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Liebe Kollegen und Interessierte,

zum Abschied als Leiter der Sportmedizin Heidelberg zum Ende des
Wintersemesters 12/13 mochte ich mich bei meinen Freunden und Kollegen
fiir die Zusammenarbeit im Rahmen eines Symposiums zum Thema "High

& Altitude Tolerance” ganz herzlich bedanken.
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~ Akutni vy$kova nemoc

ﬁ Monitorovani hladiny kysliku a tolerance
hypoxie

a Genetickeé aspekty tolerance vyskove
hypoxie

Deéti a pacienti ve velkych vyskach
Atleti ve velkych vyskach

Déjiny horske mediciny v Evropé






Neuroimaging in AMS and HACE

Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovem otoku mozku

M Knauth
K Kallenberg
K Schommer v

¢ Dehnert
D M Bailey
P Bartsch

Universities of Gottingen, Heidelberg & Glamorgan
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Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Vyskovy otok mozku
Zivot ohroZujici forma AHN u neaklimatizovanych po rychlém vystupu do
velké vysky.

Tézka kmenova (truncal) ataxie, zastrené vedomi a loziskové priznaky,
smrt béhem 24-48 hodin nasledkem herniaci mozku.

Vzacné pod 3500-4000 m, 0,5-1,5% mezi 4000 a 5500 m (Hackett et al 1976).

MRI ukazuje vazogenni otok mozku.
Dle studie Hackett et al 1998: 7 z 9 mélo zmeény v genu a splenium
corpus callosum, u 4 sledovanych doslo k dplnému vymizeni MRI nalezu).

V mozku zemrelych na HACE lze nalézt mnohocetné mikrohemoragie.

High Altitude Tolerance, Heidelberg 2013



Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Nové presnéjsi postupy (modality) MRI*:

Depozita hemosiderinu (z degradace Hb) |ze prokazat u osob po VOM
pred 2-31 meésici, nejen u zemrelych na VOM,

zatimco u tezké AHN se mikrohemoragie nenasly

(* MRI = zobrazovani pomoci magnetické rezonance)

VOM ve skupiné horolezcli

Mikrohemoragie se vyskytuji u neletalniho
VOM

Lokalizace v corpus callosum (splenium,
corpus/genu)

U tézkého VOM také v bilé hmoté hemisfér
Mikrohemoragie jsou témér vylucne po VOM
Vétsina prezivsich VOM ma mikrohemoragie

High Altitude Tolerance, Heidelberg 2013

Mikrohemoragie se vyskytuji témer
vzdy a témer vylucne po
prodelaném VOM

Mikrohemoragie zlistavaji léta po
VOM (depozita hemosiderinu)

Neuropsychologické dusledky jsou
WEERLE



Neuroim ag N 0 In AMS and HAC E, michael Knauth et al., Universities of Géttingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Kratka exkurse do magnetické rezonance

Short excursion info MR sequences /& \ T2w

'“~L\csr=: high signal
*— bone: no signal :
J/ brain tissue: intermediate signal

4 0
0 )
G @ @ when brain water content increases 1%
-> increase in T2 signal {
WO CHfusion Diffusion weighted images (DW%

Likvor=nizky signal, kost=zadny, mozek=stredni signal

High Altitude Tolerance, Heidelberg 2013



Neuroim ag N 0 In AMS and HAC E, michael Knauth et al., Universities of Géttingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Kratka exkurse do magnetické rezonance
Diffusions MRT:

Diffusion (DWI):

measured diffusion
is practically
the water diffusion in
EXTRACELLULAR space

Brown sche Molekularbewegung der Wasserprotonen

without diffusion
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Neuroim ag N 0 In AMS and HAC E, michael Knauth et al., Universities of Géttingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Kratka exkurse do magnetické rezonance
OO T QO] rerna 00U 90 =
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Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Vasogenic edema: ADC T2

aparentni difuzni koeficient

Cytotoxic edema ADC T2

ADC 2% ?
Vasogenic edema with cytotoxic component

High Altitude Tolerance, Heidelberg 2013



Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Studie 22 dobrovolniku

* v hypoxické komore 11 osob AHN
* normobaricka hypoxie 12% 02 s : o
. 16 hodin 11 osob jen male potize

Mirné zvyseni objemu mozku +7,014,8 ml, p<0,05, ale bez rozdilu mezi
zdravymi a nemocnymi

Osoby s AHN méli o 60 ml vétsi objem mozku (p<0,05) — Rossova ,tight fit“
hypotéza, i kdyz zvyseni objemu mozku pri hypoxii ¢inilo jen 0,5% celkového
mozkového objemu? (nezda se byt jako dostatecny rozdil)

Journal of Cerebral Blood Flow & Metabolism (2007) 27, 1064—1071.
High Altitude Tolerance, Heidelberg 2013 d0i:10.1038/sj.jcbfm.9600404; published online 4 October 2006



Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

Why the splenium of the Corpus callosum?
Volume increase ca. 0.5% of TBV
UL not really known, but..

*no significant difference between AMS and non-AMS
+5.7 * 4.3 ml non-AMS
*8.3+51 AMS

AMS-participants had 60ml more brain

Ross-hypothesis - .tight fit"
SWHY, just WHY_2
*ATRY docs not seem beg encugh

hypoxemic endothelicl damage .
°uhz$b¢duefohsrelmivcla:kofndrmgoc?m _ |
.susceptible to hypoxic vasodilation and outoregulation failure

0N
High Altitude Tolerance, Heidelberg 2013 'mﬂfw Wum



Neuroim ag N g IN AMS and HACE, Michael Knauth et al., Universities of Gottingen, Heidelberg & Glamorgan
Zobrazeni mozku pri akutni horské nemoci a vyskovém otoku mozku

A M S (simulated, isobaric hypoxia)

omild brain volume increase: no difference between AMS/non-AMS
-AMS subgroup hod more brain: _tight fit™?

