure

Disturbances

¥
> Ventilator » Patient

volume

‘ Flow

Pressure




PRVC (Pressure Regulated Volume Control)

Trigg
Upper sensitivity
pressure Resp. cycle =
limit
Insp. Exp.
Pressure < ><—>
A 5 cm H,0O | M—
—gemme | 1 &% i
i >
Time

/ /
r/ / [
-— Cont. Time
sensitivity exp. flow

(Courtesy Maquet, Bridgewater, N.J.)

PRVC. (1), Test breath (5 cm H,0O); (2) pressure is increased to deliver set volume; (3), maximum
available pressure; (4), breath delivered at preset y ., at preset f, and during preset T,; (5), when V-
corresponds to set value, pressure remains constant; (6), if preset volume increases, pressure
decreases; the ventilator continually monitors and adapts to the patient’ s needs



5. Optimal control
(adaptive support ventilation)

» Thay doi nhiéu théng sb cai dat dé tdi wu hoa

Model
Minimize
work

Set-point | get- pnlnt

cdng hd hap

Operator > <
pe Patient |Adjustment "
weight E
= =
2l gl o o
= E
2| S| 5 o
o T E Disturbances
a| £ :
¥ L ¥ L
”| Ventilator > Patient »

=

Flow

Pressure




Phuwong trinh van dong

A transairway pressure
A flow

resistance =

flow
L o+ -

transainway
pressune

{ —-— _l_ transrespiratory

pressure

transthoracic
r M\ volume pressung
o
Y Y
i _ A volume lastances = A transthoracic pressure
mplance = A transthoracic pressune elas ce= A volume

Equation of Motion for the Respiratory System

Pyant * Pmuscles = elastance x volume + resistance x flow




Phuwong trinh van dong

*P ot P mus = VIC+ RXF

vent Mus
» \Jolume control: (ap lwc thay ddi)

* BN hitvao = P _, gidm = mat dong bd

» Pressure control: (ap lwc hang dinh)
* BN hit vao - Vt va F tang - cai thién sw
dong b (tén thwong phdi do thé tich)



CAC PHUONG THUC THONG KHI
CO HOC TRUYEN THONG



NOI DUNG

Théng khi kiém soat thé tich (volume-controlled ventilation) &
thdng khi kiém soét ap suat (pressure-controlled ventilation)
Thoéng khi bat budc lién tuc (continuous mandatory ventilation)
Thong khi tw phat lién tuc (continuous spontaneous ventilation)

- Ap suat duwong thd dwong lién tuc (continuous positive

airway pressure)

« Théng khi hd tro &p suat (pressure support ventilation)
Théng khi bat budc ngat quang dong bd (synchronized
Intermittent mandatory ventilation)

Théng khi hd tro toan bd so v&i hé trg mdt phan



GIO| THIEU

. Phwong thire thong Khi (mode) — twong quan
gitra kiéu thé va cac bién so chu ki thé

 Lira chon mode thwong dwa trén:

 Kinh nghiém cua bac si lam sang

« Khuynh hwéng cua don vi lam sang

> Khong cé mode nao wu thé hon cac mode con
lai (khéng dd bang chirng y khoa)




CAC PHUONG THUC THONG KHi

Table 6-1 Ventilator Modes

Control variable; Control variable;
Mode Mandatory breath Spontaneous breath Name
CMV Volume None VC-CMV
Pressure None PC-CMV
CSV None Pressure CPAP or PSV
SIMV Volume Pressure VC-SIMV

_ Pressure Pressure PC-SIMV




THONG KHi KIEM SOAT THE TiCH
& THONG KHi KIEM SOAT AP SUAT

* Hal phuwong thire thong khi co hoc (TKCH) thwong
gap nhat.

« May th® ludn kiém soat ca thé tich (Iwu lwong) va
ap lwc trén duwdng tho.

