PATOFYZIOLOGIE
RESPIRACNIHO
SYSTEMU
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RESPIRACNI INSUFICIENCE
a
syndrom akutni dechovée tisné
(dospelych)
(acute/ adult respiratory
distress syndrome, ARDS)
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Prehled prednasky

Opakovani: dychaci plyny, hypoxie, polycytémie, atd.
Uvod
Patofyziologie respiracni insuficience a jeji dva typy

Mechanismy snizeni p_,O, pri onemocnenich
respiracniho aparatu

- alveolarni hypoventilace

- difuzni blok

- plicni zkrat

Reaktivni pulmonalni hypertenze

Hyperkapnie u respiracni insuficience typu 2 (globalni)
Syndrom ARDS (akutni selhani plic)

Poznamky k oxygenoterapii
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Normalni hodnoty dychacich a krevnich plynu

— A. Gas transport

Partial pressures

Ve=8L/min
2p=101.3 (760)

Pulmonary artery

Partial pressures

kPa (mmHg) Fraction (L/L) kPa (mmHg)
Fo, =0.21
15.33(115) Fco,= 0.0003
21.17(158.8)
| S i 5~
4.43(33) N V="
6.27 (47) Expired air (wet) S ~ - ~ Inspired air (dry) ~0.03(0.23)_
' 80.10(601)
75.33 (565)

2= 101.3(760)

Vb= 2.41/min { (Sea level)
|
p 1
13.33(100) | Va=5.6L/min . ( :
5.2(39 N
i Alveoles —— | Vo,=0.3L/min
6.27 (47) €0 0z
76.5(574) | Veo, =
=0.25L/mi
L | F il Cardiac output (CO)
¥,=101.3 (760) Pulmonary capillaries ~61/min

Y Pulmonary veins
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Normalni hod
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Zakladni hodnoty a definice:
760 mmHg=101 kPa=1000 cmH,0=100%

STPD - Standard Temperature and
Pressure, Dry (air), 0/15/20 °C, 101 kPa

BTPS — Body Temperature and Pressure,
Saturated (air), 37 °C, 100 % humidity

Atmosféricky CO,: 300 ppm = 0.03 kPa
Vydechovany CO,: 4.4 ... 5.2 % = 5.2 kPa
Atmosfericky O, : 21 % = 21 kPa
Vydechovany O, : 15.3 % = 15.3 kPa
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Named in honor of

Professor Charles Dawd Keehng,
Scripps Insmuhon of Oceanography, 7

who mltlated contmuous CO, measurements at thlS sute |n 1958
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Eero Antero Mantyranta

(nar. 1937) je finsky lyzar a vicenasobny
vitez zimnich olympijskych her. Je drzitel
sedmi olympijskych medaili a jeden

v v A AL AV 4

vubec.
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Ziskova mutace receptoru pro
erytropoetin

Mantyranta ma primarni familiarni
polycytemii (Primary familial and
congenital polycythemia, PFCP), ma oproti
morme zvyseny pocet erytrocytu a
hemoglobin kvuli mutaci genu
erythropoetinoveho receptoru (EPOR),
ktery byl identifikovan pri DNA studii vice
nez 200 Clenu jeho rodiny v roce 1993
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High Altitude Hypoxia
2

A N &

Respiratory Hypoxia

"

A | N
Circulatory Hypoxia (ischemic)

. A ' Hypoxia from Anemia [RSIEE

co, Priklady hypoxii

Bone marrow

erythropoetin
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Cristae Matrix Inner
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Histotoxic Hypoxia
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Normalni hodnot (;ﬂyé acich a krevnich plynu

vzduch
pO,=21kPa; pCO,=0,03 kPa

460 v 2 v
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Pv'oz=5-3 kPa ' 40 mm H/-.,.g p,0,=13,3 kPa .0 Cam e
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RESPIRACNI INSUFICIENCE

Typ | (parcialni, hypoxemicka, nizsi O, )
Typ Il (globalni, ventilacni,
nizsi O, , vyssi CO,)
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NASTAVENI REGULACE
RESPIRACNIHO APARATU

