1 Uvod, respiracni insuficience

2 spirometrické déleni, restrikcni

3 a obstrukcni poruchy

4 pomer ventilace/ k perfusi, poruchy
kardiopulmonalni a dalsi doplnky
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Vybrané ventilacni (spirometrické) parametry

-Dechova frekvence, [1/min] normalni 12-16 dechu / min
-Minutova ventilace [volume/min] norma: 6-8 L/ min

-(F)VC - Forced vital capacity (usilovna/ forsirovana VC)

zeny: [21.7 —(0.101 x v&k)] x (cm) = [mL]

muzi: [27.63 — (0.112 x v&k)] x (cm) = [mL]

Hodnoty v mezich 80 - 120 % nalezité hodnoty se povazuji za normalni

-MVV (Vmax) = Maximal voluntary ventilation

Objem dosazeny behem (20-ti sekundove) maximalni ventilace
Maximalni dechovy objem (TV) X maximalni ventilace

Po dobu 10 — 30 sec > 40 L/min

- Ventilacéni rezerva:
minutova ventilace / MVV ~ >1:7 (> 1.5)
=1:2
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_Yitélni kapacity:
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Restrictive diseases
anatomical and/or functional loss of surface for gas exchange

resection

atelectasis

lung edema

lung fibrosis

thoracic deformities / impaired breathing movements
pneumonia

pneumothorax



Mozné poruchy funkce
dychaciho systému

 Porucha ventilace
* Porucha perfuze

« Porucha distribuce
ventilace a perfuze

= ventilacne perfuzni
nerovnovaha
 Porucha difuze




Osnova/ Shrnuti

 Plicni poruchy podle cesty dychacich plynu do krve —
poruchy 1) ventilace, 2) difuze

3) perfuze/ plus ventilacné perfusni nehomogenity,
4) ostatni a mimoplicni poruchy

« Statické parametry — intrapleuralni tlak, surfaktant,
restrikéni poruchy

 Dynamické parametry — obstrukcni poruchy, viz dalsi
prednaska

« Typicke restrik€éni poruchy — edém plic, ARDS/
atelektaza, plicni fibréza, hrudni deformity,
pneumothorax, atd

* Posouzeni ventilacni funkce = spirometrie,
pletysmografie — budou podrobnéji na vySetrovacim
seminari dalsi tyden
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process compartment Vo, Vo, Pos Vo Veos Pco;
I/min | mmHg |I/min I mm Hg
air 0.25 - 150 0.20 =0 =0
airway 0.03 — 0.02 -
\
lung
alveoius/ 0.40 100 017 40
diffusion arterial \ 90-100 40
circulation capillary blood 0.80 270
diffusion venous / 35—-45 45
extracellular 40 45
\
intracellular  tissue 0.30 3.30
mitochondria / =H =45
0.25 1:53 0.20 6.19
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extracellular
intracellular

SO glucose
R Te \ fatty acids
l acetyl acetic acid amino acids
cetyl- Co
O,
nucleus oxygen
- \ 0 { water
: o o
mitochondrion CO carbon dioxide

@ anaerobic energy metabolism (protoplasm)
oxidative energy metabolism (mitochondria)

oxygen consumption (% normal) ADP-concentration
150 1.5 x normal
100] normal
50] 0.5 x normal
oxygen tension

(TERN 5 "0 15 mm Hg ADP = adenosine diphosphate
0’ ™ 2 kPa ATP = adenosine triphosphate
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A INSPIRATION B BUCKET-HANDLE C EXPIRATION

: ‘ AND WATER-PUMP-
External intercostal muscles slope obliquely HANDLE EFFECTS
between tibs, forieard and downward. Because Internal intercostal muscles slope
the attachment to the lower rib is farther obliquely between ribs, backyoand
forward from the axis of rotation, contraction and downward, depressing the
raises the lower rib more than it depresses the upper rib more than raising the
| upper rib. lower rib.
Scalene | \| Sternocleidomastioid
muscles A muscle