» Cac phuwong thirc thong khi muc dich thé tich
(volume targeted) [PT kiém soét thé tich diéu hoa

ap suat (pressure- regulated volume control) &

thong khi ho tro thich trng (adaptive support
ventilation)]: diéu chinh ap suat dé dat thé tich khi

lleu thOng cai dat trwére.



THONG KHi KIEM SOAT THE TiCH
& THONG KHi KIEM SOAT AP SUAT

Volume/Flow Control Pressure Control

inspiration expiration inspiration expiration

PRESSURE /]

Phvsicianl

o A.‘L . - . ‘l"_‘:"‘. \\'/

t t

/




“Kiém soat thé tich” =

may thd kiém soat lwu

lvong khi thd vao

Tidal
volume

Inspiratory
flow rate &
pattern

Inspiratory
time

Expiratory
time

|:E ratio

1 Important variables and their interaction during volume-controlied ventilation.



“Kiém soat ap suat” =
dong khi hit vao sé
giam ngay khi ap suat
trong phé nang dat
dwoc muc ap suat cai
dat.

Resistance %
Tidal '
Compliance Inspiratory Expiratory
time time

I:E ratio

Pressure
control

Pressure
rise time

Mean
airway
pressure

Important variables and their interaction during pressure-controlled ventilation.



THONG KHi BAT BUOC LIEN TUC
(CMV)

« Dwoc cai dat mét tan so toi thiéu.
* Nhip tho co the dwoc trigger boi BN (VO’I tan soO thé
cao hon tan s6 cai dat), nhwng tat ca cac nhip thé

déu la nh|p thd “bat budc” bdi may thd (may thé sé
ho tro moi nhip thé cta BN).

- C6 2 phuong thirc: kiém soét thé tich va kiém soat
ap suat.

» CMV = A/C (assist/control ventilation — théng khi ho
tro/kiém soat).

» Khong phai la mode thong khi kiém soét co hoc (du
cho BN dworc thong khi 100% bo&i may thd, do ciing
la do tac dung cla thudc hodc co ché sinh Iy bénh)
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Figure 6-3 Volume-controlled continuous mandatory ventilation. Note that the breath can be triggered
by the patient or the ventilator. After the breath is triggered, every breath type is mandatory.



THONG KHIi TU PHAT LIEN TUC

» Tat ca cac nhip thé la “tw phat” (dwoc trigger va
cycle béi BN).

« 2 phwong thre thdng dung nhat:
» Ap lwc dwdrng thd dwong lién tuc (continuous
positive airway pressure - CPAP)
» Thong khi ho tro &p suat (pressure support
ventilation — PSV)



AP SUAT BPUONG THO DUONG
LIEN TUC

« Khéng co nhip thé “bat budc”, chi cé nhip thd “tu
phat”.

« MOt &p suat dwong - cai dat trwdc - dwoce duy tri
trong su6t chu ki thong khi.

« CPAP = 0 > ap suat cai dat bang v&i ap suat
mOi tredng bén ngoai.

* Gilp danh gia kha nang tv thé cua BN.

« TOt hon khi trigger Iwu lwong (so véi trigger ap
suat).

e Lwu y: mot s may thd thé hé madi ludn cé6 mot
muc PSV 1-2cmH,0 khi cai mode CPAP.
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Figure 6-4 Continuous positive airway pressure. Note that every breath is spontaneous.



THONG KHi HO TRO AP SUAT

 NO Iwe hit vao cua BN dwoc ho tro bdi may thd
v&i mot mire ap suat thd vao cai dat truée.

BN sé& quyét dinh tan so th®, thdi gian thd vao va
thé tich khi lwu théng.

» CO thé cai dat ché do thong khi dw phong
(backup)

 Thwong la chu ky lwu Iwo’ng bat dau thi thé ra
khi lwu lwong khi thé vao gidm dén mot miee
dwoc quy dinh b&i may thd (con co chu ki ap
suat va chu ki thoi gian).