* zvysit p,,O, v krvi nad
12.6 kPa = 95 mmHg

* snizit p,,CO, v krvi pod
5.25 kPa = 40 mmHg
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Pri respiracni insuficienci je
P.+O, vZdy snizeny
(to je jeji definice)

p.+«CO, muze byt zvyseny,
normalni nebo dokonce (Casto)
shizeny
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RESPIRACNI INSUFFICIENCE

RESPIRACNI INSUFFICIENCE, typ |
(parcialni, hypoxemicka)
* p,+O, klesne pod 100 mm Hg

* p,+CO,je normalni, Casto i snizeny
(to se nazyva - hypokapnie)

RESPIRACNI INSUFFICIENCE, typ I
(globalni, ventilacni)

* PO, Kklesne pod 100 mm Hg

* p,CO, je vyssi nez 40 mm Hg (hyperkapnie)
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Respiracni insuficience, Typ |
(parcialni)

* shizeny p,,0,

* p.,+CO, normalni nebo casto
shizeny (hypokapnie)
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Patogenetické mechanismy
zpusobujici snizeni p_,0,

» celkova alveolarni hypoventilace
* lokalni alveolarni hypoventilace

 plicni zkrat (také srdecni pravo-levy
zkrat)

 difuzni blok

(Jsou mozne i jine, etiologickeé
klasifikace)
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PaLvO, urcuje p,,.O,

pALvO, urcuje p,O, v krvi, ktera obtéka alveolus
(krome poruchy oznacCovane jako ,difuzni blok")

PavO, ma komplikovany vztah
k C,+O, (obsahu kysliku v krvi)

PaLvO, hodnoty vyssi nez 100 mmHg
nezvysuji vyznamne obsah kysliku v krvi

PALvO, hodnoty nizsi nez 100 mm Hg
snizuji obsah kysliku v krvi
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A0, - normalni (21 %) O,

u normalniho dychani

- normalni (21 %) O,

- dychani vy3si (a2 100 %)

v o=t/ 4y patologického dychani
40"‘””3 To ~021

M 53 by O, u patologie

/owu@b ro-10 (MUZe byt i vy3si =
M hyperbarické)
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Lokalni versus celkové alveolarni
hypoventilace

» celkova alveolarni hypoventilace
zpusobuje respiracni insuficienci Typu ll
(globalni, ventilacni) hyperkapnie

 lokalni alveolarni hypoventilace
zpusobuje respiracni insuficienci typu |
(parcialni, hypoxemickou) - provazenou
casto hypokapnii
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A4 A, - hypo-
ventilované

B — hyper-
ventilované

C- normalné
ventilované

alveoly;

V souhrnu

je pomer
V/Q normalni
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Funkcni dusledky esovitého
tvaru disociacni krivky kysliku
* shizuje funkéni dusledek malého snizeni

P.+O, (hypoxické hypoxie) na obsah
kysliku v arterialni krvi (CartO2)

 je predpokladem moznosti prudkého
zhorsovani zavazne respiracni
insuficience v dusledku dalSiho malého
poklesu hodnoty p_ O,

Hypokapnie u Rl typu | (parcialni)

je zpusobena stimulaci perifernich
chemoreceptoru v glomus caroticum

nizkym p_.O,
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Alveolarni hypoxie je pricinou
plicni hypertenze

 Alveolarni hypoxie (nizky p,0,) snizuje prutok krve
v postizenych castech plic a vyvolanim
vazokonstrikce presmeruje prutok krve do €asti plic
s vyssimi hodnotami p,0O,

« Alveolarni hypoxie tak zpusobuje reaktivni plicni

hypertenzi (dobre reaguje na oxygenoterapii dokud
se ,,nefixuje®)

« Chronicka plicni hypoventilace (chronicke
bronchitida, plicni emphyzém) proto muize zpusobit
hypertrofii a nasledneé i dilataci pravé srdecni
komory (cor pulmonale)
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Plicni hypertenze
v echokardiografickém obraze

ls 2.1

2 d\‘ |
|

29.6 mmHg
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Arterialni hypoxie stimuluje
respiracni centra 1

