PATOFYZIOLOGIE
RESPIRACNIHO
SYSTEMU
1; 1/4;



1 Uvod, respiracni insuficience

2 spirometrické déleni, restrikcni

3 a obstrukcni poruchy

4 pomer ventilace/ k perfusi, poruchy
kardiopulmonalni a dalsi doplnky

2 /65



RESPIRACNI INSUFICIENCE
a
syndrom akutni dechové 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, (p,+O, =arterialni) pri
onemocneéenich 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
kPa (mmHg)

15.33(115)

4.43(33) iy
Expired air (wet)\;

6.27 (47) -
75.33 (565) /r
Ve=8L/min l

L

¥,=101.3(760)

Pulmonary artery

Fraction (L/L)
Fo, =0.21
Fco,=0.0003

\\

Inspired air (dry)

Pulmonary veins

Partial pressures
kPa (mmHg)

21.17 (158.8)

0.03(0.23)
80.10(601)

L |

¥~ 101.3(760)

Vo= 2.4L/min 1"’/ ' il (Sea level)
13.33(100) =5.6L/min ‘
5.2(39 \ \
S Alveoles S S : Vo,=0.3L/min
6.27 (47)
76.5(574) | Vco,
=0.25L/mi
| . i Cardiac output (CO)
¥,=101.3 (760) monary capriaries =6L/min
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Normalni hod

5.33 (40)
Po Veins
6.27 (47) (venae cavae)
<5.33 (40)
>6.0 (45)
6.27 (47) Tissue —

 —

n\ ?
- -4""'?,;.

oy

5LO;/Lb

Capillaries

-

sy

A

Pulmonary veins

12.66 (95)
Arteries 5.27 (41)
6.27 (47)
0,
co,
VZaC[] e{ H,0
netecné/
. , N2
inertni y
Noble
plyny gases

Pulmonary artery noty dychacich a krevnich plynu
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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

' who initiated contmuous CO2 measurements at thls s;te |n 1 958
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Klimatologicka observator Mauna Loa, Hawaii, USA,
3000 m nad morem, (350 ppm extrapolujeme na 500 ppm u nadm. v. 0)



. Pfiklady hypoxii

Bone marrow
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Normalni hodnot (qyc acich a krevnich plynu

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

460w~ 2
) %I » g
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RESPIRACNI INSUFICIENCE

Typ | (parcidlni, hypoxemicka, niz&i O, )
Typ I (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 zvysSeny,
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)

* p,+O, klesne pod 100 mm Hg

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

* shizeny p,0O,

* 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 (take srdecni pravo-levy
zkrat)

* difzni blok

(jsou mozné i jiné, etiologickeé
klasifikace)

17 /50



pALVOZ uréuje partOZ

pPAvO, urcuje p_ O, v krvi, ktera obtéka alveolus
(kromeé poruchy oznacCovane jako ,difuzni blok")

P vO, ma komplikovany vztah
k C,{O, (obsahu kysliku v krvi)

PaLvO2 hodnoty vyssi nez 100 mmHg
nezvysuji vyznamne obsah kysliku v krvi

PALvO, hodnoty nizsi nez 100 mm Hg
shizuji obsah kysliku v krvi

art
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Pl - normaini (21 %) O,

u normalniho dychani

- normalni (21 %) O,

v 404y patologického dychani
40'“'"% To ~ 01

- dychani vy3si (a2 100 %)

M 53 inby” O, u patologie
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Lokalni versus celkové alveolarni
hypoventilace

» celkova alveolarni hypoventilace
zpusobuje respiracni insuficienci typu Il
(globalni, ventilacni) hyperkapnie

 lokalni alveolarni hypoventilace
zpusobuje respiracni insuficienci typu |
(parcialni, hypoxemickou) - provazenou
casto hypokapnii
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A1, Az_ - hypO'
ventilované

B — hyper-
ventilované

C- normalné
ventilované

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 prudkéeho
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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NV ¥/ n

Alveolarni hypoxie je pricinou
plicni hypertenze

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

« Alveolarni hypoxie tak zpusobuje reaktivni plicni

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

« Chronicka plicni hypoventilace (chronické
bronchitida, plicni emphyzém) proto muiize zpusobit
hypertrofii a nasledné i dilataci praveé srdecni
komory (cor pulmonale)
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Plicni hypertenze
v echokardiografickem obraze

