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Co hoc phéi la gi?

* L3 cac théng sé co hoc phan anh

tinh dac diém chirc nang cda phoi. i /

transalrway

* Qua do danh gia tinh trang churc e
nang, murc do ton thwong cta phoi

dé diéu chinh may th& phu hop.

compliance Avolume Apressure




NOi dung

* Co hoc tinh cta phoi: thay déi anh huwdng dén thé tich va kha nang

dan hoéi cta phoi trong khi khdong cé dong khi di chuyén.

* Co hoc déng cua phdi: thay doi khi cé su di chuyén cia khi trong

phoi (Luu lwong va khang luc)



Co hoc tinh

Atmospheric pressure: 0 cm H,O Atmospheric pressure: 0 cm H,O

» Luc lam phong (inflate) oo

Air flows in : atmospheric
pressure > alveolar pressure

~._ Outward recoil

of chest wall Force generated by

/ inspiratory muscles

phoi: Thong sb ap luc

Alveolar pressure:
0cm H0O

Alveolar pressure:
-1 cm H20

> Luc lam xep phéi (deflate):

Y

Inward recoil

Intrapleural pressure: !
of alveoli

tllnh dén h\é\)l, SUé,t dén ph6|’ -5cmH,0

Intrapleural pressure:
-8cm H,0

{
N \/.L‘\

surfactant o o e pressue =

Transmural pressure =
=1 c¢m HyO—(-8 em H,0) = +7 cm H,O

End expiration During inspiration
Source: Levitzky MG: Pulmonary Physiology, Eighth Edition:
accessmedicine.com

IWLAC
Copyright @ The McGraw-Hill Companies, Inc. All rights reserved



Thoéng so ap luc

( Paw

PR

Pra

Pw

or Prr
\ Palv

PL

or Ptp
P.wo - Mouth or airway P, or Pyp = Transpulmonary pressure

opening pressure (P =Payv— Ppl)

Pai - Alveolar pressure P, or Pt = Transthoracic pressure
PpI - Intrapleural pressure (Paiv = Ppg)

Pys - Body surface pressure Pa = Transairway pressure (P, — Paw)
P.w - Airway pressure (= P, ) Prr = Transrespiratory pressure

(Pawo - Pbs)

Fig. 1-1 Various pressures and pressure gradients of the respiratory system. (From
Kacmarek RM, Stoller JK, Heuer AJ, editors: Egan’s fundamentals of respiratory care,
ed 10, St Louis, 2013, Elsevier.)

= Pressure

o Flow

PEEP

PIP

resistance
P, flow

compliance
tidal volume

e e e

Time

Time



Cac thong sd ap luc

 Ap suat xuyén dwong thé (Transairway pressure (P..))
— La khac biét dp suat khi quyén gitta miéng (P,.) va ap suat trong phé nang (P,,,)
— P =Py =Py
— L3 ap lyc can thiét tao ra dé thang khang luc duong thd = day khi vao phé nang

A Gas Flow Gas Flow
Transairway
s = - — Pm =760 mmH
=280 mm Hg Pressure & 9
. —» + 3 mm Hg A‘
-3mmHg - .
Paly =757 mm Hg— — Py = 763 mm Hg

Inspiration Expiration



Cac thong sd ap luc

* Ap suit xuyén phdi (Transpulmonary pressure (Pp))
— La khdc biét gitra ap suat trong phé nang (P
— Py =Pay =Py
— La 4p luc gitr cho phé nang luon phéng (alveolar distending pressure)

alv

) va ép sudt trong mang phoi (P )

Pg =761 mm Hg

A B
Transpulmonary
Gas Flow Pressure Gas Flow
Paly = 760 mm Hg Paly = 763 mm Hg
. :|—> 5 mm Hg q—{
Ppl = 755 mm Hg Ppl =758 mm Hg

Inspiration Expiration



Cac thong sd ap luc

 Ap suat xuyén nguc (Transthoracic pressure (Ptt))
— La khac biét gilra 4p suat trong phé nang (P,,,) va ap suat bé mat co thé (P,,)
- Ptp = IDalv o IDb

— La 4p lwc dé lam co hodc dan phéi va thanh nguc cung luc.

alv

S

Transthoracic
Gas Flow Pressure Gas Flow

Palv = 757 mm Hg Paly = 763 mm Hg
-3 mm Hg A
- ‘ -
+ 3 mm Hg «{

Pps = 760 mm Hg Pps = 760 mm Hg

Inspiration Expiration



Suat dan cta phoi (Lung compliance (C,)):

— Sudt dan dwoc dinh nghia 1a sy thay ddi thé tich phoi (AV) trén
mot don vi thay doi ap suat (AP). bon vi cua C,la L/cmH20.
_C o= AV
L AP (cmH20)