THONG KHI HO TRO AP SUAT (tt)

« Mtrc lwu lwong gitip may thé bat dau thi thd ra la;

* Lwu lwong cb dinh,

* Lwu lwong dwa trén lwu lwong dinh thé vao,

* Lwu lwgng dwa trén [wu lwgng dinh thé vao va
thoi gian két thac thé vao.

« M6t s6 may thé thé hé mai: co thé diéu chinh:

» Lwu lwong két thic (mre lwu lwong dwoc may
th& nhan biét dé chuyén qua thi thd ra twong
thich v&i BN),

* Thoi gian tang lwu lwgng (thoi gian. can dé dat
dwoc mire ap suat hé tro’) & thoi diém bat dau thi
thé vao,

» Thoi gian thé vao toi da.
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Figure 6-5 Pressure support ventilation. Note that every breath is triggered by the patient and is
flow-cycled.



THONG KHI BAT BUOC NGAT QUANG
DONG BO

* SIMV : cac nhip tho “bat budc” (kiém soat thé
tich hodc ap suat) ngat quang, xen k& cac nhip
thd “tw phat”.

« Cac nhip th® “bat budc” dwoc dong bd véi nd
luwc thd vao cua BN.
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Figure 6-6 Synchronized intermittent mandatory ventilation illustrating mandatory and spontaneous
breaths. The mandatory breaths are volume-controlled.



THONG KHI BAT BUOC NGAT QUANG
DONG BO (it)

» Néu BN khong thé vao, nhip thé “bat budc” dwoc
kich hoat dwa trén thoi gian cai dat trwdc (thong
qua ctra s6 ho tro).

« Khi “ctra s6 hd tro” nay ma:

« Néu BN né lwc thé vao = BN kich hoat nhip
thd “bat budc” (thwcyng c6 hé tro ap suat)

« Néu BN khong no lwc thed vao = may thé kich
hoat nhip th® “bat budc’

« Cai dat tan so thd thap/SIMV = BN phai né lwc
tp thé nhiéu hon (ca trong cac nhip th& do may
kich hoat)



Pressure

Time

Figure 6-7 Pressure waveform for synchronized intermittent mandatory ventilation illustrating the
assist window for synchronization of mandatory breaths.
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Figure 6-8 Synchronized intermittent mandatory ventilation with pressure support for the spontane -
ous breaths. The mandatory breaths are volume-controlled.



HO TRO THONG KHi TOAN PHAN/
MOT PHAN

Poent ¥ Pmus = V/C + VR

Pmus=0 = co HH khdéng hoat déng = “ho tro’
toan phan - full support” = BN khong trigger -
CMV

NN: bénh Iy nguyén phat, tac dung cua thudc,
tang thong khi

—->Giam tiéu thu oxy cua BN nh& giam cong tho
+ kiém soat thdng khi cia BN



HO TRO THONG KHi TOAN PHAN/
MOT PHAN

Nhip thd dwee kich hoat moét phan bdi BN va mét
phan béi may théd = “hé tro mot phan — partial
support”™ — CMV, SIMV, PSV.

>dung dé tap cai may hoac giup duy tri trwo’ng
lwe co HH cua BN (BN kiém soat nhip th®, dé
dong bd véi may théd hon va thay thoai mai hon)



MOT SO PIEM CAN NHO

CMV: tat cd cac nhip thé déu la “bat budc”, kiém soat thé
tich hodc ap suéat

CPAP: tat ca cac nhip th® déu la “tw phat”

PSV: N6 lwc thé vao cia BN dwoc ho tro bdi moét mire ap
suat thd vao cai dat trwdc

SIMV: ¢6 ca nhip th® “bat budc” va “tw phat”, trong do nhip
thd “bat budc” dwoc dong bd hda véi nd lwe ciia BN

H6 tro thong khi toan phan: may théd dam bao tat ca cac
hoat ddng ho hap ctia BN

Ho tro thoéng khi modt phan: may thé chi ddm trach mot phan
cong hd hap, con lai la cia BN.