+TZ signal increase: no dif ference between AMS/non-AMS

*ADC increase in non AMS: vasogenic

-ADC decrease in AMS: additional cytotoxic component

Magnetic resonance imaging evidence of cytotoxic
cerebral edema in acute mountain suckngss_

EWmaar» o0

SUMMARY

High Altitude Tolerance, Heidel e _——



AH N VOM - intrakranialni tlak (ICP) - AHN

Akutni hypoxie - vazogenni otok mozku (mirny otok u viech) — neni zpravidla spojen
se vznikem AMS

cytotoxicky otok - dalsi zvétseni objemu mozku - cefalea, AHN
ale PICP nelze prokazat u vSsech osob s AHN, bolest hlavy je drive

porucha BBB pfi zanétu a tvorbé volnych radikalt

ICP ~ skore AHN
Tight-fit hypotéza (prostornost lebky) — kompenzace vzestupu ICP

ICP nitrolebni (intrakranidlni) tlak
BBB blood-brain-barrier — prechod mezi mozkovymi kapilarami a mozkovou tkani

High Altitude Tolerance, Heidelberg 2013



AHN Dalsi potencialni mechanismy vzniku AHN

e Zvyseni nachylnosti k otoku mozku a zvyseni ICP
VO M * a / nebo dalsi pfispivajici mechanismy

Zmény vodni a elektrolytové rovnovahy - retence (periferni otoky)
Antidiuréza (u AHN 1> ADH)
Zmény v RAS, ANP, aldosteron (rozporuplné nalezy)

Mozkova perfuze 1 a autoregulace
nizka ventilace — nizsi PO2 a vyssi PCO2 — vyssi skore AMS
krevni tlak a cerebral autoregulation index, kapilarni perfuze

Zanétliva reakce, VEGF, volné radikaly, iNOS a ROS - 1* permeability BBB
aktivace trigeminovaskularniho systému

High Altitude Tolerance, Heidelberg 2013



Pathophysiology of AMS...

Pathophysiology of AMS

Damian Bailey. Glamorgan
Patofyziologie akutni horské nemoci

Tradiéni paradigma o vzniku AHN

N2

1 prutok krve mozkem

Y
1 hydrostaticky tlak v kapilarach

N2

1 propustnost bariéry krev/mozek
(vazogenni otok)

N2

1 nitrolebni objem

N2

M zdureni mozku




Pathophysiology of AMS, pamian Bailey. Glamorgan

Patofyziologie akutni horské nemoci M oze k ja kO
Radical reactor... radikalovy reaktor

e Velky prisun kysliku
* Vysoka hustota mitochondrii

e Autooxidabilni
neurotransmitery

* " NO syntaza
* Reaktivni mikroglie

* Vysoky obsah mastnych
AEL

* Nadbytek pfechodovych kovti

* Stredni antioxidacni ochrana

High Altitude Tolerance,
Heidelberg 2013 Jatric oxide synthetase



Pathophysiology of AMS, pamian Bailey. Glamorgan
Patofyziologie akutni horské nemoci

BQ | est Redox-activation of the trigeminovascular system...?

hlavy
u AHN

./"'

a5

High Altitude Tolerance,
Heidelberg 2013




HYPOXIC BRAIN . . .
Figure 3 summarizes the “typical” sequence of events that occur

& Jcerebral PO, in the human brain in response to hypoxia, which is considered
AH N |8 } the “upstream” stimulus responsible for activation of the
/& 0 conehn apperekus adaptive molecular apparatus that serves to maintain cerebral
| ”: | O, homeostasis. However, there are rebound consequences
VO M | B Mainiain cerabra “downstream” that increase the potential for cerebral hyper-
I,__ a '“ DMeosiasis . ) 0 X
2 — S, perfusion (mechanical forces) and capillary leak (chemical
_ MOLECULAR FORCES forces), which can encourage the formation of extracellular
I (Hyper-perfusion) (Capillary leak) .
tCerabralblood flow Free racicals cerebral edema. Cerebral blood flow (CBF) measured using the
| Cersbral autoregulation Vascular endothelial growth facter Kety-Schmidt [38], Xenon-133 [39], or Doppler sonography of
' d the middle cerebral artery [40] techniques has been shown to

teerabral capillary hydrostatic pressure

}

Minor breach of blood-brain barrier

increase, and disordered cerebral autoregulation has also been
documented, in response to high altitude hypoxia [41, 42].
Furthermore, the circulating concentration of free radicals [34,
42-44] and free VEGF also increase in hypoxia [45] thus
providing a chemical stress with the potential to increase BBB
permeability. These responses eventually conspire to increase
cerebral capillary hydrostatic pressure and promote, albeit mild,
extracellular (vasogenic) edema and brain swelling subsequent

“Downstream™ rebound effects

L laminin and Ibrenecin — waler exlravasalion

Mild vasogenic edema confined to corpus callosum: T Tt + TADC

(rextracellular spacs) to hydrostatic disruption of the BBB independent of AMS
SRl |
B:g:‘aBnél:'/ltlsli s Mintracrnial vokima Normal response of the cerebral circulation to hypoxia
Michael Kna : T,rt T, relaxation time, ADC apparent diffusion co-efficient

Brain swalling
Ralf W. Bau {0.6 - 2.7% ~ TmL—MrnL-ru::mg:u; in brrain volurme) Ce” MOl Llfe SC| 2009 Novembel’; 66(22) 3583_3594



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/figure/Fig3/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/#CR38
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/#CR39
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/#CR40
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/#CR42
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085779/#CR34
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Bailey DM[auth]
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Knauth M[auth]
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baumgartner RW[auth]

Novy
revidovany
model
patofyziologie
akutni
horské
nemoci

a
vyskového
otoku
mozku

(maladaptive phenotype)

Inadequate activation of
“0,-sensing” apparatus

}

rsensitivity to hypoxemia

'

«cerabral PO,

TRADITIONAL MODEL
(over-perfusion edema)
Blood-brain barrier disruption «——
'
v
tvasogenic edema — TICV
'

+

Brain swelling TPermeability

; TPeroxidation
Tinflammation
Intracranial hypertension

-t

3
Y Loose-fit ——p Tightit
Intracranial *buffering” capacity

.,a

“Loosei”
brain oran

Trigeminal

Compression of
pain-sensitive structures

Major vanant

3‘& [a.