— Binh thwong, C, trung binh khodng 0.1 L/cmH20. Tirc méi 1 cmH20
ap luc, lam thé tich phoi tdng thém 100ml

— Suatdannguoclaivdidddanhdichaphoi

¢ =1

E E Key Point 1-1 Normal compliance in spontaneously breathing
patients: 0.05 to 0.17 L/em H,0 or 50 to 170 mL/cm H,0

Normal compliance in intubated patients: Males: 40 to 50 mL/em H,0, up to
100 mL/cm H,0; Females: 35 to 45 mL/cm H,0, up to 100 mL/cm H,0



Suat dan cua phoi

Floppy balloon P\ = Intracavitary pressure
@ Aleolus
-
Normal balloon - \ l
Volume =
Stiff balloon l
Alveolus
=
( - =
Floppy Normal Stiff _—
balloon balloon / balloon —
P
P|N |:’|N N l
Aneolus —
Transmural pressure (P - Patm) Pt = 0 l
dalim =
jm—r
[

20 25 30 35 40 45 50 55 60 65

Pressure (cm Hz0)
Positive or Negative



Volume
Change

(L)

Thay d6i suat dan cua phoi

6 =

Increased Compliance
5 =
4 1 ! ! - - Normal Compliance
3 —-

Decreased Compliance

Pressure (cm H20)



Nguyén nhan lam thay do6i suat
dan cta phoi
Suat dan cua phoi giam trong trwéng hop:

e Suy tim sung huyét e Tran khi mang phaéi ap
* ARDS e

. Xep phdi e Tran dich mang phoi

e Dong dic phdi * Tang ap luc 6 bung

e Xo hoéa * Phu thanh nguc

* Phé nang cing qua mic * Didangthanh nguc



Nguyén nhan lam thay d6i suat
___ danchaphéi @@
Suat dan cua phoi ting trong trwé'ng hop:
- COPD

e LA&n tudi

* Si dung gian co



Pressure

Airway pressure

Peak
inspiratory
pressure
A
<4

Peak
inspiratory
pressure

3

b

4

Do suat dan cta phoi

Inspiratory
hold

63 62 13 113 44 471 146

Plateau '
pressure

V('.'.zof-vr‘. ;
> B =

Time

Peak inspiratory
pressure

Plateau pressure

| = Coyn =

Tidal volume

\' Csrar=

Peak inspiratory pressure — PEEP

Tidal volume
Plateau pressure — PEEP

Volume

lllustration of tidal volume from positive pressure ventilation
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Strc cang bé mat va surfactant




Dinh luat Laplace

LaPlace's Law

&%‘

A
Wall Tensian (T} = Tranamural Preasure (P) 2 Radius {r]
2 x Wall Thickness (ul i
_ e—
PA> PB

Figure 2-15. Bubbles A and B have the same surface tension. When the two bubbles are in direct
communication, the higher pressure in the smaller bubble (A) causes it to empty into the large bub-
ble (B).




Vai tro cha surfactant trong diéu hoa
strc cang bé mat phé nang

e Surfactant 13 mdt hon hop bao
gdm phospholipids (90%) va
protein (10%)

 Puoc san xuat boi té bao phé
nang typ 2.

Alveolar Wall

Alveolar Fluid

* Thanh phan chinh E Ve
phospholipid dipalmitoyl s e
phosphatidylcholine (DPPC), c¢6 |ENDDRATON St Aa Sufas s
tinh wa nuwdc va ky nudc dong
thoi 2 giam dang ké sirc cang

END-INSPIRATION

b\é m ét p h é, n a n g (High Surface Tension)



Vai tro cha surfactant trong diéu hoa
sirc cang bé mat phé nang

Decreased

Surfactant

To Alveolar .

Surface Area Saline
A inflation
Surfactant 200
To Alveolar
Surface Area
150 Air
inflation
{ E
)
£ 100
-1
©
>
50
END-EXPIRATION END-INSPIRATION
(Low Surface Tension) (High Surface Tension)
A . 0 | |

0 10 20

Pressure (cm water)



PAC PIEM PONG CUA PHOI

* D3ac diém dong cua phoi dé Laminar Tuuen -
n n n ? ~N e . . ::h.. w ))Jf:) )
cap thong so cua phoi khi sy di == AN S PIAATS,
chuyén khi vao va ra phoi P2 Ir3 ool

C
e P3c diém ddéng cha phobi:

- Sirc can duong tho

AP
+
Transitional

Vs

\

- Hang s6 thoi gian

- Suat dan dong Al

e

o
y



Dinh luat Poiseuille cho lwu lwong

~ APr'm

\Y
8lm)