MOT SO CAC THUAT NGU KHI
SU DUNG MAY THO

Mode: thwdng giai doan nay str dung mode A/C,
can nhac dung thong khi thé tich (volume
ventilation) hoac ap lwc (pressure ventilation)
dwa vao:

 Tinh trang bénh ly cua bénh nhan.

» Thuan Igi va bat loi ctia théng khi thé tich va
thdng khi ap lwc.

« S quen thubc cua ban than va ca € kip.




Sensitivity (trigger):

« CO tinh trang auto trigger khong ? Do cali mwc
trigger thap (thwong do lan 10n gilra trigger
dong (LPM) va trigger ap lwc (cmH20)).

« Co tinh trang gang strc cua BN mai kich hoat
dwoc nhip thd clia may khéng? Néu co:

v Do cai murc trigger qua cao? Kiém tra lai
murc trigger cail.

v Do sw hién dién cua autoPEEP (PEEP néi
sinh).




autoPEEP

Auto-PEEP or Intrinsic PEEP

Dwa vao:
- Xem biéu d6 Iwu lwong dong va ap lwc duwdng
tho.

- Phan I&n cac may thd hién nay déu cé thé
nhan dién auto PEEP va hién thj 1én man hinh.



Biéu dd lwu lwong dong va ap lwc dwdng thé khi
co autoPEEP

""" Normal
Flow ¢ X . === Obstruction
uol >
thi thé ra £ [Tie -
chwavé 0
B

}A‘m'PEEP lTotal PEEP
]

Pressure

Source: South Med J @ 2009 Lippincott Williams & Wilkins



Do auto-PEEP trén may thé

mahar
E0)-

40- Poosh
Fl:lllll E'd
. 57 =,."I [RL

0 7 4 i 8 x A0
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Cac thdng so thé tich
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Cac thdng so theé tich

Normal Lung Obstructed Lung

Figure 4-2. How obstructive lung disorders alter lung volumes and capacities. IRV = inspiratory reserve volume; Vr =
tidal volume; RV = residual volume; ERV = expiratory reserve volume; TLC = total lung capacity; VC = tidal capacity;
IC = inspiratory capacity; FRC = functional residual capacity.



Théng khi khoang chét va
thdng khi phé nang
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THONG SO THE TIiCH

Thé tich khi lwu thédng Vt (Tidal volume):

May thé do va hién thi trén man hinh Vt hit vao (Vti)
hoac thd ra Vte:

Poi v&i thong khi thé tich:

Vi hién thi thap hon Vt cai dat:
khi ap lwc dwdng thd tang cao, vwot mirc cai dat
bao dong ap lwc duwdng thd cao (high alarm limit)
— may tho tw dong xa khi ra b&t gay giam Vt, day
la co’ ché bao vé clia may thé dé tranh ton thuo’ng

phdi do ap lwc dwcyng thé tang cao qua muc
(khéng phéi may thé nao ciing cé co ché nay).



Thé tich khi lwu thédng Vit (Tidal volume) doi voi
thong khi ap lwc: Vt sé thay déi tiy thudc vao

v Muwrc ap lwc cai dat.

v' Thoi gian hit vao.

v' Kha nang hit sdu cua bénh nhan.
v' Strc can duwong thé (resistance).
v Do gian né& cta phdi (compliance).