* activation +—

(capillary “stress failure”)

REVISED MODEL
(redox-activation)

B . 2
ﬁv Free radicals
O, +Fo> — Fet:

"o MO, <» O Femon reaction) ]

+ HO, -» OH :HaberWeiss reacton)

'

+Na*/K* -ATPase
[ “pump failure” ]
TNa

* o TCa™ Kty

!

Fluid “re-distribution”
from vasogenic component
[ TECS — ‘ICS]

'

Astrocyle swelling

“Osmotic-oxidative stress”

[~|cv ) ~|CP]

:

TN#tric oxide

INO, «TREND «
THUND « THLENO

Major varia

LuonouysAp mpylopus

Revised schema of events implicated in
the pathophysiology of acute mountain
sickness (AMS) and high-altitude cerebral
edema (HACE). The traditional model(A)
(stippled lines) contends that vasogenic
edematous brain swelling combined with a
reduced CSF buffering capacity may
predispose to intracranial hypertension
and thus by consequence, AMS. The
revised model (B) suggests that AMS is not
associated with any “additional” volume
overload thus arguing against a role for
intracranial hypertension. It describes how
free radicals can directly activate the
trigeminovascular system to trigger
neurovascular headache and AMS. HACE
may reflect the more extreme spectrum of
“osmotic-oxidative stress” resulting in
gross barrier dysfunction and cerebral
capillary “stress failure”. ICV Intracranial

volume, ECS/ICS extra/intra-cellular space
Cell Mol Life Sci. 2009 November: 66(22): 3583—3594
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Pathophysiology of AMS, pamian Bailey. Glamorgan
Patofyziologie akutni horské nemoci

 Clovék se vyvinul jako ,, aerobni” a hypoxie mu nedéla dobre

 Hypoxie a namaha na sobé nezavisle stimuluji tvorbu volnych
radikalti v mozku

e P prutoku krve mozkem je tmérné priznakim AMS

* Vyznam zustava nejasny, avSak nadbytek volnych radikalu muze
zpusobit strukturalni postizeni a cerebralni endotelidlni dysfunkci

* Role trigeminovaskularniho systému zlistava nejasnd, soucasny
vyzkum je zameéren na nejslozitejsi slozku

- MOZEK - BOLEST

High Altitude Tolerance, Heidelberg 2013
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Damian Bailey. 2 A
Glamorgan o
Patofyziologie akutni Ly . It'sgll gmarter

of balence ' -

horské nemoci

Vse je
otazka
rovnovahy

High Altitude
Tolerance, Heidelberg
2013

Batey UM Coft Mol Life Sei b6 3323.3594 2010



Prevention of AMS and HACE by drugs and treatment in_the field
Peter Hackett, Telluride, CO, USA

Lékova prevence akutni horské nemoci a vyskoveho otoku mozku a léceni v horach

AMS and HACE: Medical

V roce 2013 prophylaxis and field
by se nemélo treatment

In Honor. of Peter. Bartsch
na AHN / VOM : :;;i;elberg;fzma
umirat

Cilem je prevence stredné tezké a tezké AHN

Mirna AHN muze byt nevyhnutelna, ale je zvladatelna
Zachovat funkcni schopnost

High Altitude Tolerance,

Heidelberg 2013 Prevence AHN & VOP je prevenci VOM



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Profylaxe AHN / VOM

Potreba vyplyva z posouzeni rizika
jako je tomu napr. pri malarii

Cilem je minimalizace nemoci

Profylaxe AHN / VOM nezvysuje
vykonnost ve sportovnim smyslu (?)

High Altitude Tolerance,
Heidelberg 2013

=== Mild 73 20 hodin
Moderate

= Scvere

Biedelman
et al. 2013

Probability of Acute
Mountain Sickness (%)

—

2000 2500

Hodnoceni rizika

* Vyska prenocovani
* Rychlost vystupu

* Preaklimatizace

* Fyzicka zatez

e Individualni vnimavost

e Geneticka — ziskana
(nemoc,..)



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

WILDERNESS & ENVIRONMENTAL MEDICINE. 21, 146155 (20101
REVIEW ARTICLE

Wilderness Medical Society Consensus Guidelines for the
Prevention and Treatment of Acute Alutude Illness

Vadrew M. Luks, MD: Scott B Melntosh, MD. MPH: Colin K. Graissom, MI: Paul S Auverbach. M. MS:

Georee W. Rodway. PhD. APRN. Robert B. Schoene, MD: Ken Zatren | NOVS/ poh|ed na léébu a prevenci nemoci
z vysky (Al) na zakladé ACCP
classification

21. Pelikanav seminafF, Seé, Ustupky
Jana Kubalova

Wilderness Medical Society Consensus Guidelines for the
Prevention and Treatment of Acute Altitude lliness

Luks, Mclntosh, Grissom, Auerbach, Rodway, Schoene, Zafren, Hackett

ngh AItItUde Tolerance Heidelberg 2013 Wildemess and Enviromental Medicine, 21, 146-155 (2010)
)



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Komu predepisovat leky do prevence?

