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Which extremes?

Just about any environmental variable can
reach extreme values
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Acute ("emergency") reaction

m Maximal use of reserves,
non-specific stress response

e.g. fall into icy water

m Usually cannot be
sustained permanently
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m Too long/strong exposure

e.g. Titanic sinking victims

Exhaustion

18

Selective strengthening of the most
advantageous specific means of defense

e.g. winter swimming

in Vltava river

Has limits

e.g even winter Vltava
swimmers wouldn’t
have survived Titanic

sinking

Adaptation (resistance)

20
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”Evolutionary" adjustments

m Species/population for many generations

m e.g. Inuit
more resistant
to cold

+ Highaltitude
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Altitude hypoxia

m Atmosphere: |
21% O, up to ~ 110 km

m Air is compressibl

m Therefore less
molecules in the
same volume at lower pressure - thus also less
O, molecules

26

Additional factors in high

mountains
m Cold (~1°C every 150 m)

m | humidity
m Sun radiation (esp. UV)

s smaller portion filtered by air

s reflection from snow

m Bacteria & alergens concentrations { with altitude

(sterile air on Jungfrajouch 3450 m)

37
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3x less Covid-19 in high altitude

Altitude (masl)
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Arias-Reyes et al Respir Physiol Neurobiol 2020
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High altitude adaptation
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1. T lung ventilation

_ (Hb dissociation
CO; exhalation -> T PHV curve shifts left)

ventilation { breathing center

(% of normal) >°° |

400

d bicarbonate in CSF
< pH)
(kidneys)

6 8 10 12 14 16 18 20 22

days at altitude

chemosensors

Periodic breathing at night (Cheyne-Stokes respiration)

41

Hyperventilation

m Usually only > 3000 m

m Reduces inspired - alveolar PO, difference

m Probably not necessary

weak in some top
mountaineers

(Peter Habeler - first on
Everest w/o O, - 1978 with
Messner)

[ 2

N

AN

altitude natives < lowland people

43
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Carotid body hyperplasia

Carotid body weight (mg)
40
30 1
20 7
10 1
(o]
om 4330m
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2. T erythropoiesis
Hematocrit (%) Hb (g/100 ml)
60 1 20
15 -
40 -
10 1
20
5 |
(0] (o]
om 4540 m om 4540 m
5 Initially dehydration ({ drinking, 1 ventilation) ->
{ plasma volume -> 1 relative [Hb]
s Soon T RBC formation
45
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Hypoxia stimulates erythropoietin

200

180 -

160

140

120 7

100 7

80

Erythropoietin in plasma

140 1 2 3 4 7 8 9
Days at high altitude

—6000m
—4500m

—3500m
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3. T gas diffusion to blood

m Normal ~ 21 ml O,/mmHg/min,
T<3x
- Lung distension by hyperventilation
-> T alveolar surface
- Relative lung growth
- Pulmonary hypertension -> { dead space (zones)

m Diffusion can limit oxygenation during exercise at
extreme altitudes:
- L AaPO2
- faster RBC transit through lung capillaries

49
4. T tissue capillarity
m VEGF (HIF-1)
m | diffusion distance
m Small 4 SBP (~10 mmHg)
m More pronounced in altitude natives
52
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Capillaries in skeletal muscle

480
460
440
420
400
380
360
340
320
300 ‘ ‘ ‘ ——

Capillaries/mm?

Sea level
W High altitude

Proc Natl Acad Sci USA 2007

53
5. T O, extraction & utilization in
tissues
m Crucial
m Unclear
|
N\
57
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Additional effects of hypoxia

- Weigh loss (anorexia, dehydration)

. Fertility ¢, menstrual disorders, smaller newborns
(HFPV?)

« Often patent ductus arteriosus

(normally closed by normoxia)

« Pulmonary hypertension

- Right ventricle hypertrophy

59
Hypoxic fetoplacental
vasoconstriction
Fetoplacental 45}(; (020
perfusion
pressure 46
(mmHg) 44 /J’A\\
- ~ [N
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minutes Hampl et al, Am J Physiol 2002
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| pulmonary hypertension —
T work capacity

40 ) 300
SPAP Controls Kapacita
(mmHg) 35 zatéZe 250
W)
30 Controls

200
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20 Sildenafil 150

Sildenafil

> 100
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50
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Normoxia Hypoxia Normo xia Hypoxia

65
High altitude residens have less
systemic hypertension
100 8~0m
Prevalence B~1250 m
(%) o
60
40 1
. Systolicka Diastolicka
Hypertension
68
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Chronic hypoxia normalizes
hypertension in mRen-2 +/- rats

220 +/- normoxie
Systolic arterial
pressure 200 -
(mmHg)
+/- hypoxie
180
160 -/- hypoxie
-/- normoxie
140
120
10%0,
1(x) T T T T
9 11 13 15 17
Age (Weeks) Cervenka et al: Physiol Res 64, 2015.
69
e (o] 7 I.
Prizpusobeni populaci:
3 strategie
m Tibet
m Andy
ol
m Etiopie
&
70
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Adjustments of populations

® 4570 m highest permanent settlement in Tibet

m 5330 m highest permanent settlement (Andes)

® 5790 m highest permanent workp
miners sleep at “only”’ 5330 m)

m Adaptation from birth better tha .
later
large chest, small body

72

A Prizplsobeni populaci:
mensi plicni hypertenze

30 7
Stredni
tlak v 25 Han
plicnici
(mmHg)

20

Tibetané
15

10 T T
2260 3200 3950 4280

Nadmorskd vyska pobytu a méfeni (m)

Wu et al. 2006

73
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Adaptace Serpli - P/Q ve vy3ce
stejné jako u kontrol v niziné

30

Tlak v
plicnici  »5
(mmHg)

20

15

o 2 4

lowlanders @ 5050 m

Sherpas @ 5050 m
lowlanders @ o m

6 8

Srde¢ni index (I/min/m?)