 Arterialni hypoxie (nizky p,,O,) stimuluje
respiracni centra signalizaci z perifernich

chemoreceptoru (glomus caroticum, corpus
aorticum)

 Toto je zasadni prepojeni signalu pro rizeni
plicni ventilace, ktera normalné zavisi na
hladine CO, jako na produktu metabolismu
(regulovana veliCina je pH krve)
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Arterialni hypoxie stimuluje
respiracni centra 2

* Toto prepojeni signalu pro rizeni plicni
ventilace, u pacientu s nizkym p_ 0O, €ini tyto
pacienty vice citlivymi na podavani kysliku

« Paradoxné se tak muze zhorsit alveolarni
hypoventilace pri kyslikové terapii

* A toto muze vést k dramatickému zhorseni
hyperkapnie a respiracni acidozy
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membrane

erythrocyte

blood plasma
endothelium
interstitium
epithelium
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alveolar space

alveolar interstitium (elastic and collagenous fibres)
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leucocyte

alveolar epithelial cell (type I)
— erythrocyte

— capillary endothelial cell

W pore of Kohn

“Abnormality difize

Iveolar granyjocyte (typ

— Roevhaice difuze:
Q=DAdCI/L,

Q=tok,D=konst.,
—_— soEmA=prurez, L=délka

epithelial basement membrane: 0.05—0.20 um
endothelial basement membrane: 0.05—0.40 um

capillary endothelium: 0.05—0.25 um d C = ko n C . rOZd III

2.10 Structure and function of the 31 /50
alveolus

L_10 pum

dimensiones of the alveolar-capillary membrane

schematized from E. R. Weibel, 1963 51



Difuzni blok

je zpusoben ztlusténim alveolokapilarni bariéry

Mnozstvi O, a CO, prenasené pres
alveolokapilarni bariéru zavisi na:

velikosti vyménneé (difuzni) plochy

rozdilu v parcialnich tlacich na obou stranach difuzni
plochy

difuznim koeficientu (je vyssi pro CO2 nez pro O2)
difuzni vzdalenosti (,,tlousce alveolokapilarni bariéry)
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Latentni respiracni insuficience u
difuzniho bloku

* p.O, muze byt v tomto pripadeé
normalni (100 mm Hg) v telesném klidu,
ale snizi se v prubéhu nebo kratce po
fyzicke zatezi

« vysvétlenim je zrychleni prutoku krve
okolo alveolu - ve zdravé plici je pro
takovou situaci dostatecna funkcni
rezerva N



~o.block is due to widening
of the barrier
separating the alveolar
air from the blood
= i passing in the
‘pulmonary capillaries
Diffusion

abnormalities

Diffusion law:
Q=DAdCI/L,

Q=flow,D=coeff.,
A=area, L=length
dC=conc.difft ’®

13



Plicni zkrat (1)

Krev protékajici plicemi se musi ,,setkat*
s alveolarnim vzduchem.

Pokud k tomu nedojde, mluvime o
plicnim zkratu.
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Plicni zkrat (2)

Krev protékajici plicemi se musi ,,setkat“ s
alveolarnim vzduchem. Pokud k tomu nedojde,
mluvime o plicnim zkratu

fyziologicky plicni zkrat (2 %)
patologicky plicni zkrat (az 50 %)

Toto pripomina funkcné pravo-levy cirkulac¢ni zkrat u
srdecnich vad

Pojem ,,plicni zkrat”“ znamena analogii k poruse,
ktera ma stejny funkcéni dusledek, ve skuteCnosti
neni pritomen zadny anatomicky zkrat v cirkulaciy;; 5



ARDS

 ARDS - Adult (or Acute) Respiratory Distress Syndrome,
neboli syndrom akutni dechoveé tisne (dospéelych)

« To akutni/ syndrom/ dospelych je tam proto, ze dechova
tisen u novorozencu je jina nosologicka jednotka, (Infant)
Respiratory Distress Syndrome — je dechova tisen
nezralych novorozencu pfi nedostatku surfaktantu,