J. Kubalova, 2010

Riziko

Profylaxe

« bez anamnezy Al vystup < 2800m

High
Altitude

;1 neninutna | . yystup 2500-3000m za dva dny, spaci vyska <
n |Zke —qneni 500m/den_ ] . o
duvod kazdych 1000 m den navic pro aklimatizaci
Riziko Lze zvazit |+ Anamneza AMS, vystup do 2500 — 2800m v 1 dni
v , | Profylaxi | .Bez anamnézy, vystup nad 2800m za 1 den
stredni | zvaizit

Tolerance,
Heidelber;
2013

Riziko :'
vysoke

3véiit

- Vystup/spanek > 500m/den ve vyskach nad 3000m
acetazolamid

oporucen
cetazolami

exametazag

« anamneza AMS + vystup nad 2800m v 1 den

d anamnéza HACE a HAPE

« vystup + spanek > 500m/1den nad 3500m
« velmi rychly vystup (napf. Mt.Kilimanjaro)

n

Colorado
ski resort

Nepal

trekking

Kilimanjaro




Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Prostredky pro prevenci AHN Neddinna

e A zolami Vi i
cetazolamid e Anti-oxidancia

* Aldacton
* Inhibitory PDE-5
* Nifedipin

* Dexametazon
* |bprofen
* Ginkgo biloba
«—Amoenobilina
+—Gapapentin :

_ * Blokatory
*—Sumatriptan leukotrienu

°* magnesium

* Ginkgo?

High Altitude Tolerance, Heidelberg 2013



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

acetazolamid

CO2 + H20 = H2CO3 = H* + HCO3-
Blokuje karboanhydrazu, zvl. v ledvinach
Plsobi bikarbonatovou diurézu
Stimuluje ventilaci, zvysuje PO2
Podporuje vyménu iontu pres BBB

Profylaxe
125-250 mg 2x denné (5 mg/kg.den) den pred vystupem
a dalsi 2-3 dny
Vhodna testovaci davka
Alergie na sulfonamidy?
Nekteré vedlejsSi ucinky jsou zavislé na velikosti davky
parestézie, kovova pachut, inava, nevolnost,

myopie
High Altitude Tolerance, Heidelberg 2013

Studie v roce 2012

Nad 3000 m

250 mg/d = 500 mg/d

125 mg netestovano

Vyssi riziko = vyssi ucinnost

Nizsi davka = méne
vedlejsSich ucinku

Zaver: individualné, pouzivat
spiSe mensi davky (krome
Kilimanjara?)



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Dexametazon v prevenci AHN

* Indikovan pro situace s velkym rizikem

* Nebo jako alternativa k acetazolamidu

* 4 mg 2x az 4 mg 4x denneg, zacit pri vystupu
 vyssi davka je pro velkou zatez (vojaci, zachranci)
* Podavat kratsi dobu nez 1 tyden

* ,Gaining use for summit day”“

High Altitude Tolerance, Heidelberg 2013



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

ibuprofen v prevenci AHN

Snizeni vyskytu AMS (2x denné 600 mg), do 3750 m, 43% vs. 69%

High Altitude Tolerance, Heidelberg 2013



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Diagnosticka kritéria AHN Diferencidlni diagnostika AHN/VOM

Vystup do vysky Dehydratace

Bolest hlavy a jeden z priznak Vycerpani
porucha traveni Podchlazeni
unava nebo slabost Kocovina
zavrat Otrava CO
nespavost Hyponatremie

Podobné kocoviné reylfyoglykemle

Nejsou nervové priznak

_ . : i 3 Infekce
Lady Gaga, Sick: Singer ktus, TIA

Suffers From Altitude
Sickness While on Tour in
Colombia

Posted on Nov 8th 2012

High Altitude Tolerance, Heidelberg 2013

KreCové stavy
Psychické poruchy
migréna




Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

AHN

lécebna taktika

Logistika
terén
pocasi
denni doba
dostupna pomoc

Zavaznost
tézka AMS je naléhavéjsi
Expertiza

Vybaveni
léky, kyslik atd.

High Altitude Tolerance, Heidelberg 2013

Zpusoby a moznosti léceni

* Sestup (> 300 m)

e Kyslik (nizky prutok)

* Pretlakovy vak (minimalné 2 h, idealné 4-6 h)
* Preruseni vystupu (dalsi aklimatizace)
 Symptomatickeé léky: ibuprofen, ondasetron
* Acetazolamid

 Dexametazon (neuvéritelné ucinny)
 Kombinace



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Pokyny WMS k léceni AHN VOM - dalsi léceni

* Prerusit vystup, obvykle neni sestup nutny

2 Iy o 2 * Péce o dychaci cest
* Sestup jestlize se priznaky zhorsuji — hrozi Y Y

e Kyslik

il : D\;I§|’ opatfent pri

* Analgetika na bolest hlavy, antiemetika na P
komatu
nevolnost :
i i cadle } o Katetrizace

* Na prvnim misté acetazolamid 250 mg 2x L

dennd mocového m.

e Osmoticka diuréza?
* Furosemid?
* Hyperventilace?