Faoro et al J Appl Physiol 2014

75

HIF-20. (EPAS1)

m endothelial PAS domain-containing

protein 1

m v zavoslosti na Po, fidi expresi fady gent

(v¢. erythropoietinu)

m 87% Tibet'and (vs. 9% Han): neobvykla
varianta genu, odpovida za lepsi adaptaci

m Tibetané maji nejvyssi expresi EPAS1 na

svété

76
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Adaptace v Tibetu

m Zdroj neobvyklé varianty
EPAS1 u Tibetana:
Denisované (vymreli
nejpozdéji pred 15 tis. lety)

m Tibetané jsou na nahorni
plosiné nékolik tisic let

Huerta-Sanchez et al: Nature 2014

77

Yo Denisované

St T * m objeveni 2010

m hominidi zijici
paralelné s Homo
sapiens a Homo
neanderthalensis

| m nejvic jejich genomu
(3-5 %) dnes maji
Melanézané, Papudnci a
australsti aboriginci
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Disorders of adaptation

m Acute mountain sickness
m High altitude pulmonary edema (HAPE)
m High altitude brain edema

m Chronic mountain sickness

82

Acute mountain sickness

m Acclimatization slower than ascent

m Frequent, esp. after quick ascent

8 15-25 % of travelers to 2000-3000 m

s up to 67% of travelers to 4300 m

84
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Acute mountain sickness:
signs & symptoms (at least 3)

m Headache
s most frequent (~70% of travelers above 2500 m)
¢ can be very strong

B [nsomnia
s >30%of cases

m Excessive fatigue
8 <30%

m Diziness
s ~20%

86

Acute mountain sickness: signs

& symptoms

m Dyspnea, esp. on exertion

3 ~20%

6 Sa0, usually ~normal
m Loss of apetite

3 <5%
m Nausea, vomiting

3 <5%

¢ an proceed to dehydration

87
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Acute mountain sickness: signs
& symptoms

m Disorientation

m Loss of concentration
m Oliguria

m Caugh

m Chest pain

m Tachycardia

m Palpitations

m Swollen legs

88

Acute mountain sickness: signs
& symptoms

m Usually starts within 6 hr, but can start

after 12-24 hr

m Culminates on day 2-3

90
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Acute mountain sickness:
causes

m Not quite clear

m Probably light edema of brain (& lung &
legs)

m Excessive hypoxic vasodilation?

m Also oliguria (unclear cause)
- Na* & water retention

92

Samuel Fritz (1654 —1728)

=
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Nevado del Mismi (5200 m)

26



Acute mountain sickness:

m Slow ascent prevention

m Sufficient drinking, not alcohol

m In some cases carboanhydrase
inhibitor acetazolamide o
s T bicarbonate excretion
s ¥ pH (metabolic acidosis)
s T breathing

98

Acetazolamid inhibuje HPV
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Teppema et al Am J Respir Crit Care Med 2007
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Acetazolamid inhibuje HPV

250
A PVR
(7) 200 _ =~ benzolamid

//— kontroly
150 //
100

50
acetazolamid
(0] T \
0 1 2
Hodiny h i
odiny ypoxie Hohne et al Am J Physiol 2007
100

Chronicky acetazolamid zlepsSuje
plicni hypertenzi

60

40

%
20
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-20
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hct PVR RVH remodelace co
Pichon et al Eur Respir J 2012
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Acute mountain sickness:
treatment

Usually spontaneous recession in 3-4 days
O, not much help

|
|

®m Diuretics
m Rest

|

Pause ascent until symptoms leave!!!
(otherwise risk of HAPE, HACE, +)
If no improvement, descend

104

th HAPE

-

m Non-cardiogenic pulmonary edema

m Very different from other types

m First 2-4 days of ascent (usually quick) above ~2500
m’
most often 2nd night

m Incidence <£15%

m Without treatment fatal within hours (exceptionally
even with it; most frequent cause of death at

altitude),
otherwise complete cure w/o consequences

107
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HAPE: mechanisms

® ~uneven HPV —
localized
hyperperfusion —»

pressure

= T hypoxic pulmonary
venoconstriction?

m Hypoxic permeability
of lung capillaries

109

F‘ |J HAPE diagnosis

| m Extreme fatigue, weakness, cough, dyspnea at rest,
chest congestion

m Loud breathing, central cyanosis (lips, nails), arterial
desaturation, tachycardia, tachypnea

m Fever, pink sputum

m Symptoms similar to MI, pneumonia, embolism

suspect if no improvement with descent

(relat. frequent due to dehydration & polycythemia) -

111
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Management of HAPE

= Treatment:

|
(down where last time no problems)

m O, (field hyperbaric chamber)
* Nifedipin (inhibits HPV, but systemic hypotension!)