(= nevyzralé plici)

...atelektaza je jeden ze spolecnych
funkCnich dusledku...
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Pa0O2 (mm Hg)

700 T

600 T

500 T

400 +

300 T

200 T

100 T

ds/f)T

0%

10%

20%

30%

0.2 0.4

0.6

FIO2

a -

Dusledky
plicniho
zkratu
(shunt)

QS = shunt
perfusion

QT = total

perfusion
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Hyperkapnie
u respiracni insufficience, typ li

* Pro jednoduchost lIze rici, ze je jen jedna
patogeneticka pricina hyperkapnie
(= zvyseného p_,CO, ) ato je celkova
alveolarni hypoventilace.

* Proto je jeden z nazvu tohoto typu
respiracni insuficience globalni/
celkoval aneb ,,ventilacni®.
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Respirace
a acidobazicka rovnovaha

[HCO;

pH=pK+log -
[chol_‘ = k. pC02

74=61+log 230 mM
1.3mM....53 kPa pCO,
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pCO, bude v hypoventilovanych
alveolech zvysené a pO, snizene

naslednée

parcialni tlaky krevnich plynu v krvi
oposteéjici prislusné alveoly budou
odpovidajicim zpusobem zménéné
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parcialni tlaky krevnich plynu v
krvi opostejici prislusneé
alveoly budou odpovidajicim
zpusobem zménéné...

proto p_.CO, by melo byt zvysené
... avsak
Pri naberu arterialni krve a meéreni p_,O, a
partCOZ
tedy jiz pro nas neni prekvapenim

ze p,4CO, bude nejspis normalni — anebo
dokonce snizeny (!)
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Type | or Type Il ,Respiratory Insuficiency”?

Mount Everest
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High Altitude Hypoxia CIimbing'jl‘

Barometric pressure drop
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Fall PO2 in inspired air
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Fall alveolar PO2
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High Altitude Hypoxia

CIimbingL‘

Barometric pressure drop

K
Fall PO2 in inspired air
i N
Fall alveolar PO2

~a
Fall arterial PO2

!

Respiratory centre stimulation

SO2

aseajal O

}

Hyperventilation

—>

Hypocapnia

.\

Alkalosis

Impairment of oxygen
release in tissue

Shift of oxyhemoglobin
saturation curve to left



High Altitude Hypoxia

Climbing.L

Increase of oxygen
release in tissue

Barometric pressure drop

ek

Shift of
oxyhemoglobi
n saturation
curve to right

T

=K
¢ _ Fall PO2 in inspired air
Hypoxia i
Improvement Fall alveolar PO2
~a
Fall arterial PO2
ADAPTATION

!

Blood

SO2

acidification

|

increase of
bicarbonate
excretion

Kidney response 7 /T
to alkalemia: v

Impairment of oxygen

aseajal ZO

aseajal O

Respiratory centre stimulation

}

Hyperventilation

Hypocapnia

release in tissue

Alkalosis

Shift of oxyhemoglobin
saturation curve to left




High Altitude Hypoxia

Climbingl‘

Increase of oxygen

Barometric pressure drop

release in tissue b . :
¢ _ Fall PO2 in inspired air
/ Hypoxia ~5
Shift of improvement Fall alveolar PO2
oxyhemoglobi N~
n saturation Fall arterial PO2
curve to right ADAPTATION l
T Respiratory centre stimulation
Blood l
acidification Decrease

|

Kidney response
to alkalemia:
increase of
bicarbonate
excretion

bicarbonate

resorption in
proximal tubule,

bicarbonate
excretion increases

Impairment of oxygen
release in tissue

Hyperventilation

o0

| Acetazolamid

Hypocapnia
Alkalosis

Shift of oxyhemoglobin
saturation curve to left




High Altitude Hypoxia ClimbingiA

release in tissue

S

ek

Increase of oxygen L Barometric pressure drop

Hypoxia

Shift of improvement

Fall PO2 in inspired air
N

Fall alveolar PO2

oxyhemoglobi
n saturation

curve to right Hematocrit

Blood
acidification

ADAPTATION N

Fall arterial PO2

Erythropoetin
production | l

hemopoiesis l

T increase
/ Respiratory centre stimulation
Stimulation of

ntration

‘1 Hemoconce

Kidney response
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bicarbonate
excretion