* Alternativa pro tézkou AHN: dexametazon
4 mg p.o./i.m./i.v. a 6 hodin

High Altitude Tolerance, Heidelberg 2013



Prevention of AMS and HACE by drugs and treatment in the field, Peter Hackett, Telluride, CO, USA
Lékova prevence akutni horské nemoci a vyskového otoku mozku a léceni v hordch

Osobni lIékarnicka pro AHN

* Acetazolamid

* Dexametazon

* Antiemetikum Ondasetron (Zofran) 4 mg po 2-4 h
* lbuprofen 600 mg po 8 h

High Altitude Tolerance, Heidelberg 2013



Hypoxic pulmonary vasoconstriction and high altitude tolerance
Eric Swenson, Seattle, USA

Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

Hypoxic Pulmonary Vasoconstriction - - 2\~
and High Altitude Tolerance Historie 'a srovna\iacl aspekty
p— . Mechanismy a prubéh HPV

wmpoaium on I-llgh Altitude Tolerance

Funkce HPV
vyvoj fetalni plice
adaptace ventilace-perfuze
HPV ve velké vysce je pro dobro nebo zlo?
zlepSeni vymény plynu
schopnost zateze

akutni a chronicka vyskova nemoc
hypoxicka plicni vazokonstrikce Altitude

Tolerance

HPV - plicni hypertenze - VOP i




Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

Hypoxic Pulmonary Vasoconstriction
First Description

1946. von Euler and Liljestrand  Acta Physiol Scand 1946

First recorang ol Mypoxe PUETICOATY VASOCONEINCION

L aM snnval pyssiry
11

- rn
1y

LA Mypminsa L)
LR L ™ YA e,

Since 1945 > 3000 aru¢ies on HFV 2
20 or:ginal studies by Bartsch ana co-workers ocn MPY ang h.gh atiude

High Altitude Tolerance, Heidelberg 2013



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

12 mmHg at SL... po roce v 4540 m 6I(’)AP v klidu

18 mmHg (Rotta et al. 1956) mmHg

Primy ucinek hypoxie na malé plicni tepny North
(remodelace, muskularizace, hypertrofie AMania
medie)

* Endothelin-1: po jeho blokadé bosantinem

byl vzestup PAP v Capanna Margherita nizsi
(Goerre et al. 1995 in HAMP2012)

e Tvorba ROS->Na a K kanaly ->kontrakce
 Dalsi...

HPV sméruje krevni priutok od hypoxickych Pa0, (MmiHg)

oblasti plic a zmensuje nepomér V/Q, a tak Groves et al. 1993, HAMP2012 5.114
mirni pokles PaO2 — prospésné pro Vazodilatancia plicnich cév

astmatiky a CHOPN, avsak bez uzZitku ve * Ca blokatory

velkych vyskach (VOP) * inhibitory 5-PD (sildenafil,..) snizi PAP a zvysi

High Altitude Tolerance, Heidelberg 2013 VO2max



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

Uloha iontovych kanala a nitrobunééného kalcia v regulaci plicni vazokonstrikce

-

Smooth musde
celf

i
'l ; v-;‘g'
Endothatial col| 'A:g?ww e
| -
"n

O3 LR
— HAMP2012, s. 116

High Altitude Tolerance, Heidelberg 2013



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

MuzZe byt HPV ve vy$ce prospésna? HPV u clovéka nezlepsi V/Q ani oxygenaci,
Dvé moznosti: jestlize hypoxie postihuje vice nebo

vsechny plicni oblasti
e Zvyseni difuzni kapacity (kapilarni E

perfuze a povrch pro vyménu d VeI’ka vys’ka
plynti) * Spankova apnoe

i ¥ * Hypoventilacni syndromy
* HPV by mohla zlepsit pomér V/Q . pjicni obstrukce a restrikce

Plicni hypertenze
e akutni: VOP a omezeni vykonu

e chronicka: cor pulmonale, chronicka horska nemoc

Brisket disease u dobytku
High Altitude Tolerance, Heidelberg 2013



Chronicka horska nemoc (Monge’s disease)

(X V4

Vyskyt: osoby zijici ve velké vysce po radu let, primo
umérny vysce a délce pobytu, castéji u muzd, v Jizni
Americe, v Tibetu castéji u prichozich a ve vysce
narozenych Cifiana.

Klinicky obraz: excesivni erytrocytdza (Hb nad 190 g/l u Zen
a nad 210 g/l u muzud) s hematokritem pres 75%,
hypoxémie a vétSina ma plicni hypertenzi s moznym
vyvojem do cor pulmonale a pravostranného srdecniho
selhani. Po sestupu se zlepsi.

Symptomatologie je vagni: bolest hlavy, zavrat, fyzicka a
psychicka unava, nechutenstvi, dusnost, pocit paleni b
nohou a rukou.

Léceni: trvaly navrat do niziny, jinak opakované
venepunkce, respiracni stimulancia (medroxyprogesteron
acetat), acetazolamid.

Eliminovat rizika je casto obtizné: kour, prach, znecisténi
pitné vody kobaltem.

Predispozice: zkoumaji se genetické markery

Plichi onemocnéni

Vyskova plicni hypertenze (HAPH),
drive oznacovana ,,subakutni horska
nemoc” (sub-acute mountain
sickness, téz high altitude heart
disease)

Vyskyt: novorozenci ve vysce narozeni nebo

presidlivsi v prvnim roce zivota, obyvatelé
vysek Ci prichozi po vice mésicich a letech

Klinicky obraz: plicni hypertenze, selhani
pravého srdce, otoky. Projevuje se dusnosti...
Léceni: v niziné priznaky mizi. Tlak v plicnici
snizuji nifedipin a sildenafil, nejsou vsak
dlouhodobé studie.

Erytropoetin 4

Hypoxie Ery a Hb
Nizkda HVR CBF |, - pfiznaky
Vék
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Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

High HPV Causes Brisket Disease

5-10% mortality

at high mountain summer pasturces (Colorado)

90% mortality

of cows imported from Virginia to Peru

» >
"f-,.’" _}P(.-h‘-b» -".’r.. . .
- '. "'-~ JW* - -~}
- f - 3 ‘ O
E o‘q .” ', . .‘
e B A STt

death by right heart failure

(cor pulmonale) |
edema develops in brisket. neck, jaws

identify cattle at ris«



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

HPV a VOP HPV and HAPE

High Altitude Pulmonary Edema:
CRM 1996 Capanna Regina Margherita (CRM)