m Experimental: gingko, B-agonists

m Prevention:

= Slow ascent
e >2 nights at 2500-3000 m before further ascent
¢ Above 3000 m don’t sleep >300-400 m higher than previous night

113

Vyskovy edém mozku

m Vzacny, nékdy spolecné s HAPE
m Po pokracovani ve vystupu s akutni horskou nemoci

» Symptomy pripominaji hypothermii (snadna zdména)
¢ silnd bolest hlavy
e iracionalita, zmatenost, letargie
e halucinace
e cerebelarni ataxie (chaotické pohyby jako pfi opilosti)
e retindlni krvaceni

114
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High altitude brain edema

- Rare, sometimes together with HAPE

- After continuing ascent with acute mountain
sickness

- Symptoms similar to hypothermia (errors in
diagnosis easy)
e strong headache
e irrationality, confusion, lethargy
e delusions
e cerebelar ataxia (chaotic movements as if drunk)
* retinal bleeding

115

Vyskovy edém mozku

ALASKA REGIONAL MOSPITAL MRI

N = | éCba:
e Ve, »
18 e Okamzity sestup!!!
° O2

e Dexametason

m Progndza:
* Bez |éCby
fatalni béhem hodin

e S [écbou obvykle
uzdraveni bez nasledkd

12/2/20
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High altitude brain edema

Sigm L.5T FOR.ICO ALASKA REGIONAL MOSPITAL MRI
Ex: 7287
>

Se:2/2 mpepe-c  tment:
12438 - e
526, - 15:0

Dexamethasone

ognosis:
Without treatment
fatal within hours

consequences

With therapy usually cure w/o

m Pri akutni horské nemoci zastavit vystup!

"“' -

m Pri
zhorsovani
okamzity
sestup!

118

Zakladni pravidla do vysky
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Main rules to high altitude

m With acute mountain sickness halt ascent!

m With worsening, descent!

119

Chronicka vyskova choroba

= T polycytémie

m T plicni hypertenze

m T hypertrofie pravé komory

m Méstnavé pravostranné srdecni selhani

Prevalence ~5-18 % nad 3200 mn. m.

120
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Chronic mountain sickness

m T polycythemia
m T pulmonary hypertension
m T right ventricle hypertrophy

m Congestive right ventricle failure

Prevalence ~ 5-18 % above 3,200 m

121

Priciny chronické vyskové
choroby

m Nejasné

m Nedostatecna ventilace?
> pomaha acetazolamid

m Asi moc silna "adaptace”

(slabé mechanismy limitujici adaptaci, - NO,
PGl,,...?)

122
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Causes of chronic mountain
sickness

m Unclear

m Perhaps excessive "adaptation”

(weak mechanisms limiting adaptation -
NO, PGl,,...?)

123

Extreme altitudes

m Above ~5800 m: complete adaptation impossible

¢ rapid worsening of weakness, mental state, anorexia,
exhaustion, dyspnea, headache

m Above ~7900 m struggle for life; delusions, poor
judgment

m Sudden exposure (decompression):
at 10 km unconsciousness within 30 sec

125

12/2/20

36



High pressure:
diving

Also building tunels
(high pressure against
water seeping)

126

Potdpéni — 2 razné
situace/problémy

m potdpéni bez dychani (freediving)
m hl. problém: hypoxie

m potapéni s dychacim pristrojem
m hl. problém: tlak

127
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Jak dlouho vydrzi pod vodou:

Vorvani a delfini: 2 hod
Velryby a tuleni: 18 min

Bobr, kachna: 15 min
Krysa, kralik, kocka, pes: 2-4 min

Clovék: ~1 min
] Akvabely: Pa0O, 30-35 mmHg
[ Korejské lovkyné perel: 2 min
(20-30 m, 20x za hodinu)
u Free divers: 8 min. 6 sec.
e 170 m no limits
e vlastni silou: Pipin Ferreras, Audrey Mestre, Martin
St&pének,
William Trubridge - pfes 100 m

128

How long underwater?

m Dolphin: 2 hr

m Whale, seal: 18 min

m Beaver, duck: 15 min

m Rat, rabbit, cat, dog: 2-4 min
® Man: ~1 min

8 Synchronized swimming: PaO, 30-35 mmHg

6 Korean pearl divers: 2 min
(20 m, 20x/hr)

129
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William Trubridge 101m

131

Potapéni s dychacim pristrojem
m Tlak T 0 1atm na kazdych 1o m

m Aby plice nekolabovaly, musi vdechovana

smés prichdzet pod T tlakem

138
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Under surface

m Pressure T by 1atm per each 10 m

m To prevent lung collapse, the inhaled

mixture must come under T pressure

139

T tlak -> T hustota plynu

m Proto ve 4 atm 2x T prace dychacich sval@ na
pohyb vzduchu dychacimi cestami

m Navic potreba hybat vzduchem v pridaném
mrtvém prostoru

m Spolu se zadrZzovani dechu muze vést k
retenci CO, -> bezvédomi

m He ma | hustotu ne? N,

140
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T pressure-> T gas density