Reclus External
abdominis chligue
muscle muscle
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Statické krivky Tlak-Objem
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Pressure — Volume Static Curves

S
$
Ve Vd
V4 Ve
_____________________________________________________________________________________________________ Py ASS— -
/ /
/
AVAVAYA /
/
| K f\ﬂ{\ﬂ
aUAYAUA ’
ZV,Vée”T Pokles
poddajnosti poddajnosti




Zmena

objemu Pl
plic od
RV . ”
(litry) Fibroza
+10 +20 +30 +40
Pulmonarni tlak (Prp)

(cm H,0)




Lung volume (L)

Emphysema

Normal
——C @ e e

Fibrosis

I I i J

10 20 30 40
Transpulmonary pressure (cm H50)









Stabilita rozvinuti alveolu,
sily proti kolapsu
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A EFFECT OF SURFACE TENSION ON COMPLIANCE B FLAT AIR-WATER INTERFACE
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alveolar space
alveolar surface

hypophase

granular pneumocyte
alveolar interstitium

endothelial cell
blood capillary

l surfactant O counter-ion

surface

surface tension




During inflation, the P=T/ (ZR)
alveolus has expanded bez surfaktantu:
from aradius of 100 pm 5 f R
to one of 150 m, Inspiration
greatly reducing the P=T]/ (2 R)
surface density of the
surfactant. Thus,  ~_. A = ... se surfaktantem:
surface tension and
elastic recoil rise, f T f R
putting a “brake” on P = T /( 2 R)
expansion.
Surfactant

Rapidly '
expanding ==/ L JTme=e=emT
alveolus

(0 bez surfaktantu:
Slowly VR
expanding P=1/ (2R)
alveolus

Because the radius se surfaktantem:

of this alveclus has Inspiration

expanded from 100 vT R
um to only 120 pm,

its surfactant is less P=T1/(2R)

diluted, putting less | X " pae---
of a “brake” on
expansion.




The ,most important® measure

of respiratory system function

» pO2 & pCO2 in arterial blood - (,Astrup*)

* O2 solubility in water is low => need of
Hemoglobin

 pO2 =13,3 kPa =100 Torr

« Conversion: 1 Atm =10 m H20 = 100 kPa
=760 Torr = 760 mmHg

........ 1 kPa=10cm H20 = 7,6 Torr
« pCO2 =40 Torr = 5,3 kPa



Alveolarni venftita veo,

VCO2 = F,CO2 * VA
VA =VCO2/F,CO2 VCO,

P,CO2 = F,CO2xBarometricky tlak

VA = k,xVCO2/P,CO2
PACO2 = k,xVCO2/VA
X

STPD BTPS

PxV (P-PH,0)xVBTPS _ 760xVBTPs
27 3+ t°patient B 273

P,CO2itorm = 0,863*VCO2[mi/min sTPDY/VA[IMin BTPS]




ViO=F,0,xVA V.0,=F,0,xVA

PACO2 PAO?2

VO,=V.0,-V:0,
VO,=F.0,%xVA - F,O,xVA
F,O0,=F.0, - VO,/VA

P,0,=P.0, - kxVO,/VA

\

— VA

P,CO2itorm = 0,863*VCO2[mi/min sTPDY/VA[IMin BTPS]




Chemorecepcni fizeni ventilace

7/ \\
/ ~
>/ \\

Y pCO, lpOZ VE=VD+VA |Respir. Centrum




Ventilation disorders

 Lung impairment (mechanical properties change)

— Obstructive disease - 1 increased resistance R of airways (R =
“dynamic lung resistance”)

— Restrictive disease — |decreased lung compliance C (‘1 static
resistance” *; C = 1/ static lung resistance)
« Chest wall impairment
— | decreased C of chest wall — severe scoliosis, extensive
fibrosis, serial fractures
 Insufficient activity of respiratory muscles (//
innervation or // muscle strength , // of CNS ) —E.qg..
Respiratory centre suppression in barbiturate poisoning,
myasthenia gravis