Peter's home away from home

-1 ‘

High Altitude Tolerance, Heidelberg 2013



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

LECEBNE MOZNOSTI PRI HPV
LEKY ZMENSUJICI HPV A PLICNI HYPERTENZI

dostupné
Kyslik

Ca blokatory

PD-5 inhibitory

Beta-2 adrenergni agonisté
Glukokortikoidy

Inhalace NO (nitric oxid)
Prostacyklin analoga

Hypocapnie n. metabolicka alkal6za
ACE inhibitory

Blokatory angiotenzinu

Dechova stimulancia

experimentalni
Suplementace zelezem
Inhibice Rho-A kinazy
Acetazolamid
Vazoaktivni strevni peptidy
Aktivatory draslikovych kanalu
Inhibice HMG Co-A reduktazy

High
Nitrity Altitude

Tolerance,
Aktivatory guanylat cyklazy Heidelberg

2013



Hypoxic pulmonary vasoconstriction and high altitude tolerance, Eric Swenson, Seattle, USA
Hypoxicka plicni vazokonstrikce a tolerance velkych vysek

FACIT

HPV je komplexni fenomén s dvojim ostrim
- prospesna pro vymenu plynu pri omezené mistni hypoxii v plicich
- ale hemodynamicky zhoubna, jestlize je prilis velka cast plic hypoxicka

HPV predstavuje mnohafazovy proces s mnoha senzorickymi

a signalnimi drahami a cetnymi ovlivnujicimi faktory

Akutni HPV lze lehce zmeénit dle potreby, zvlaste je-li vysoka,
rozmanitymi, pro plice relativne specifickymi léky

HPV ve velké vysce (globalni alveolarni hypoxie) neposkytuje
toleranci vysky: ,méne je vice”. Strategie a reseni — léky nebo si
dObFe Vybrat SVé r0d|ée High Altitude Tolerance, Heidelberg 2013




Hypoxic pulmonary vasoconstriction: Does it limit performance?
Robert Naeije, Briissel, Belgium

Omezuje hypoxicka plicni vazokonstrikce vykonnost?

High Altitude Tolerance, January 25-28, 2013, Heldelbe 7 . RN N < 7
- e ® 1. Vysoky tlak v plicnici sniZzuje aerobni
Hypoxic Pulmonary

Vasoconstriction and High kapacitu ve velké vysce
Altitude Tolerance
Robert Naelje 2. Negativni uCinek je vyvazovan
ErasmeHOSP“a‘ 7 v ’ ’ o« 7 ’
Brussels, Belgium zvysenim obsahu kysliku v arterialni
krvi a zvysenou difuzni plicni
kapacitou

3. Chronicka horska nemoc je
zdUraznénim této fyziologické

High Altitude Tolerance, Heidelberg 2013 d d d pta ce



Hypoxic ventilatory response and high altitude tolerance
Robert Schoene, San Diego, USA

Hypoxicka ventilacni reakce a tolerance velkych vysek

Tolerance to Hypoxia Hyperventilace v hypoxii je nejdulezitéjsim
aklimatizacnim mechanismem

Rizeni ventilace
1. Periferni chemoreceptory: karoticka a aortalni
téliska) PO2 (pH, PCO2)
Od 3000 m (P102=100t) 2. Centralni chemoreceptory v prodlouzené mise
Variabilita 23-72% PCO2->pH
nizsi: atleti-vytrvalci, plavci
s vekem HVR klesa

4 PO,»> 1+ VE-> J PCO,>4 VE

High Altitude Tolerance, Heidelberg 2013




Hypoxic ventilatory response and high altitude tolerance Robert Schoene, San Diego, USA
Hypoxicka ventilacni reakce a tolerance velkych vysek

Work of Breathing at Extreme Altitude
(>8000 meters) May Require ~50%

of Total Energy Expenditure (VO,)

.., it WOB is ~10% (500 cc/min) VO, max
in elite athletes (VO2max - 5 Ipm) and
VO2 max on the summit of Mt. Everest
is ~1 Ipm and VE max'’s are similar, then
WOB on summit is roughly 50% of total
- not much different from COPD patients

High Altitude Tolerance, Heidelberg 2013



Hypoxic ventilatory response and high altitude tolerance Robert Schoene, San Diego, USA

HVR a AHN

neschopnost dostatecné zvysit ventilaci je rizikovym faktorem AHN a zvl. VOP

Hypoxicka ventilacni reakce a tolerance velkych vysek

Hu et al. 1982

|
6 dobre aklimatizovanych mélo vyraznou HVR! . | ' ] | -
4 s AHN méli zpomalenou HVR | 1 ) .
e
Richalet et al. 1988 j 4;:.’--’45
u 128 ucastnika expedic — nizka HVR byl rmkovyf IJ(ltor AHN
- 1

Milledge et al. 1988, 1991
neni korelace mezi HVR pred expedici a skore AHN

Bartsch et al. 2002
HVR po prichodu do 4559 m (CRM) korelovala se skdre AHN pf¥isti den

High Altitude Tolerance, Heidelberg 2013 Citace HAMP2012, s.74-76



Hypoxic ventilatory response and high altitude tolerance Robert Schoene, San Diego, USA
Hypoxicka ventilacni reakce a tolerance velkych vysek

HVR a AHN HVR a vykon ve vysce

* Obecné je vztah mezi odolnosti viici AHN a dobrym
vykonem ve vysce, ale je mnoho vyjimek

* Horolezci s rychlou HVR maji horsi mentalni vykon
ve vysce i po navratu (Hornbein et al 1989)

* Pro mnoho uspésnych vystupu na osmitisicovky stacila
nizka ¢i prumérna HVR

* HVR nekoreluje s dosazenou vyskou, zatimco VO2max
v niziné ano (Richalet et al 1988)

High Altitude Tolerance, Heidelberg 2013 Citace HAMP2012, s.74-76



Hypoxic ventilatory response and high altitude tolerance Robert Schoene, San Diego, USA
Hypoxicka ventilacni reakce a tolerance velkych vysek