m At 4 atm: 2x T work of respiratory muscle to
move air through airways

m Plus the need to move air in added dead space

m Together with breath-holding causes CO,
retention -> unconsciousness

m He has J density than N,

141

Vysoke PO,

m Napr. PO, v 40 m:
21% O,, 5 atm ~100% O,, 1 atm

m Tvorba O, radikala T
prem(ze bunénou obranu

m Namaha to zhorsuje

142
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High PO,

me.g.PO,at4o0m:
21% O,, 5 atm ~100% O,, 1 atm

m T O, radical production
overcomes cellular defenses

m Worsened by exercise

143

Vysoke PO,

m 60% O, pfi1atm:

m OK i dlouho (dospéli)
m PO, <760 mmHg (100% O, pfi 1 atm)

m pharyngitis, tracheitis po ~8 hod

m pak atelektdzy, plicni edém, I mentaIni aktivita
m 100% O, pfi >1.7 atm (~30 min):

m podrazdénost, nausea, zavraté, svalové zaskuby
a krece, poruchy vidéni, dezorientace,
bezvédomi

144
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High PO,

« 60% 0O, at1atm:

- OK even for a long time (adults)
- PO, <760 mmHg (100% O, at 1 atm)

- pharyngitis, tracheitis after ~8 hr

- then atelectasis, lung edema, I mental activity
« 100% O, at >1.7 atm (~30 min):

- irritation, nausea, dizziness, muscle cramps &
seizures, vision problems, disorientation,
unconsciousness

145

Dusikova narkdza

m Dychani vzduchu >4-5 atm

m Podobné alkoholu: Zovialita, euforie,
zmatenost, ospalost,
d motoricka koordinace a sila

m Rozpusténim v bunécnych membranach
neuront N, sniZuje jejich drazdivost (stejné
jako inhalacni anestetika)

146
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Nitrogen narcosis

m Air breathing at 24-5 atm

m Similar to alcohol: euphoria, confusion,
sleepiness,
{ motoric coordination & strength

m By dissolving in cell membranes of neurons,

nitrogen reduces their excitability (similar to
volatile anesthetics)

147

Dekompresni (kesonovad)
nemoc

m Privynorovani tvorba bublinek 20-700 um v krvi a
tkanich supersaturovanych plynem rozpusténym
b&hem expozice T tlaku

m Povrch bublinek je thrombogenni-> vznik
komplex( bublinky-proteiny-desticky

m Problémy, az kdyz to plicni cirkulace nestaci
odfiltrovat (PAP T 0 ~20 mmHg)

m Bolesti sval(, kloub(; az i paralyza, kolaps,

vvvvvv

problémy), plicni edém, embolie

148
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Decompression sickness

m Bubble formation during surfacing in blood &
tissues from supersaturated gas solution
created during exposure to T pressure

m Pain in muscles, joints, paralysis, collapse,
unconsciousness; dyspnea, lung edema,
embolism

149

Dekompresni nemoc

m Az po delSi expozici

m dusiku to trva dlouho, nez saturuje télesné tekutiny
(Spatnd rozpustnost)

m zejména malo vaskularizovany tuk (N, se v ném
rozpousti nejvic)

m Pohyb to zhorsuje
m He se hdr rozpoustinez N,

m Srde¢ni zkraty — T riziko (plice nevychytaji
bublinky)

150
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Decompression sickness

m Only after a longer exposure

- it takes time for nitrogen to saturate body fluids
(poor solubility)

- esp. little vascularized fat (easiest for N, to dissolve
in)
m Worsened by activity
m He dissolves less than N,

151

Dekompresni nemoc

m Lécba:

m Rekomprese a pomald dekomprese v
hyperbarické komore

m Lze zrychlit hyperbarickym O,
e nedodava se zadny dalsi N,
o T gradient N, mezi bublinkami a okolim
o T difuse O, do ucpanych oblastf
m Prevence
m pomalé vynorovani
m dny/tydny v pretlakové nadrzi

152
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~— Decompression sickness

erapy:
- Recompression & slow decompression in hyperbaric
chamber

- Can be accelerated by hyperbaric O,
¢ no more N, is supplied
o T gradient N, between bubbles & their surroundings
o T difuse O, into obstructed areas

m Prevention
- slow surfacing
- days/weeks in hyperbaric tanks

153
Dekomprese po1hodv 60m
Hloubka (m)
_12 : e -
20 7
30
40 +
50
-60
70 -
-80 -50 -20 10 40 70 100 130 160 190
Minuty
154
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Decompression after 1 hrat 6o m

Depth (m) —

155

He misto N,

m | hustota
= | dechova prace — | retence CO,
= T hlas - J komunikace

ml rozpustnost
= | narkoticky Gcinek
= | dekompresni choroba
m T tepelnd vodivostnost

= T riziko podchlazenf

156
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He instead of N,

m | density
.1 work of breathing — { CO, retention
- T voice pitch — { communication

m | solubility
- 4 narcotic effect
- 4 decompression sickness

. T heat conductivity
. T risk of hypothermia

157

Vysokotlakovy nervovy
syndrom (HPNS)

m Pod130m

m Hyperexcitace nerv( tlakem
m tres rukou
B nausea, zavraté

m Horsi pri rychlejSim ponorovani

m Omezuji to tlumivé dcinky N, (“Trimix”)