Impairment of oxygen
release in tissue

Dehydration

Hyperventilation

Hyperventilation
water loss

Hypocapnia
Alkalosis

Shift of oxyhemoglobin
saturation curve to left




High Altitude Hypoxia

HEADACHE, INSOMNIA, ANOREXIA, TIREDNESS

Hypocapnia

t

Intracerebral
hypertension

1

Brain vasodilatation Fb Flow increase

Brain
vasiconstriction
(hypocapnic brain
vasoconstriction
lasts only 2-3 days)




High Altitude Hypoxia

Mount Everest climbing
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High Altitude Hypoxia

High altitude disease complication

HIGH ALTITUDE PULMONARY EDEMA

HIGH ALTITUDE BRAIN EDEMA

RIGHT VENTRICULAR INSUFFICIENCY




High Altitude Hypoxia _
Alveolar hypoxia

HIGH ALTITUDE PULMONARY EDEMA



High Altitude Hypoxia _
Alveolar hypoxia

Y

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

HIGH ALTITUDE PULMONARY EDEMA



Hypoxie vyskova

I Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

Pressure

\ 4

Pressure rise in unprotected
capillaries

HIGH ALTITUDE PULMONARY EDEMA



Hypoxie vyskova

I Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

Pressure

\ 4

Pressure rise in unprotected
capillaries

Exudation

HIGH ALTITUDE PULMONARY EDEMA



Hypoxie vyskova

I Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

\ 4

Pressure rise in unprotected
capillaries

»

_ Basement membrane
Exudation damage

Neutrophiles activation Thrombocyte activation

Inflamatory factors
release Fibrine thrombi

HIGH ALTITUDE PULMONARY EDEMA




High Altitude Hypoxia _
Alveolar hypoxia

HIGH ALTITUDE LUNG ADAPTATION



High Altitude Hypoxia _
Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

HIGH ALTITUDE LUNG ADAPTATION



High Altitude Hypoxia
PP —— (O

vasoconstriction

$ !
Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

M)
O

\ 4

Gradual muscular hypertrophy
even in capillaries with inferior
vasoconstriction

v
Pulmonary vasculature

remodelation — pulmonary

vasoconstriction is uniform All capillaries are protected
from high pressure
transmission from arteries to
capillaries

HIGH ALTITUDE LUNG ADAPTATION




High Altitude Hypoxia _
Alveolar hypoxia inferior /\
vasoconstriction

v : COMPLICATION:
Unevennes hypoxic
vasoconstriction of lung arterioles RIGHT VENTRICULAR
] INSUFFICIENCY

Increase of pulmonary /
arterial pressure

\ 4

Gradual muscular hypertrophy
even in capillaries with inferior
vasoconstriction

v
Pulmonary vasculature
remodelation — pulmonary
vasoconstriction is uniform

All capillaries are protected
from high pressure
transmission from arteries to

capillaries
HIGH ALTITUDE LUNG ADAPTATION




High Altitude Hypoxia

| Hypocapnia | | Hypoxia |
Hypocapnic
stimulus for 1l
brain v
vasoconstrictio Big stimulus for

vasodilatation
and hyperemia

Hypocapnic
stimulus for
brain
vasoconstrictio Increase of
n lasts only 2-3- brain vascular
days flow

HIGH ALTITUDE BRAIN EDEMA



Dekuji

Vam za pozornost
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Alveolar hypoventilation

 |s a disturbance of the ventilation/perfusion ratio
(VA/Q ratio) when ventilation of an alvelus is
insuficient to eliminate CO,, delivered here by the

blood)

« This can be a problem of selected alveoli (,local
alveolar hypoventilation®) or of all alveoli

In both cases in the affected alveoli pCO, will be
increased and pO, decreased.
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Heart
Defects
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