Limity extremnich vysek

* Absolutni pokles spotreby kysliku

sniZzeni obsahu kysliku v krvi a minutového srdeéniho
objemu

* Velka spotreba kysliku dychacimi svaly
(,,cardiac steal”)

* Vyskova deteriorace

High Altitude Tolerance, Heidelberg 2013



Clinic and pathophysiology of HAPE

Marco Maggiorini, Ziirich, Switzerland

Klinika a patofyziologie vyskoveho otoku plic

» Cyanosis, 8pO2 < 70% (4500m)

phuo Raibs orufiegind

o
High %Ititude Tolerance, Heidelberg 2013




Clinic and pathophysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

Historie

Smrt doktora Jacotteta na Mont Blancu v r. 1891. Zemrel na
Vallotove chate (4300 m) po zachranné akci na hore. Nechtel
sestoupit, stravil dalsi dvé noci na chate se zrejmymi priznaky
AHN. Béhem druhé noci zemrel. Posmrtny nalez ukazal ,,akutni
plicni otok” (oedeme considerable, Mosso 1898).

,V roce 1913, Ravenhill popsal ,,puna of the cardiac type” jako
smrtelnou formu nebo nasledek AHN“

(West, John (2013-05-17). High Altitude Medicine and Physiology 5E (Page
310). CRC Press. Kindle Edition)

High Altitude Tolerance, Heidelberg 2013



Clinic and pathophysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

s

Bartsch et al. 2005

.
.
3

.1«'3) (b)

Figure 21.1 Radiograph of a patient with high altitude pulmonary edema: (a) on admission and (b) 4
days later. (Reproduced with permission of Dr T Norboo of Leh, Jammu and Kashmir, India.)

High Altitude Tolerance, Heidelberg 2013 HAMP2012, s.313-4



Clinic and pathophysiology of HAPE marco Maggiorini, Ziirich, Switzerland

Klinika a patofyziologie vyskového otoku plic

Table 21.2 Cardiac catheter studies in high aklkitude pulmonary edema (HAPE) at 3700 m
(data from Antezana et al. 1982)

Pulmonary artery

pressure (mmHg) Wedge pressure Cardiac output
Group Systolic Diastolic (mmHg) (L min~T)
HAPE (n=5) 81 Lilke 5 5.8
Controls (i = 50) 29 13 3 |

Controls HAPE-S
80 5 80 —
e ) 1 Systolicky tlak ]
H 70 s, v 70 - r
Vyskovy otok plic (VOP) | v plicni tepné _
- s0-| (PASP) 60 —
hemodynamika a _ PR
T 50~ E 50 G
E - E i =l
% & o s G
i G S
West, John (2013-05-17). High Altitude Medicine 30 ~{i*1";:;=-=j‘j
and Physiology 5E (Page 315). CRC Press.
Kindle Edition. 7 kontroly o VOP
10 = | 10 -4 1
Rest Workload Rest Waorkload
(75—150 Watt) (75-150 Watt)
at maximum at maximum

High Altitude Tolerance, Heidelberg 2013 PASP PASP




Clinic and pathophysiology of HAPE marco Maggiorini, Ziirich, Switzerland

Pathophysiology of High Altitude Pulmonary
edema: The overperfusion of PC and
Venoconstriction

HAPE: patchy distributed infiltrates Uneven hypoxic vasoconstriction

0
>

|
|
|
|
|
|
|

= |

|

,’_/@; |

| : ;

High i =V |

Altitude ' : : :

Tolerance, : : : :
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Clinic and pathophysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

Elevated pulmonary capillary pressure Bronchoalveolar lavage in early high
leads to a leakage of blood gas barrier altitude pulmonary edema

Excessive hypoxic pulmonary vasoconstriction
80 ' “Capillary leak” BAL was performed at 490 m and 24 hours after arrival at 4559 m

Pulmonary hemodynamics in HAPE

AM PMN RBC Albumin IL-8 LTB4

Mo % % pgm pgm  ngmi

LA 10

-o- Pulmonary capiliary pres. (Pc)

Maggorini ef al Crculation 2'::‘—,1 -1933:.’3 .
Swenson S et al JAMA 2002 287 2440 \ G e, S

- swenson S et al. JAMA 2002, 287; 2226-22335

Pulmonary aretry occluded
=TT pressure {Wadge prassure)

High Altitude Tolerance, Heidelberg 2013



Clinic and path op hysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

VOP - patofyziologie predispozice k onemocnéni

Vasoconstrictors

Vasodilators K7 & Endothelin syrinesss

High Altitude Tolerance, Heidelberg 2013



Clinic and path op hysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic
VOP - patofyziologie predispozice k onemocnéni

- TR gl : asoconstrictors
Vitia (foramen ovale, atresia veétve plicnice) a embolie v

Plicni obj%rny: otn?zené pIi(.:nl' reciste, mensi plice, - Vasodilators &gmhm
35% mensi funkcni r. kapacita a -10% VC !
diskuse o intersticialnim plicnim otoku @ Nitric axide avaliabiky

P @ Prostagiandin synthesis

Ventilace — zpomalena-nizka HVR u vnimavych
ve spanku vyssi ventilace, ale nizsi Sa02 a delsi doba
periodického dychani

Plicni hemodynamika — vazokonstrikce, PAP T T

*Vascular
pedicle

Plicni vazoaktivni mediatory — nerovnovaha
tromboxan B2, NO, endotelin -1, katecholaminy

Clearance alveolarni tekutiny — transport Na a H2C

Genetické markery: polymorfie ACE, e-NOS, VGEF,
surfaktant High Altitude Tolerance, Heidelberg 2013

ssom  455emSh 18R
ek ot al Radoiogy 1933 176 66




Clinic and pathop hysiology of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

VOP - prevalence Horolezci v 4559 m (CRM)
- vystupy béhem 2-4 dnu 4%
Populace v Alpach (vystupy od 3 dnu) < 0,2% - vystup za 24 hodin
Lyzari v Rocky Mountains (Colorado) 0,01-0,1%  kontrolni skupina 6%
Nepal — trekking v 4200 m 4% predchozi VOP  60-70%
Indicti vojaci — letecky do 5500 m 2-15%
Severity of acute mountain sickness in High altitude pulmonary edema may
persons with HAPE develop with only mild AMS

“ No-HAFPE = Subclhnical mHAPE
HAPE

B smso

H Ams 1.3

B ans>3

| HACE

-—

evere HACE
" 's

.-Af.'