158
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High pressure nervous
syndrome (HPNS)

m Below 130 m
m Hyperexcitation of nerves by pressure

- hand tremor
« nausea, dizziness

m Worse with faster descent

m Reduced by blunting effects of N,
(-> “Trimix”’)

159
E § 100% O, Compressedair Heliox Trirmix
oTO0
Hloubka -}
7
potopeni ..
[e] 7 . |
s ruznymi g
Nitrogen narcosis
I 5 200 460 1
T 1
plyny : |
5 1
g Y
S 3019 EESE
n
400 1120 HPNS
1
I
|
I
\
Severe
Y
n
600, 0.8% 0,
i
160
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Depth of dive
with various gas
mixtures
|
% 300 4-90 Sj‘“
400 120 Hﬂis
Y
600 o.;!/.,roz

161

162
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High pressure chambers

Max 0.3 MPa, 120 min

163

Hyperbaricka oxygenoterapie

m Intoxikace CO a kyanidy
m Vzduchova embolie
m Anaerobni infekce

m Traumatickd ischémie (crush syndrom)
m po tézkém zranéni koncetiny a jejiho obéhu,
casto s infekci
m [schémicka choroba dolnich koncetin

164
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Hyperbaric oxygenotherapy

m CO & cyanide intoxications
m Air embolism
m Anaerobic infections

m Traumatic ischemia (crush syndrome)

¢ after heavy injury to extremity & its circulation,
often with infection

m Ischemic disease of the leg

165

Barotrauma

Due to gas pressure change where it cannot
equilibrate with surroundings:

+ nasal cavities

- rotten teeth

- middle ear (obliteration of Eustach’s tube)

« bowel gases

- alveoli (if no exhalation during ascent)

167
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Submarines

e Emergency escape

e Inner environment

(e.g. CO in cigarette
smoke)

169

Emergency escape from subs

®m From 100 m possible without
devices

m During ascent gas in lungs
expands

s m Constant exhalation
necessary

m That also removes CO, —
J need for inhalation

171
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A

172

Gravitacni pretizeni

m Rakety (3-9 G), letadla,
pady z vysky, srazky

m G = nasobek normalniho gravitacniho
pretizeni

m + pretizeni od hlavy k nohdm,
- opacné

174
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Gravitational acceleration

m Car accidents, falls,
rockets (3-8 G), airplanes

m G = multiple of normal gravitational
acceleration

® + in the direction head -> feet,
- opposite direction

175

Pozitivni podélné G

m Clovék vydrZiv sedé:
m 4 G asi 40-50 sec

m 15-20 G asi 1 sec
(ve stoje min, vleZe trochu vic)

176
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Positive longitudinal G

m Sitting man:
+ 4 G~ 40-50 sec

+ 15-20 G ~1sec
(less if standing)

177

Pozitivni podélné G

2G:
m tézké, hlr ovlddané koncetiny
3-4 G
m vzprimena poloha je problém
m udrzet otevrené odi je namahavé
m dychani je namahavé
4-6 G:
m gray-out za nékolik vterin, pak black-out
20 G:
m fraktura obratlQ

178
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Positive longitudinal G

- heavy, difficult to move extremities
3-4 G

- upright posture is a problem

- keep the eyes open is difficult

- breathing is difficult
4-6 G:

- blackout in several sec
20 G:

- vertebral fracture

179
““Gray-out/black-out"

+5G: tlak v zildch nohou 450 mmHg

m distenze zil nohou a bricha

m presun krve dol(

m  drasticky ¥ Zilni névrat

m tlak krve | (k ~20 mmHg; prechodné, pak to

¢astecné upravi baroreceptory)

m  odkrvuje se mozek a sitnice

m zSednuti zorného pole

m  po desitkach sec ztrata vidéni, pak védomi
180
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“Black-out"

+5G: pressure in leg veins 450 mmHg
- distension of veins of legs and abdomen
blood shifts downwards

drastic 4 venous return

blood pressure { to ~20 mmHg
(transient, quick partial T by baroreceptors)

{ blood flow to brain & retina

seeing gray -> loss of vision

181
Pozitivni podélné G
mTrochu pomaha anti-G oblek
m tladi vodou nebo motorizovanymi polStari na
nohy a bficho
®m nezabrani posunu srdce a branice smérem k
brichu (proto limit ~10 G)
mTrénink:
m komprese bricha predklonem a stahem
brisnich svalt
= T nitrohrudni tlak
182
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Positive longitudinal G

mPartially helped by anti-G suit
- pushes water or motorized cushions at legs & abdomen
- does not prevent downward shift of heart & diaphragm
(thus limit ~10 G)
*Training:
- abdominal compression by bending forward and
contraction of abdominal muscles
7T thoracic pressure