Cac thdng s ap lwc
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Cac théng so ap lwc

- Ap lwc day (Driving pressure):
— La chénh léch ap luc gitra diém dau va diém cudi cla
ong tho.
— Pay chinh 1a &p lwc dé day khi qua dwdng thé

Gas Flow
20 mm Hg . 5 mm Hg

Driving Pressure
15 mm Hg



Cac thong s ap lwc

« Ap suat xuyén dwéng thé (Transairway pressure (P,.))
— La khac biét ap suat khi quyén gitra miéng (P,,) va ap

suat trong phé nang (P,,,)

— Pta = Pm — I:)alv
A Gas Flow
3 Pm =760 mm Hg — T’.??ei?ﬂvrfy
' —» + 3 mm Hg
-3mmHg -

Gas Flow
— Pm =760 mm Hg

oA

Palv =757 mm Hg_

Inspiration

Expiration



Cac thdng s ap lwc

» Ap suat xuyén phoi (Transpulmonary pressure (P,,))
— L& khéc biét gilra ap suat trong phé nang (P,,) va &p
suat trong mang phoi (Py)

_ Ptn = ID.’—)Iv _ IDnl
A Pg =761 mm Hg G
Transpulmonary
Gas Flow Pressure Gas Flow
Paly = 760 mm Hg Paly = 763 mm Hg
' :|—» 5 mm Hg d—{ )k‘

Ppl = 755 mm Hg Pp| =758 mm Hg

Inspiration Expiration



Cac thdng s ap lwc

. Ap suat xuyén ngwc (Transthoracic pressure (Ptt))
— La khac biét gira 4p suat trong phé nang (P,,) va ap
suat bé mat co thé (P,,)
_ Ptp =P IDbs

alv —

Transthoracic
Gas Flow Pressure Gas Flow

Paly = 757 mm Hg Paly = 763 mm Hg
-3 mm Hg I .
+ 3 mm Hg

Pps = 760 mm Hg Ppg = 760 mm Hg

Inspiration Expiration



THONG SO AP LUC

Cac ap lwc dwdng thé can theo doi:

« Ap lwc dinh

« Ap Iwc binh nguyén

e Ap luc cudi thi thé ra PEEP, autoPEEP
« Ap lwc trung binh




Ap Iwc nén (baseline pressure):
* La ap lwc dwdng tho thi tho ra.
« Ludn bang 0 (bang ap lyc khi quyen) trir khi co

cai dat PEEP hay c6 sw hién dién cua
autoPEEP.

Ap lvc dinh dwdng thé (peak inspiratory
pressure):

» La ap lwc cao nhat clia dwong thé trong thi hit
vao
*Laap lwc can thiét gé tong kKhi vao ph0| thang._

lai stec can dwdng thé va 1a ap luc can thiét dé
théng khi phé nang



Ap lyc dinh dwdng thé phu thudc vao:

» Thé tich khi lwu théng Vit

* Lwu lwgng dong khi (flow)

» Strc cén dwong thé bao gom cé ong ndi khi
quan

» PO gian n& cua phoi

 Mirc PEEP.

Dé giam ton thwong phoi do thd may, Vt can cai
dat de ap lwc dinh <40 cmH,0.




Ap lwc binh nguyén duwdng thé (plateau pressure):

- La ap lwc dwdng thé cudi thi hit vao, khi cé khoang
ngwng (pause) tw 0,5-1,5 giay.

- Vao thoi diém nay ap lwc dwdng thd twong dwong
ap lwc phé nang.

pé glam ton thwo’ng ph0| do thd may, Vt (mirc ap

lwe) can cai dat dé ap lwc binh nguyén < 30
cmH,0.

Trong qua trinh theo doi BN:

« Néu ap _Iwe binh nguyen tang la do glam do gian no
cda phbi: ph0| viem, phu, hoac tran mau, dich, khi
mang phoi.

. Neu ap lwe binh nguyén giam la dé gian n& cua
phdi cai thién.



SUC CAN

Swrc can (resistance, Raw)

e Src can hay con goi 1a lwe ma séat do cau trac
g|a| phau cua dwo’ng thd, strc can cua phoi va
cac co quan ké can. Cong thirc

Raw = (PIP — Pplateau) / Flow (Ligiay)

 Binh thwong Raw = 0,6 —» 2,4 cmH,O/L/giay
voi lwu lwong dong khi Flow 30 LPM

« O BN c6 dat ndi khi quan Raw = 6
cmH,O/L/giay

gia tang khi kich thwéc 6ng ndi khi quan nhd



SUAT DAN

Po gidn né (compliance, C, dd dan hdi, suat dan)

» D0 gidn né clia mot cau tric la dac tinh dé dang dwoc
bom phong Ién hoac khong.