Lung fibrosis = Interstitial lung
disease (ILD)

» = diffuse parenchymal lung disease

 Inflamation in alveolar wall leads to
scarring and collagen deposition

* Chest X-ray, pulmonary function testing,
(lung biopsy)

 Affect the alveolar wall or the interstice of
the lung (alveolar epithelium, capillary
endothelium, basal membrane, interstice
and perilymphatic tissue)

* Fibrosis may be a late sign




Causes of lung fibrosis/ ILD

Inhalation of particles
— 1. Azbestosis, silicosis, pneumoconiosis, = Pneumokonioser
— 2. hypersensitivity (farmer’s lung) = Alveolitis allergica

Drug induced (Abio, chemo, Antiarrhythmic) =

Connective tissue disease: Systemic sclerosis,
Dermatomyositis, SLE, RA

Infection: Atypical pneumonia, pneumocystis, TBC
Lymphangitic carcinoma = maligne sygdromme
|diopatic: Sarcoidosis

|diopathic pulmonary fibrosis = Alveolitis fibrosa



Fibrosing alveolitis= Idiopathic
pulmonary fibrosis

Unknown cause — Autoimmunity?
People after 50 / 3 years life expectancy
Symptoms:

— Tachypnoe, cyanosis, finger clubbing

Dg:

— Chest X-ray

— HRCT

— Spirometry/whole body pletysmography

— Blood gas analysis

— Inflamatory and autoimmunity testing

Biopsy and histology: Histology: Usual interstitial
pneumonia



Mozné poruchy funkce
dychaciho systému

 Porucha ventilace
* Porucha perfuze

« Porucha distribuce
ventilace a perfuze

= ventilacne perfuzni
nerovnovaha
 Porucha difuze




Ventilace

« Je uskuteCnovana
respiracnimi svaly a
branici, které meni
nitrohrudni objem.

* Objemove zmeny
zpudonuji zmény tlaku

« Zmena tlaku vedou k
prutoku vzduchu

* (1 tlak — expirium;

| tlak — inspirium) podle
Ohmova zakona




Poruchy ventilace

« Zhorseni mechanickych vilastnosti plic

— Obstrukcni choroby - zvysuje se odpor R dychacich
cest vuci proudéni (odpor R = dynamicky odpor plic)

— Restrik€éni poruchy — snizuje se poddajnost plic C
(poddajnost C = 1/ staticky odpor plic)

* Nedostatec¢na aktivita dychacich svall
(poruchy inervace Ci sily svalu, poruchy fizeni ze
strany CNS) — PF. Utlum dechového centra pfi
otrave barbituraty, myasthenia gravis



Dechova prace
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Frekvence dychani (dech za minutu)



ProcC léta letadlo?

%




Zuzeni bronchiolu (bronchokonstrikce, hlen...)




Shrnuti

 Plicni poruchy podle cesty dychacich plynu do krve —
poruchy 1) ventilace, 2) difuze

3) perfuze/ plus ventilacné perfusni nehomogenity,
4) ostatni a mimoplicni poruchy

« Statické parametry — intrapleuralni tlak, surfaktant,
restrikéni poruchy

 Dynamické parametry — obstrukcni poruchy, viz dalsi
prednaska

« Typicke restrik€éni poruchy — edém plic, ARDS/
atelektaza, plicni fibréza, hrudni deformity,
pneumothorax, atd

* Posouzeni ventilacni funkce = spirometrie,
pletysmografie — budou podrobnéji na vySetrovacim
seminari dalsi tyden



Dekuji
Vam za pozornost

-Toto je v jakékoliv formé
(PDF, PPT, PPTX atd.)
neoficialni vyukovy material

- pro interni potrebu

- nesirit

- pro dotazy kontaktujte:
Petr.Marsalek@LF1.CUNI.CZ
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