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Sistem Pernafasan

* Proses
Ventilasi
Difusi

Transportasi
Difusi

* Pengaturan
pernafasan

Air
Fo, = 160 mmHg
Pea, = 0.3 mmHg

Lung capillaries

Tissue capillaries

J JCells

2 Pulmana
“veins

~| Systemic
A arteries

0T 40 mqu {mitochondrial g, <5 mmHg)
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Fungsi

* Pertukaran gas
* Pengaturan pH -

* Perlindungan terhadap
substansi patogen dan iritan
yang terhirup

e Vokalisasi



— A. Pathophysiology of Respiration {(Overview)
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VENTILASI



Ventilasi

Hukum HOOK

e Compliance
e (dV/dP)

Pengembangan
Paru

Surfactan
e Menurunkan
tegangan
permukaan

e Menstabilkan
ukuran alveoli

e Interdependence
alveoli

 Recoil Elastic

> (dP/dV) "
Paru cenderung
mengempis

e Serabut elastik
B E-UELLEL
permukaan



Hukum HOOKE

AP

Elastance =

AV

5
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3 Volume
Change
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Pressure (cm H50)
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Hukum LAPLACE

‘P\ vy
L

Pa=Pp



Hukum LAPLACE

Bubble A Bubble B
Distending Pressure Distending Pressure
5cm H,0 10 cm H,0

Figure 2-14. The surface tension (ST) of bubbles A and B is identical. The radius (r) of bubble A
is 2 cm, and it requires a distending pressure (P) of 5 cm HyO to maintain its size. The radius of bub-
ble B is 1 cm (one-half that of bubble A), and it requires a distending pressure of 10 cm H,O (twice
that of bubble A) to maintain its size.



Rupture

Koo -

Laplace's Law
P 4 st

(constant)

creasing ——m

Critical Opening Pressure
—————————————————————— —-— or
___________ Critical Closing Pressure

|
1
L'
L |
1
1
1
1
|—:—:—Volumeln

Pressure Increasing —————|

f Liquid Bubble
D
=
7]
o
o

A B

Figure 2-16. (A) Model showing the formation of a new liguid bubble at the end of a tube. (B) Graph showing the dis-
tending pressure required to maintain the bubble’s size (volume) at various stages. Initially, a very high pressure, providing
little volume change, is required to inflate the bubble. Once the critical opening pressure (same as critical closing pressure) is
reached, however, the distending pressure progressively decreases as the size of the bubble increases. Thus, between the critical
opening pressure and the point at which the bubble ruptures, the bubble behaves according to Laplace’s law. Laplace’s law ap-
plies to the normal functional size range of the bubble.
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* Kerja Elastik
B CHERCHE B ELGED

* Kerja Resistensi Saluran
Nafas




Inspiration

Intra-alveolar
pressure below
atmospheric
pressure

Intrapleural
pressure
progressively
decreases

Diaphragm
progressively
moves downward

End-Inspiration

Mo Gas
Flow

Intra-alveolar
pressure in
equilibrium

with atmospheric
pressure

Intrapleural
pressure holds
at a level below
that at rest

T Downward

movement of
diaphragm stops

Expiration

Intra-alveolar
pressure above
atmospheric
pressure

Intrapleural
pressure
progressively
increases

Diaphragm

progressively
moves upward

End-Expiration

Mo Gas
Flow

A

Intra-alveolar
pressure in
equilibrium

with atmospheric
pressure

Intrapleural
pressure holds
at resting level

Upward
movement of
diaphragm stops




Pg =761 mm Hg

Transpulmonary
Gas Flow Pressure Gas Flow

Paly = 760 mm Hg Paly = 763 mm Hg

5mmHg -=-—

Pp| =755 mm Hg Pp| = 758 mm Hg

Inspiration Expiration

Figure 2-2. Transpulmonary pressure: The difference between the alveolar pressure (Py,) and the pleural pressure (Py).
This illustration assumes a barometric pressure (Pg) of 761 mm Hg.

Transthoracic
Gas Flow Pressure Gas Flow

Paly = 757 mm Hg Paly = 763 mm Hg
' -3 mm Hg

+3 mm Hg
Phg = 760 mm Hg Ppg = 760 mm Hg

Inspiration Expiration

Figure 2-3. Transthoracic pressure: The difference between the alveolar pressure (P,) and the body surface pressure (Py).
Note: In this illustration, the body surface pressure (Py.) is equal to the barometric pressure (Pg).
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Flgure 2-28. Time comahants for ypothetival alveali with difering lung compiioness (O, ), supplied by arrways wich dif-
ferting restskances (R, ).