V: lwu luvong khi qua 6ng dan

AP: chénh léch ap suat
 r:ban kinh 6ng dan

e L:chiéu dai 6ng dan

e .35 nhét mau

e n/8:hang so

—AP—]
Sl S S—— ;" \i ———
Q Py \P2)
\——-’-‘\ ,,——b-l\  —
-
| L
POISEUILLE'S LAW
e o o
7L 8



Dinh luat Poiseuille cho ap luc

V8l
p _ Y8l

I'41T

 V:lwu lvong khi qua 6ng dan
e P:3p suat

* r: ban kinh 6ng dan

e L: chiéu dai 6ng dan

e .36 nhét mau

e n/8: hang s6



Dinh luat Poiseuille cho lwu lwong

: _V
V=A Pr? P~

Flow Rate Remains Constant
Flow Rate = Flow Rate = M

16 mL/sec 1 mL/sec

-2+— 1 cm Radius

-4+— 1 cm Radius

0.5 cm Radius —m -

0.5 cm Radius —» -

Bronchial

. Airway

Bronchial
Airway

1 cm H,0 16 cm H,O
Driving Pressure Driving Pressure

Pressure Remains Constant



Dinh luat Poiseuille cho lwu lwong

VA l:"l"l b~ \/
I
Flow Rate = Flow Rate =
16 mL/sec 8 mL/sec Flow Rate Remains Constant
A
[
1 cm Radius

-.— 1 cm Radius

.84 cm Radius —» -—

.84 cm Radius —a —-—

Bronchial
Airway

Bronchial
Airway

10 cm H,0 20 cm H,0
Pressure Remains Constant Driving Pressure Driving Pressure



Khang luvc dwong tho

Khang lwc dworng tho (Airway resistance (R,,))
— Panhgidlwc ma satmadongkhiphaivuot qua tronghdhap
— La thuwong so6 gitra ap suat xuyén duong thd (chénh léch ap suat gitra

miéng va ap suat phé nang) va van téc dong khi.

__ AP (cm H20)
_Raw — v L
(G

— Binh thuwong, R, khoang 0,5-1,5 cmH20/L/giay




Khang lwc dwong tho

E Key Point 1-2 R,, = (PIP —P,)/flow (where PIPis peak inspira-
tory pressure); or R,,, = P;/flow; example

[40-25emH,0] o)

Rav =0 U8) | ‘)

5th-7th generation

_,highest total resistance

2
; £
HOME' 3 Normal Resistance Values ; Many il a,rways 3 para"e] PR
jé lowest tg‘;al resmtapce \‘\ {, \\\ '
Unintubated Patient g -
0.6 to 2.4 cm H,0/(L/s) at 0.5 L/s flow §
Intubated Patient

Approximately 6 cm H,0/(L/s) or higher (airway resistance
increases as endotracheal tube size decreases) . ' ' '

Airway generation



Nguyén nhan lam thay d6i khang lwc dwéong the

Khéang lwe dwérng thé ctia phoi tang trong trwéng hop:

* Hen
e Tac nghé&n duwong tho



Khang lwc dwong tho

Asthma and Your Airways

. Air trapped
b, inalveoli

Tightened
smooth
muscles

Wall inflamed
and thickened

Asthmatic airway
during attack

Normal airway Asthmatic airway



bo khang lwvc dwong tho (R,,)

va suat dan tinh cta phéi (C,)

Measurement of the airway resistance (Raw) and static lung compliance
(Cst) under VCV, controlled mode, square waveform flow

Raw=(Ppeak-Pplat)/Flow Cst=eVt/(Plat-PEEP)
Raw=40-30/1 Cst=500/30-5
Paw Raw=10cmH,0/L/s Cst=20ml/cmH,0
|
cmH,0 40

- Paw
...... Palv="Pel

Vt:500ml
Flow:60llpm or 1l/s
with square waveform




Hang sé thoi gian
(time constants — T)

* La chisd dai dién cho co hoc cia mét don vi phoi thé hién tdc do
khi di vao va di ra don vi ph6i dé

* Hang s6 thoigian T, =R, xC,

TC (sec) = AP (cm H,0) x AV (L)
V (L/sec) A P (cm H,0)
(Raw) (CL)




Hang so thoi gian
(time constants — T)

Volume

Né&u mdt don vi phdi tang suat dan hay tang
khang lvc dwong thé déu danh hwdng dén khi
vao va ra mét don vi phoi

Volume

Volume

Time

C

Fig.1-5 A, Filling of a normal lung unit. B, A low-compliance unit, which fills
quickly but with less air. C, Increased resistance; the unit fills slowly. If inspiration
were to end at the same time as in (A), the volume in (C) would be lower.