» D) gién n& duoc dung dé do lwc dan hoi khi phdi duoc
thong khi va dwoc dinh nghia nhu sy thay doi vé thé tich
twong rng voi sy thay déivé apluc C =AV /AP

Céng thire tinh dé gian no:

D6 gian nd tinh: static compliance (Cs)

= Vte / (Pplateau — EEP)
EEP: end expiratory pressure: ap lwc cudi thi thd ra
Cs binh thwong @ BN c6 dat NKQ:
Nam 40 — 100 ml/cmH,0O
NG 35 — 100 ml/cmH,0.



\

SUAT DAN

Cong thire tinh d6 gian no:
D6 gian ndé tinh: static compliance (Cs)
= Vte / (Pplateau — EEP)

EEP: end expiratory pressure: ap lwc cudi thi
tho ra

Cs binh thwdng & BN c6 dat NKQ:
Nam 40 — 100 ml/cmH,0
N 35 — 100 ml/cmH,0.



HANG SO THO'l GIAN
Time constants

Hang so thoi gian “Time constants”:
Time constants = compliance X resistance

s

Phan anh thdi gian can thiét dé lam day phdi hodc thai
ra khoi phoi mét thé tich khi nhat dinh.

1 time constants = thdi gian dé 63% Vt dwoc hit vao hay thé ra.

2 time constants = thdi gian dé 86% Vt dwoc hit vao hay thé ra.

3 time constants = thdi gian dé 95% Vt dwoc hit vao hay thé ra.

4 time constants = th&i gian dé 98% Vt dwoc hit vao hay thé ra.

5 time constants = thdi gian dé& 100% Vt dwoe hit vao hay thé ra.

Dung “Time cqnstants” dé cai th&i gian hit vao hoac
tho ra toi thieu.



Peak Alveolar and Transpulmonary Pressures

P(t) = V{/Cr+ Flow x Ry + PEEP tot

Alveolar Pressure

Piranspuimonary = Palveolar - Ppleural Poiat = Maximum Palveolar

Transpulmonary pressure is a key determinant of
alveolar distension.




Ap lwc dwong the va ap lwc phé nang

Pressure
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c Peak pressure
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Ap lwc day (driving pressure)

Airway
Pressure

Driving
Pressure

T PEEP

Driving pressure = Vt/Crs = Ppla - PEEP



Suat dan cua phdi va 16ng nguc

dv
Chestwall ‘
dv
€= GPaPp)
s dv

=
d(Ppl-P,) dPpl

v _ dV
Crs®  GPaPy - dPA

1ICR3 8 1IC|_ + "ch

Alveolar pressure : Pa
Pleural pressure : Ppl
Body surface pressure: P,=Pe=0



Ap lwe mang phoi (Py) va
ap lwc xuyén phoi (P,)

RN <




Ap lwe mang phoi (Py) va
ap lwc xuyén phoi P,)

* P... - Mouth or airway opening pressure
« P, - Airway pressure (= P,,,)

* P, - Alveolar pressure

* P14 = Transairway pressure (Paw — Palv)
* P, - Intrapleural pressure

« P_or P, = Transpulmonary pressure
(PL = I:>alv - I:)pl)

* P, - Body surface pressure

 Pw or PTT = Transthoracic pressure (Palv —
Pbs)

 PTR = Transrespiratory pressure (Pawo — Pbs)



Ap lwc mang phdi va ap lwc thwe quan

Ventilator Esophageal
Pow catheter




Ap lwc xuyén phoi (P,)
va nhip tho tw nhién

PL="Paw— |:]'pl

PL=30-5=25cmH;0 PL=30-{20) =50 cmH,0

AR

Mechanical ventilation without inspiratory efforis Mechanical ventilation with strong spontaneous inspiratory breath