183
Pozitivni pricné G
m Start rakety skoro 10 G (raketopladn 4G)
m Nejvétsi tolerance G je vleze
(10-17 G az 3 min)
m Nejvice namahano:
dychani
m hypoventilace
184
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Positive transversal G

m Rocket [aunch almost 10 G

m Best G tolerance lying (10-17 G up
to 3 min)

m Most difficult:
breathing

- hypoventilation

185

Negativni G

m Hlavné letecka akrobacie
m Snasise hirnez + G
m Vysoké tlaky v mozkovych cévach
m ikdyZ proti plsobi stejnym smérem
centrifugovany mozkomisni mok

m to ale neplati pro sitnici - proto red-out

m Otok obliceje, nebezpedi krvaceni do mozku

187
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Negative G

m Less tolerated than + G

m High pressures in brain vessels

despite cerebrospinal fluid centrifuged in the
same direction

but not in retina -> red-out
m Facial swelling, risk of brain bleeding

188

”Red-out"

m Naval krve do sitnice
m ZCervenani zorného pole

m Rychle nasleduje ztrata vidéni

189
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s Excessive blood flow to retina
¢ Seeing red

s Loss of vision quickly follows

”Red-out"

190

191
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BeztiZze (mikrogravitace)

m Vnimani polohy

m Presuny vody

m Kosti a svaly
e

Denis Tito v beztizi

192

Weightlessness (microgravity)

m Position sensing

m Water shifts

m Bones & muscles
e

Denis Tito on orbit

193
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Pri vesmirném letu

m PretiZzeni pri startu a ndvratu

m Beztize

®m naobézné draze ~200 km zbytek gravitace
vyvazovan odstredivou silou

m Radiace
m ale treba priletech Appolo mensi nez pri
rtg vysetrenich
m  pridelSich letech horsi

194

Challenges in space

m Acceleration on launch & re-entry
m Microgravity
m Radiation

o bute.g.in Appolo flights less than in rtg
diagnostics
o worse in longer flights

195
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Vnimani polohy

m Stredni ucho
m polokruhovité kanalky
m otholity
m Mechanoreceptory ve svalech a slachach

m Taktilni receptory v k@zi (hl. ploska nohy)

m Vizudlni podnéty

196

Position sensing

m Middle ear

& semicircular canals
s otholites

m Mechanoreceptors in muscles & tendons
m Tactile receptors in skin (e.g. feet)
m Visual cues

197
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Vnimani polohy v beztiZi

m Disociace gravitacné zavislych a visudlnich
vjemu
m Poruchy prostorové orientace
m ,,Cloumani s raketou‘‘ misto klik(
m Nahly obrat vzh(iru nohama pfi vstupu do
beztize
m Posléze: dole je tam, kde jsou nohy
m Syndrom adaptace na vesmir

198

Position sensing in microgravity

m Dissociation of gravitationally-dependent and
visual cues

m Defects of spatial orientation
s Shaking the rocket instead push-ups
¢ Sudden flip upside down on entry to microgravity
¢ Finally: down is where the feet are

m Syndrome of adaptation to space

199
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Syndrom adaptace na vesmir

m “Morska” nemoc z nesouladu mezi
visudlnimi, taktilnimi a gravitacnimi vjemy

m Nechutenstvi, poceni, zavraté, bolest hlavy,
poruchy soustredéni, nevolnost, zvraceni

m Zacindpo1hod-2d
trva az 4 dny, odezniva spontanné

m Asi u 50% astronautt

m D3 se simulovat ,,virtualni realitou*

200

Syndrome of adaptation to space

m “Sea” sickness from dissociation
between visual, tactile & gravitational cues

m Loss of appetite, sweating, upset stomach, dizziness,
headache, attention deficits, nausea, vomiting

m Startsint1hr-2d
lasts up to 4 d, ends spontaneously

m ~50% of astronauts
m Can be simulated by ,,virtual reality*

201
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Presuny vody

m Voda se prresunuje T (hlava, hrudnik)

m Kazdd noha ztraci ~ 1l tekutiny (10% objemu)
béhem 1. dne

m Napomaha tomu T objemu hrudniku
(¥ vaha jeho stény)

m Otok obliceje, nosni kongesce, "ryma'" po
celou dobu beztize
m proto astronauti pred letem malo piji

202

Water shifts

® H,O moves T
(head, chest)

m Each leg looses ~11 of fluid - 10% of its
volume - during the 1st day

m Aided by T chest volume ( weight of its
wall)

m Prevention: T H,O intake

203
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Presuny vody v beztizi

= T objem krve v hrudniku
— T tepovy objem a srde¢ni vydej
m CO ale posléze |
(neakativni svaly ho méné potrebuiji)
m distenze atrii —> T ANP — T diuréza
y,koriguje vnimanou hypervolémii

204

Water shifts in microgravity

m Face swelling, nasal congestion, runny nose
for the whole flight

m T chest blood volume
— T stroke volume & cardiac output

5 CO eventually { (inactive muscles do not need
much)

205
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T H,0 v horni poloviné téla

— T tlak v renalnich arteriolach
— T glomerularni filtrace (aZ +20%)
{ RAS
— | aldosteron — Jobjem plasmy (0 10-20%)

dehydratace tkani
m  Normalizuje se brzy po navratu

Nejdriv ale ortostaticka intolerance
(¥ tepovy objem ve stoje, protoZe ¥ objem krve
a presunuje se do nohou)