Hang so thoi gian va phé nang

Identical Ry and C. Thus Time Constants Are Equal

= i O
@ Units A & B O
S Rawi= 1
=z Vol. = 1
(&)
089 <
=2
o
> : C.=1
Inflation Time (seconds) R = 1
| | | | aw
1 2 3 4 == VOI. = 1

Identical Ry, But Unit "B" Is 1/2 as Compliant as Unit "A"

CL= 1 o
fi_-')’ Raw=: 1
= Vol. = 1
(&}
(<]
£ |
=
o
4 o C .= 1/2
Inflation Time (seconds) R. = 1
1 | 1 | aw=
1 > 3 4 | Vol. = 1/2 That of Unit "A"

2

3

Co= 1 LC
2 Row =1
A et i L - Vol. = 1
= 1
(&1 1
()] 1
f= 1
= 1 1
= " : CL=1
Inflation!Time (seconds) . Raw= 2
1 1 L :t B Vol. = 1 But Takes Twice

as Long as "A" to Inflate




Hang so thoi gian
(time constants — T)

e Hang s6 thoi gian duoc dinh nghta [a thoi gian (gidy) can thiét dé
lam day/xep mot lwong dung tich phoi.

100 — 99.8%

_—" | 98.2% 99.3%

/ 95%
)G B3 Calculation of Time Constant / 86.5%
80

Time constant = C x R, N

Time constant = 0.1 L/em H,0 x 1 em H,0/(L/s) e \ Inspiratory volume
Time constant = 0.1 s © oo and pressure
In a patient with a time constant of 0.1 s, 63% of inhalation 5 60 / 83.2%
(or exhalation) occurs in 0.1 s; that is, 63% of the volume is kT
inhaled (or exhaled) in 0.1 s, and 37% of the volume remains S
to be exchanged. &
S
T 40 \
E 36.8% Expiratory volume
and pressure
A-"“/

20
\ 13.5%
\ mst
1.8%

"--..__._‘--__

0 1 2 3 o~ 5 6

0.7%

0.2%

Time constants

Fig. 1-6 The time constant (compliance x resistance) is a measure of how long the respiratory system takes to passively exhale
(deflate) or inhale (inflate). (From Kacmarek RM, Stoller JK, Heuer A, editors: Egan's fundamentals of respiratory care, ed 10,
St Louis, 2013, Elsevier.)



Hang so thoi gian
(time constants — T)

 Mode PCV: Ti~5xTc
e Te~3-4xTc

Percent of equilibration value

100

80

60

40

20

e
,-—"""-—_ 99.3%
/ 95%
/ 86.5%
\ Inspiratory volume
63,90, and pressure
36.8% Expiratory volume
/ and pressure
Py
\ 13.5%
\ 5%,
~—— 0.7%
2 3 4

Time constants

99.8%

0.2%

Fig. 1-6 The time constant (compliance x resistance) is a measure of how long the respiratory system takes to passively exhale
(deflate) or inhale (inflate). (From Kacmarek RM, Stoller JK, Heuer AJ, editors: Egan’s fundamentals of respiratory care, ed 10,

St Louis, 2013, Elsevier.)



Suat dan dong
(Dynamic Compliancal

Pressure-volume loop

 Suat dan dong duwoc tinh bang s
thay doi thé tich phoi chia cho ap
lwe xuyén phoi trong thoi gian
can thiét cho moi nhip tho

C = AV/AP Slope = compliance

Expiration

Volume ()

e Khdac vdisuat dan tinh, suat dan
dong duoc do khi co dong khi luru
thong

Inspiration

4> Airway resistance
—— Dynamic compliance

..... Static compliance

Transpulmonary pressure (H20)



g/suat dan tinh

Suat dan doén

M- - LB B

Normal Airways

Obstructive Disease

aoueldwon bun
aoueljdwo) anweuiqg

75

Breathing Frequency

(breaths/min)



Suat dan dong/suat dan tinh

If static compliance and If the dynamic compliance has
dynamic compliance are both decreased whereas the static
decreasing, it means that the compliance has remained
lung is becoming stiff relatively unaffected, it means

« Pulmonary edema that the airway is obstructed

* Consolidation * Endotracheal tube obstruction
* Atelectasis * HME blockage
* Pleural effusion * Endotracheal tube kinked or bit upon

* Pneumothorax * Bronchospasm




TAKE HOME MESSAGE

e Hiéu duwoc cac dac diém tinh cda phoi: thdong sb thé tich, suat dan,
strc cang bé mat

 Hiéu duoc cac dac diém dong cha phdi: khang luc dudng thd, hang
sO thoi gian, suat dan dong...

» Ung dung co hoc phdi trong cai dat may thé va theo ddi bénh nhan
tho may