Dynamic Compliance : pengisian udara regio paru dalam satuan waktu




Mormal Airways

Obstructive Disease
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Hukum Poiseuille

U = AP
81

V8l

- 4
r Tt

V(L/sec)

el W

=4 PP

Flow Rate = Flow Rate =
16 mL/sec 1mL/sec

-%— 1 cm Radius
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Bronchial
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Pressure Remains Constant

E:_\.,
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Flow Rate Remains Constant
M

-+— 1 cm Radius
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Airway
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Volume Paru

V. Tidal (500 cc)

V. Cadangan
Inspirasi (3000 cc)

V. Cadangan : line. | Frcton
Ekspirasi (1100 cc) “ i ]
V. Residu (1200 cc) ' |
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Figure 2-32. Alveolar ventilation versus dead space ventilation during one ventilatory cycle.



Kapasitas Paru

Kapasitas Inspirasi (3500 cc)
V. Tidal + V. Cadangan Inspirasi i ot = P
Kapasitas Vital ( 4600 cc) [

V. Cadangan Inspirasi + V. Tidal + W
V. Cad Eksp 000+

Kapasitas Residu Fungsional
(2300 cc)
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Eksp + V. Residu
Metode Fick

7
o
E
D
(o)
=7
o7
7




Maximal Voluntary Ventilation
(maximal breathing capacity)

Jumlah udara yang dapat keluar
masuk paru dalam waktu 1 menit
12 atau 15 detik g et x R
Kekuatan otot respirasi, compliance
paru dan thoraks, elastisitas,
mekanisme kontrol saraf

Umur 20-30 th

« & :170 L/mnt, @ : 110 L/mnt
Menurun : usia, penyakit paru

obstruktif menahun




TABLE 234-1  Alterations in Ventilatory Function

1L ] FEV/RIC MIP MEP
Obstructive Nwot s N N
Restrictive
Pulmonary parenchymal | Nio] N N
Extraparenchymal=inspiratory N, N IN° N
Extraparenchymal—inspiratory + ! Vanable — [N* /NS

expiraiory

* Mild obstructive (small airways) disease may have decreased FEF,, .. with normal (N) FEV [FVC.

" Reduced if due to respiratory muscle weakness; normal if due to chest wall stiffness,

Note: N, normal: for other abbreviations, see text,



TABLE 234-2 Common Respiratory Diseases by Diagnostic Categories

(bstructive
Asthma
Chronic obstructive lung disease (chronic bronchitis, emphysema)
Bronchiectasis
Cwstic fibrosis
Bronchiolitis
Restrictive—Parenchymal
Sarcoldosis
Idiopathic pulmonary fibrosis
Pneumoconiosis
Drug- or radiation-induced interstitial lung disease
Restrictive— Extraparenchymal

Neuromuscular Chest wall
Diaphragmatic weakness/paralysis Kyphoscoliosis
Myasthenia gravis® Obesity
Guillain-Barré syndrome® Ankylosing spondylitis®

Muscular dystrophies®
Cervical spine injury®

L i L ' . i L . [



— A. Causes and Effects of Restrictive Lung Diseases

s

1 |
Fibrosis ) - B4 !
Pumaray e j el
pneumonia 5 O
Atelectasis O N O Pleural scar
Carcinoma \ Lung resection
of ¢ G
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So, v Puimonary hypertension
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A\ Expiration

Flow Rate (L/Sec)

{
‘J‘“

Volume (L)

Flow-volume loop, obstructive pattern. FVC = forced vital capacity.

W@im

Flow Rate (L/Sec)

Inspiration

Mimﬁon

Volume (L)

Volume (L) C————, >

Flow-volume loop, restrictive pattern. FVC = forced vital capacity.