206

T H,O in upper parts of body

— T pressure in afferent arterioles

— T glomerular filtration (by 20%)
J aldosterone

— { plasma volume (by 10-20%)

tissue dehydration

s Normalizes soon after return

However, at first orthostatic intolerance
({ stroke volume when standing due to 4 blood
volume & its shift downwards)

207
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Prechodna anémie

m | hematokrit (o 15% za 2 tydny)

m Po 2 mésicich témér normalizace

m Nejdrive dehydratace —
T relativni hematokrit —
 erythropoesa
(¥ potfeba O, kvdlli | aktivité sval®)

m Krvinky dokonce nejasnym zplisobem
odbouravany

208

Hematokrit po navratu

m Nejdfive déle |
(normalizuje se objem plasmy)

m Pak normalizace béhem nékolika tydn(

209
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Srdce

! objem krve

! naméhavost pohybu a postoje
— { naroky na srdce

— | velikost a vykonnost srdce

m Normalizace béhem par tydnt po ndvratu

210

Heart

J blood volume
J energy expense of movement & posture

> demands on heart
> size & effectiveness of the heart

m Normalization within a few weeks after return

211
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Kosti a svaly

m Kosmonauti "povyrostou
(na pater nic netlaci)

m Ztrata asi 1-1.5 % kostni hmoty
(a Ca?*) za mésic po celou dobu letu

m Usilovné cviCeni to nezastavi, jen trochu

zpomali
®  nejucinngjsi je béhatko s nohama v podtlakové
komore

212

Bones & muscles

m Astronauts grow* taller
(no pressure on spine)

m ~1-1.5 % of bone mass (& Ca?*) lost/month for
the whole flight

m Not stopped by vigorous exercise, only
slowed down

213
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Ztrata kostni hmoty

m Zastavuje se az asi mésic po navratu
m Ne zcela reverzibilni 22?

m Osteolyza: T Ca2* v plazmé
— 7 riziko ledvinovych kament

214

Bone mass loss

m Stops ~1 month after return
m Completely reversible 222

m Osteolysis: T plasma Ca?*
-> T kidney stone risk

215
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Svaly v beztizi

m Atrofuji

m Pomalé (na podporu vahy téla) se méni na
rychlé

ml myosin
m | proteosyntéza

m Ve svalech ubyva cév
a nervovych zakonceni

216

Muscles in microgravity

m Atrophy

m Slow (body weight support) change to
fast

md myosin
m | proteosynthesis

m Less vessels &
neuromuscular junctions
in muscles

217
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Spanek

m mizi chrdpani a poruchy spanku dané
Spatnou prichodnosti hornich dych. cest

m pritom kosmonauti spi min
®m mMozna proto, ze spilip?

218

Re-entry

m HI. problém: ortostaticka intolerance
= | objem krve
m | arteridlni tonus v nohéach

® rozumna normalizace béhem hodin

219
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Suché horko

m Typicky pousté (1/5 souse), ale i jinde

m Clové&k se zFfejmé vyvinul v aridnich
koncinach

m Na slunecné plazi u more je 4x vic radiace
(odrazené) nez na louce

222

Dry heat

m Typically deserts (1/5 of land), elsewhere
m Man probably evolved in arid areas

m Sunny seaside beach 4x more radiation
(reflected) than on a meadow

223
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Rizeni termoregulace

m Hypothalamicka centra
m predni - odpovéd na teplo
m zadni - odpovéd na chlad

m Senzory teploty krve v hypothalamu a
velkych cévach

m Sympatikus:
m periferni arterioly (NA)
m potni zlazy (ACh)

224

Thermoregulation control

m Hypothalamic centers
s front-response to heat
¢ rear-response to cold
m Blood temperature sensors in hypothalamus & large
vessels
® Sympaticus:
s periferal arterioles (NA)
s sweat glands (ACh)

225
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Ztraty tepla
m Vedenim
m malo ucinné z hlubsich vrstev
m Radiaci

m Vyparovanim
m vihkost klze, potni Zlazy

m koZni vazodilatace
(T srde¢ni vydej, konstrikce splanchniku
-> Gl obtize)

m funguje i pfi
teploté téla > teplota okoli

226

Heat loss

m Conduction

s insufficiently effective from deeper layers
m Radiation
]

s skin humidity, sweat glands

s skin vasodilation
(T cardiac output, visceral vasoconstriction
-> Gl discomfort)
s works even when
body temperature > surrounding temperature

227
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Cooling:
mainly sweat evaporation

228

DalSi mechanismy

m Ztrata tepla vyparovanim respirace
u lidi malo vyznamna

(jen minimalni T respirace)

m | tepelné produkce snizenim aktivity
je az 2. obrannou linif

229
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Additional mechanisms

m Heat loss by evaporation from respiration -
not much important in humans

(only minimal T respiration)

= | heat production by reducing activity -
second line of defense

230

Adaptace na horko

m Béhem 1-3 tydn(

m T kardiovaskularni vykonnost

= T RAS

m | ztraty NaCl potem a mo¢i (T aldosteron)
= T objem plasmy

m T maximalni schopnost pocenf (2x)

231

12/2/20

83



Adaptation to heat

m Within 1-3 weeks

m | NaCl loss via sweat & urine
(T aldosterone)

m T maximal sweating capacity (2x)