Ap Iwc xuyén phoi (P,) &
“stress” & “strain”

Partially collapsed alveolus




The transpulmonary driving pressure, lung stress, respira-
tory system, lung and chest wall elastance were computed
according to the following formula [25, 31):

ivi S8 emH,0)
= [Alrway pressure plateau  (ecmH,0)

~Alrway pressure PEEP (emH,0)|
~ |[Esophageal pressure plateaun (emH,0)
~Esophageal pressure PEEP (emH,0)]

Lung stress (emH»0)
= |Alrway pressure plateau (emH,0)

~ Atmospheric pressure (emH,0)|
~ |[Esophageal pressure plateau  (emH,0)
~Esophageal pressure atmospheric pressure
(cmH-;())]

Respiratory system elastance (Ers) (w9

Alrway pressure plateau (emH,;0)
~ ~Airway pressure PEEP(ecmH,0)

. Tidal volume (L)

Lung elastance (El) (")

_ Transpulmonary driving pressure (emH,0)
= Tidal volume (L)

Chest wall elastance (Ecw) ("'#4)
Esophageal pressure plateau (emH,0)
~Esophageal pressure PEEP(cmH;0)

Tidal volume ( L)




CAC PHUONG THUC THONG KHi
CO HOC HIEN DAl



Dual-Controlled Modes

May thé

Mode thé

Dual control trong mét nhip
tho

VIASYS Healthcare: Bird
8400Sti and Thbird

VIASYS Healthcare: Bear
1000

Volume-assured pressure
support (VAPS)

Pressure augmentation

Dual control gitra cac nhip
thd:

Pressure-limited flow-
cycled ventilation

Siemens servo 300
Venturi

Volume support (VS)
Variable pressure support

Dual control gitra cac nhip
tho:

Pressure-limited time-
cycled ventilation

Siemens; servo 300

Hamilton; Galileo
Drager; Evita 4
Venturi

Pressure-regulated
volume control (PRVC)

Adaptive pressure vent.
Autoflow
Variable pressure control

Dual control gitra cac nhip
tho:

Hamilton; Galileo

Adaptive support
ventilation (ASV)




Dual Control trong mot nhip thé
VAPS volume-assured pressure support

» Co ché feedback dwa trén do V- lién tuc

« Chuyén tlr pressure control sang volume control
trong cung mét nhip thd néu khéng dat dwoc Vit
da cai dat.

Bear 1000 Bird 8400Sti



Dual Control Breath-to-Breath
pressure-limited flow-cycled ventilation
Volume Support

Servo 300 Maquet Servo-i



Dual Control Breath-to-Breath

pressure-limited time-cycled ventilation
PRVC : Pressure Regulated Volume Control

Servo 300 Maquet Servo-i



Dual Control Breath-to-Breath
ASV: Adaptive Support Ventilation




Lam am khi hit vao

« 2 cach lam am khi hit vao

May lam am Mii nhan tao




Physician
control

MODE PATIENT CONTROLS
Volume Controlled =
Volume Assisted / Controlled RR
RR
VAPS  Volume Support Flow-profile
ElR fil
i ow-prortiie
PCV (assisted) = d;\i \p/olulme
APRV
RR _
PSV o Voo
Inspiratory Time
RR Patient
Flow-profile
PAV I NAVA Tidal Volume freedom

Inspiratory Time
Airway-pressure assistance




Alarms Setup

Adjust Limits

Auto Limits
Default Limits
Leak Limit
Apnea Time
Alarm Volume
High Alert Audio
Alarm History

Previous Menu

Push ComWheel to adjust
limits manually

Ppeak

02 PEEPe
Fl cmH20

MVexp

Cau tao may th& - Alarm

Alarm Limits

TVexp RR

/min

PEEPI Paux

cmH20 cmH20