Mormal
4 Y
Expiralicon
E' T -_'__'_--'-
| _e==F"T
17 Chshruchon
T FEVa
InEpiraticn - FEWV
1
FEVa R
¥
a 1 2 3 = B
Tirme (Smsh

1. Obstruktif : FEV1, FEV1 % menurun

2. Restriktif : FEV1 menurun, FEV 1% : normal, meningkat




Difusi =

* Perbedaan Tekanan Partial (
 Membran difusi : tebal dan luas
* Koefisien difusi

ﬁ




Difusi

° Membran difusi

Surfactan i
Epitel alveolus £ \ o
Membran basalis epitel . . _
Ruang intertitial L l ¢ S
Membran basalis kapiler N
Membran endotel — /

* Koefisien difusi Dime 4
Oksigen 0,024 e
Karbon dioksida 0,59 e RS

Karbon monoksida 0,018
Nitrogen 0,012
helium 0,008

— Red otlood cell

Capillary |




Alveolus

/”

MNonoxygenated Reoxygenated
Blood Blood

PvQ, = 40 mm Hg e -—-\_’ ” Pagy, = 100 mm Hg

v CO,

Blood Flow




ST

=0




VA/d 0
B UELT RG] e &y _JasGeNormal
- © (Pgy=40) A
Anatomi r I I L e T o
= AV echs
- VN normad
B UELRO] & 2 (P02 *104)
- - - o (Pcoz =40)
fisiologi s

(Po =149)
(Pcoa *0)

O 20 40 60 80 100 120 140
Po, (mmHg)

Gambar 40-11. Diagram PO2-PCO; normal, dan VA/Q.



Fona 1

+

Pressure {om HO)

4

1 2 3 £ B
Blood Flow
{Limin]

Arteries  Capillaries  Veins

Figure 6-18. Ralatioriship betvesn gratity, alvealor pregsure (P, palmondry arterial pressure (P, and pulmorsry se-
Hceid pressure (P in diferent lung sores. Note: The +2 e HyO pressure in the alveoli (e g, during expiretion) was arbi-
trardly selected for Hes fiustration.



Transportasi

Saljaringan

Dar sirkulasi

: sislamik ke
5 Sirkulasi
GO, Hb: =HbCO, *+ Hbak He = HoH pan

(5) 00k HO2 Hoo,~Hi' Heoy Cr

Sl darahorah (HCOS keluar) | ™ J{CI masu)

HCO;™ CFF
(pergeseran klorida)

Plasma

¢a = Karbonat anhidrase

Hb0; 0y Kb

TR 3 r, QO 7t
Hb + €O = HHCO

H,04:C0; = H.C0;=Hk HCOY

Sel darah merah (HCOJ masuk) E(C: :
Hoo: or




Figure 3-10. Clinical conditions that decrease the rate of gas diffusion. These conditions are known as diffusion-limited
problems.
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Transpor Oksigen

° 97 % dengan Hb

1 gram Hb
berikatan 1,34
mil O,
° 3 % terlarut
dalam cairan
JEH G ERELEETE]

polypeptids
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Air
P, = 160 mmHg
Peo, = 0.8 mmHg

 Efek Bohr La— P
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(19,4 ml 0,/100 cc)
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Pergeseran Kurve disos

 Geser Ke kanan

Peningkatan ion
hidrogen
Peningkatan CO2
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Hemoglobin saturation (%)
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__________
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Aklimatisasi Pa O,
rendah '

* Ventilasi paru meningkat
* Hb meningkat -
* Kemampuan difusi meningkat

* Vaskularisasi jaringan
meningkat

 Aklimatisasi selular



Keracunan Oksigen ?/\\ =
| Gl
* 02 - radikal bebas pengoksuda{su 1
(radikal bebas superoksid)
Ensim yang dengan cepat menghilangkan radikal _
bebas : peroksidase, katalase, superoksid dismutase

Mengoksidasi asam lemak tidak jenuh
Vasokontriksi hebat = aliran menurun

* Kronis =2 destruksi oksidatif

pembengkaan saluran nafas, edema paru dan
atelektasis




Terapi O,

e Kapan diberikan ?

IpO

Te]o)
IPO

DO

IPO
PO

DO

Ksla atmosfir

Ksla hipoventilasi

Ksla gangguan difusi

KSla anemia

Ksla iIskemia

Ksla oleh karena shunt fisiologis

Ksla oleh karena pemakaian O2 jaringan

yang tidak adekuat



Transpor CO,

e CO2 dalam bentuk terlarut
* lon Bikarbonat (70 %)
 Karbamino hemoglobin (23 %)

e

Carlboriic

i =
= ¢ = 5



Transpor CO,

 Efek Haldene

Semakin tinggi Hb berikatan TR Ia % es %5 d0 - a 50 o
- TEKANAN GAS KARBON DIOXSIDA (men Hg)

dengan O, semakin cenderung

untuk melepaskan CO,.