S

Is 2.1

29.6 mmHg
25 /50




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 normalneé 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_,O, €ini tyto
pacienty vice citlivymi na podavani kysliku

« Paradoxné se tak muze zhorsit alveolarni
hypoventilace pri kyslikove terapii

* A toto muze vést k dramatickému zhorseni
hyperkapnie a respiracni acidozy
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alveolar interstitium (elastic and collagenous fibres)
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alveolar space

alveolus

CO, O

blood
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leucocyte

alveolar epithelial cell (type 1)
' — erythrocyte

— capillary endothelial cell

S pore of Kohn

"Abnormality difuze
— Rewvnice difuze:
Q=DAdCI/L,
Q=tok,D=konst.,
=t a soamA=prurez, L=deélka

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 I’I

2.10 Structure and function of the 29 /50
alveolus ]

10 pm

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 barieru 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 vtomto pripadé
normalni (100 mm Hg) v téelesném 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 s



»o. Difuzni blok nastava

»  Kvuli ztlusteni alveolo-
kapilarni membrany a
% prodlouzeni delLky L

% 10 pro difuzi

Abnormality difuze

Rovnice difuze:
Q=DAdCI/L,

Q=tok,D=konst.,
A=prurez, L=délka
dC=konc.rozdil
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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 cirkulacni zkrat u
srdecnich vad

Pojem ,,plicni zkrat* znamena analogii k poruse,
ktera ma stejny funkcni dusledek, ve skutecnosti
neni pritomen zadny anatomicky zkrat v cirkulaci;, 5,



ARDS

 ARDS - Adult (or Acute) Respiratory Distress Syndrome,

neboli syndrom akutni dechové tisné (dospélych); sokova
plice

« To akutni/ syndrom/ dospélych 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 spolecCnych
funk€nich dusledku...
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ARDS

Priznaky:

-akutni plicni porucha, do 1 tydne od vyvolavajici
priciny (topeni se, zaludecCni aspirace, polytrauma),
s progresi plicnich pfiznaku

-oboustranné zastineni na hrudniku, které neni
zpusobené jinou plicni patologii (jako pleuralni vypotek,
pneumothorax, karcinom, et cetera)

-selhavani respirace nezpusobené srdecnim selhanim
nebo objemovym pretizenim
-snizeni arterialniho P_,O,/ FiO.:

-mirny ARDS: pomer je 201 - 300 mmHg (< 39.9 kPa)

-stfedni ARDS: 101 - 200 mmHg (< 26.6 kPa)
-t&2ky ARDS: < 100 mmHg (< 13.3 kPa)

36 /65



ARDS

dalSi pficiny: (topeni se, zaludecCni aspirace, polytrauma),
sepse, opakované transfuze, zhmozdeéni plic, Iékové zavislosti
a predavkovani, popaleniny, pankreatitida, inhalace koure,
pneumonie. Inhalace drazdivych latek, bojovych chemickych
latek (fosgen, chlor) a dalsi.

etio-patogeneze:

Edém a snizena produkce surfaktantu pusobi kolaps, nebo
zaplaveni alveolu. Porucha ventilace dale pfispiva k pravo-
levému funkCnimu zkratu. Snizena alveolarni ventilace vede ke
snizeni kysliku v kapilarach, podil zkratu se muze dale
zvysovat. V kolabovanych alveolech a bronchiolech nedochazi
k vymeéné plynu. PaO, klesa pod 60 mmHg (8.0 kPa) i méné
pres umélou ventilaci 100% kysliku.
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PaOo (mm Hg)

700 T

600 T

10%
500 T
400 + a
300 — 200/0
200 T b
o d-’/ 30%

Dusledky
plicniho
zkratu
(shunt)

QS = shunt
perfusion

QT = total

perfusion

l 38
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Hyperkapnie
u respiracni insufficience, typ li

* Pro jednoduchost Ize 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 — _
_H2C03_ - kpC02

74=6,1+log 24.0 mM
1,3 mM....53 kPa pCO;
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pCO, bude v hypoventilovanych
alveolech zvysené a pO, snizené

nasledné

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

41 /50



parcialni tlaky krevnich plynu v
Krvi opostejici prislusne
alveoly budou odpovidajicim
zpusobem zménéné...
proto p_CO, by melo byt zvysene