232

Hyperthermie

m Kratkodobé 43°C (hypothalamus) - OK
(dospéli)
m DelSi dobu nad 40°C — poskozeni

hypothalamického centra — selhani
thermoregulace

m Prehrati — T metabolismus — T prrehrati
m 45 °C smrt skoro jistd
m nad 50 °C dekompozice buné&k a tkani

233
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Hyperthermia

& Briefly 43°C (hypothalamus) - OK
(adults)

s Longer >40°C — damage to hypothalamic center —
thermoregulatory failure

s Overheating —
T metabolism — T overheating

234

Hypertermie

m Tepelné vyclerpani
m mirné;jsi problém z deplece vody a soli
e zizen, slabost, uzkost,...
e teplota jadra <40C

m Termoreguladni selhani
m zivot ohrozujici
* teplota jadra > 40°C + dysfunkce CNS (nervy jsou na hypertermii
nejcitlivéjsi):
 apatie, zmatenost, podrazdénost, hostilita, bolest hlavy,
nausea/zvraceni, pripomina opilost
¢ nakonec delirium, krece, koma

235
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Hyperthermia

Nerves most vulnerable

Apathy, irritation, nausea/vomiting, headache,
seizures, delirium, unconsciousness, +

Often worsened by circulatory failure
Help: cooling

e preferably by ice (more gentle cooling can be negated by
skin vasoconstriction)

236

Termoregulacni selhani

Vic tepla, nez se télo dokaze zbavit
m hodné tepla z venku
m velkd vlastni tvorba tepla
Casto fatdlni nebo dlouhodobé neurologické nésledky

m Hypotenze (z dehydratace) -> omdlévani
m Tachykardie, tachypnea (pokus o kompenzaci hypotenze)

Kdze nejdriv ¢ervend (vazodilatace pro dissipaci tepla),
pozdéji bleda (vazokonstrikce pro kompenzaci hypotenze)
Hypoperfuze GIT + jeho teplem zvySeny metabolismus ->
ischemické poskozeni bariérové funkce -> endotoxemie ->
cytokiny, aktivace koagulace, dalsi zhorSeni termoregulace

237
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Riziko termoregulacniho selhani

stari

déti

osaméli

mentalné postizeni

neschopnost zvysit srdecni vydej (do kize a kvli teplem
zvySenému metabolismu)

m choroby, Iéky (diuretika)
m na kokainu, amfetaminech,...

238
Co s tim
m Ochladit
m led na krk, podpazi, bricho, omyvani kize
studenou vodou - ne ledovou, aby se nedélala
vazokonstrikce
m Expanze plasmy (voda, soli)
m LéCit organova selhani
m respiracni, crikulacni, renalni
239
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Heat cramps

6 From low blood Nacl
(mechanism unknown, but NaCl replenishment is
the only effective therapy)

o NaCl can be diluted by increased water drinking

o Abdominal can resemble sudden abdominal
events, in legs similar to exhaustion cramps

240
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VIhké horko

m V destnych pralesich (30 % souse) pomérné malo

vvvvvv

konkurenci

m Malé variace teploty vzduchu okolo teploty k(ize,
humidita 70-100%, bezvétri, ale malo primé
slunecni radiace

vvvvvv

horko (neucinnost poceni)

242

Wet heat

m Relatively little natives in rain forests (30 % of land),
perhaps forced there by more successful competition

m Small variation of air temperature around skin
temperature, humidity 70-100%, no wind, but little
direct sun radiation

m Adaptation much more difficult than to dry heat
(ineffective sweating)

243
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Chlad

m T svalovy tonus (T tepelné produkce)

m Tres - klicovy
. soucasné zaskuby antagonistickych svall

- Ttvorbu tepla 2-3x

. pfi adaptaci se vic
tresou svaly uvnitr
téla - efektivnéjsi
ohrivanijadra

BT T

m Netresova
termogeneze

245
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Cold

m T muscle tone (T heat production)

m Shiver - essential
- simultaneous twitches of antagonistic muscles
- heat production T 2-3x

- with adaptation, more shiver of muscles inside the body -
more effective warming of body core

m Non-shivering thermogenesis

(brown fat, muscle?)

246

Periaortalni BAT

m i u lidi umi vyznamné ohrivat protékajici
krev (pri SNS aktivaci)

m rozprazeni oxidativni fosforylace
thermogeninem — akumulace ATP nebrzdi
exotermni reakce elektrontransportniho
retézce

247
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Periaortalni BAT

m i u lidi umi vyznamné ohrivat protékajici
krev (pri SNS aktivaci)

248
6 : )
Hunting phenomenon
Subject's finger immersed iniceat-5 °C
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IS Arrbient terrperature

Ean 15°C

|4

20

4

£

o

&

* 10 —

° I 0.I5 l 1.10 l 1.15 : 2-I0
Tirre {h)

249

92



Finger tempemture (*C)

30

20

“Hunting phenomenon”

Subject's finger immersed iniceat—-5 *C

Arrbient terrperature
15 °C

1 1
0.5 1.0 1.5 20
Tirre (h
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Raynauddlv fenomén
m Maurice Raynaud 1862
m zmodrdni prstd v chladu
m piechodnd ischémie prst(
251
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