Hb menjadi asam lebih kuat

Oalam batas-batas normy3

COz DALAM DARAH
(Valume persen)




Keracunan CO2

* Diatas 80 mmHg
Depresi pusat pernafasan -
Asidosis respiratori



Penyelaman

* Hukum Boyle

Tekanan meningkat > volume paku
mengecil

* Keracunan Nitrogen
e Keracunan oksigen



Pusat pernafasan
tersebar bhilateral

di Medula
I LEIERELL
pons

Kel. pernafasan
dorsal

Kel. pernafasan
ventral

Pusat
pneumotaksik

— Pontine respiratory

group
ehrenic nerve to i, o
&l

—~— Dorsal

Internal inte

liary
(involved in e; Y

Vi Y
respiratory group |

Medulla

Extemal intercostal muscles
(involved in inspirali

~— Spinal cord

({involved in inspiration)

7&— Diaphragm
<
4

PUSAT FNEUMO-
TAKSIK

VENTRIKEL
KEEMPAT
PUSAT APNEA?

KELOMPOK
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CORSAL 7 v PERNAPASAN
VENTRAL

{Ins pirasi)
B (Ekspirasi & Inspitasi)

NERVUS VAGUS &
GLOSOFARINGEUS

JALAN (PATHWAY)
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Gambar 42-1. Organisasi pusal pemapasan.






Pengaturan Pernafasan-

Higher centers of
the brain (spegch,

* Kel. Pernafasan [
|| control of breathing,
; and action potentials
in motor pathways,

Dorsal
chemor:
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Propricceptors —
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and joints

Receptors for
touch, temperature,
and pain stimuli



e Pusat
Pneumotaksik

Membatasi masa
inspirasi dan
meningkatkan
kecepatan
pernafasan

Inflasi paru

}

N X

}

Ramp Inspirasi (-)

Pusat koniral
pernapasan
¢i batang
olak

Pusat pneumotaksik
Pusat apneustik

Pusat Kelompok
pClhn':] asan pemapasan dorsal
Pasan| kelompok

medula
pernapasan ventral
Medula
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Pengaturan Pernafasan

* Kel. Pernafasan Ventral

Inaktif pada saat pernafasan -
normal

Untuk meningkatkan ventilasi
Menyokong inspirasi dan ekspirasi
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Aortic —
body

Higher centers of

the brain (spesch,
emotions, voluntary
control of breathing, _ *

and aclion potentials =
in metor pathways)

Madullary
chemoreceplors
lpH, 1CO,

Carotid and
aorlic body
chemoreceplors

Haring-Breuer reflex
(stretch receplors
In lungs)

Prearicceptors
In muscles
and joints

Receptors for
touch, temperature,
and pain stimuli
Chemoreceptors
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| aortic bodies

FChemoreceptors
I in medulia

Respiralory cenlers
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paons determine the
basic rhythm of
respiraticn

Increase rate ’

anddepthof |
respiration [

Mora O, available
to enter blood
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TABLE 1-27 Some Effects of Autonomic Nervous System Activity

SYMPATHETIC PARASYMPATHETIC
EFFECTOR SITE NERVOUS SYSTEM NERVOUS SYSTEM

Heart Increases rate Decreases rate
Increases strength of contraction Decreases strength of contraction
Bronchial smooth muscle Relaxation Constriction
Brenchial glands Decreases secretions Increases secretions
Salivary glands Decreases secretions Increases secretions
Stomach Decreases motility Increases motility
Intestines Decreases motility Increases motility
Eves Widens pupils Constricts pupils




/_ Is F'El.E,;::,E increased? _:)

\.

Is F'.ﬂ.,:;.E - Paugincreased9

Y

Hypoventilation

Y |

¥
- | % - f/r b :
Qs Pﬁ-ﬂ? Paﬂglncreased ) I3 low F'churrectahle with D; +Inspired PDE
@ @ 1. High altitude
. B 2. +Fly,
L L |
Hypaventilation Hypoventilation plus Shunt VIQ mismateh
alone another mechanism
1. Alveolar collapse 1. Airways disease
1. LRespiratory drive (atelectasis) (asthma, COPD)
o Nautomuscular diseass 2. Intraahveclar filling 2. Interstitial lung disease
(pneumonia, 3. Alveolar disease
pulmanary edema) 4. Pulmonary vascular disease

3. Intracardiac shunt
4. Vascular shunt within lungs

FIGURE 234-5 Flow diagram outlining the diagnostic approach to the patient with  years old and increases by ~3 mmHg per decade after age 30. COPD, chranic obstruc-
hypoxemia (Pa, < B0 mmHg). PA, = Pay is usually < 15 mmHg for subjects =30 tive pulmanary disease.