... avsak

Pri naberu arterialni krve a méreni p_,O, a
partCOZ
tedy jiz pro nas neni prekvapenim

ze p,+CO, 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 cnmbing.iA

Barometric pressure drop

¢
Fall PO2 in inspired air
-
- Fall alveolar PO2
—eo- PO2 v inspir. vzduchu \
e .= PAO2 - aklimatizovani :
130 -4-, PAO2 - akutni expozice Fall arterial PO2
120
110
‘100_ .........................................................
T
g 90
E
H 80 —
O
& 704 .
L T
§ 60—_.--.--._.--.--‘_.--.-..--._._._._f.:*.‘w-.....‘_-.--.‘.'.-._,.._.-.--._.--.--‘..._ -
< 50 Threshold for continuous 3~ AT _
O, therapy in COPD (Pao,) P g u

Altitude, km



High Altitude Hypoxia Cnmbing.LA

Barometric pressure drop

¢
Fall PO2 in inspired air
-
Fall alveolar PO2

~a

Fall arterial PO2

!

Respiratory centre stimulation

SO2

aseajal O

}

Hyperventilation

Hypocapnia

Alkalosis

Impairment of oxygen Shift of oxyhemoglobin
release in tissue saturation curve to left




High Altitude Hypoxia cnmbing.LA

Increase of oxygen Barometric pressure drop
release in tissue = . :
4 _ Fall PO2 in inspired air
/ Hypoxia ~
Shift of improvement Fall alveolar PO2
oxyhemoglobi .
n saturation Fall arterial PO2
curve to right ADAPTATION l
T 502 Respiratory centre stimulation
Blood l
acidification

aseajal ZO

Hyperventilation

aseajal O

n |

Kidney response A Hypocapnia
to alkalemia: | N/ 4
increase of /
bicarbonate : -Alkalosis
excretion

Shift of oxyhemoglobin
saturation curve to left

Impairment of oxygen
release in tissue




High Altitude Hypoxia

cnmbing.LA

Increase of oxygen

Barometric pressure drop

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

n |

Kidney response
to alkalemia:
increase of
bicarbonate

excretion

excretion increases

Impairment of oxygen
release in tissue

bicarbonate

resorption in
proximal tubule,

bicarbonate

Hyperventilation

Hypocapnia

o0

| Acetazolamid

Alkalosis

Shift of oxyhemoglobin
saturation curve to left




High Altitude Hypoxia Climbing'iA

release in tissue

Pk

Shift of
oxyhemoglobi
n saturation
curve to right

T

Blood
acidification

n |

Increase of oxygen L Barometric pressure drop

i ¢
: Fall PO2 in inspired air
Hypoxia ~\
Improvement Fall alveolar PO2
ADAPTATION N
S iTesash Fall arterial PO2
Hematocrit _ / l
I eEEEE production
Respiratory centre stimulation
Stimulation of
hemopoiesis l
Hyperventilation
Hemoconcentration

Kidney response
to alkalemia:
increase of
bicarbonate

excretion

Impairment of oxygen
release in tissue

Dehydration

Hyperventilation
water loss

Hypocapnia
Alkalosis

Shift of oxyhemoglobin
saturation curve to left




High Altitude Hypoxia

HEADACHE, INSOMNIA, ANOREXIA, TIREDNESS

Hypocapnia

t

Intracerebral
hypertension

?

Brain vasodilatation F—b 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

Alveolar hypoxia

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

|

Pressure rise in unprotected
capillaries

Pressure

HIGH ALTITUDE PULMONARY EDEMA



Hypoxie vyskova

Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

|

Pressure rise in unprotected
capillaries

Pressure

Exudation

HIGH ALTITUDE PULMONARY EDEMA



Hypoxie vyskova

Alveolar hypoxia

A 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

|

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

\ 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

HIGH ALTITUDE LUNG ADAPTATION



High Altitude Hypoxia :
Alveolar hypoxia

\ 4

Unevennes hypoxic Pressure
vasoconstriction of lung arterioles fIS€

!

Increase of pulmonary
arterial pressure

\ 4

Gradual muscular hypertrophy
even in capillaries with inferior
vasoconstriction

A4
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 i
\" nstriction

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

A4
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 4
vasoconstriction Big stimulus for

vasodilatation
and hyperemia

Hypocapnic
stimulus for
brain
vasoconstriction Increase of
lasts only 2-3- brain vascular

flow

HIGH ALTITUDE BRAIN EDEMA

days




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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