‘ _'._‘f'? Mild S
, -~ AMS



Clinic and P atho P hys lolo gy of HAPE marco Maggiorini, Ziirich, Switzerland
Klinika a patofyziologie vyskového otoku plic

HAPE: Take home messages

Prevalence is low. Incidence of HAPE depends orrmdh‘ngual
susceptibility and rate of ascent

Pathophysiologic: primarily hydrostatic pulmonary capxllary ‘.
albumin and red blood cell rich leak leading secondarily to.
systemic inflammation

Clinical hallmarks: weaknessgdecrease in exercise performa-
nce, tachycardia, orthopnea; low SaO2 for a given altitude

,T:ﬁ?ude Diagnosis: It is essentially e clinical diagnosis based on (ts
hallmarks. Lung ultrasound may be a useful tool for making the

Tolerance,

T diagnosis in the field, the gold standard being however the
chest radiograph.




Prevention of HAPE by drugs and treatment in the field

Marc Berger, Heidelberg, Germany

Lekova prevence vyskového otoku plic a Iéceni v horach

Acetazolamid: prevence a zmirnéni (léceni) AHN
mozné snizeni rizika VOP (nejsou studie): snizuje odpor v plicnim recisti

Blokatory kalciového kanalu: nifedipin je prokazatelné ucinny
pro riziko hypotenze dnes vétsina lékarl nepouziva (HAMP2012,s.322) ?

Oxid dusnaty (NO, nitric oxide, vazodilatans): ucinny, ale jako plyn v terénu nepouzitelny

Inhibitory fosfodiesterazy-5 (PDE-5 inhibitory, sildenafil, tadalafil): inhibice cGMP v plicich
J, PAP, P vykonu ve vysce (VO2max)
pouzitelnost neobjasnéna

Glukokortikoidy: zabrana vzestupu PAP
inhibice endotelidlni dysfunkce a popora e-NOS

Sa02 v klidu se zvysuje
High Altitude Tolerance, Heidelberg 2013



Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Jina vazodilatancia
hydralazin (a nifedipin) jsou méné Géinné nez kyslik
fentolamin (alfa-blokator) je G¢innéjsi nez kyslik a zvy3Suje Géinek kysliku
inhibitory ET-1 (Bosentan je inhibitor endotelinu-1) jsou neucinné

n
o

Procentualni zména stredniho tlaku
v plicnici (Ppa) a plicni cévni
resistence (PVR) u pacientu s VOP
po 5 ruznych intervencich:

Nif, nifedipine; hydral, hydralazine;

phen, phentolamine

(reproduced with permission from Hackett et al.
1992). West, John (2013-05-17). High Altitude
Medicine and Physiology 5E (Page 324). CRC Press.

Hydral Phen Phen + O, Kindle Edition.
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Prevention of HAPE by drugs and treatment in the field mMarc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch
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Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Preventing HAPE with Phosphodiesterases-inhiiiito'-'
Prevence vyskového otoku plic (VOP)
Tadalafil and sildenafil (Viagra®)

~ Dosage: Tadalafil 10 mg every 12 hrs
Sildenafil 50-150 mg per day

~ Start: 24 hrs before ascent

~ Duration: Until acclimatization is completed {?: not defined)

—~ Mode of action: Prevention of cGMP breakdown
: endogenous NO |
i
A;tgitude (pulmonary) vasodilation
Tolerance, .. Cyklick{/guans nonofa At e

Heidelberg
2013




Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a Iéceni v horach

Preventing HAPE with dexamethasone
Prevence vyskového otoku plic (VOP)
Dexamethasone

~ Prevents HAPE and AMS
~ Dosage: 8 mg every 12 hours

~ Start: 24 hrs before ascent

~ Duration: Unclear (<5 days due to side effects)

- Mode of action: increased cGMP production
increased activity of nitric oxide synthase

High
Altitude
Tolerance,
Heidelberg
2013




Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Prevence vyskového otoku plic (VOP) salmeterolem

placebo salmeterol
Pa0, [mmHdg] 30.045.1 33.9+7.3*
PaCO, [mmHg] 22.0+1.5 22.4+1.8
LLS (AMS) 11&

50% reduction
in HAPE-5
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Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Salmeterol Prevence VOP

~ Prevents HAPE and AMS
~ Dosage: 125 pg every 12 hours
. Start: 24 hrs before ascent

~ Duration: Unclear

ta-agonist (bronchodilaﬂon)
i Increased alveolar fluid clearance

Altitude
Tolerance,
Heidelberg
2013

- Mode of action: Inhaled be




Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany

Profylaxe
VOP

High
Altitude
Tolerance,
Heidelberg
2013

Lékova prevence vyskového otoku plic a IéCeni v hordch

Suggested algorithm for HAPE prohylaxis

o special behaviour no - - -
Is necessary B ] trekking f climbing »>2508 m Il

l yes5

gradual ascent (300-500 m per day;
rest day every 1000 m altitude)

- }

no drug prophylaxis I . J
recommended H'H‘:.IE M HAPE 7
1 yes




Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Treatment of HAPE Treatment of HAPE
Léceni vyskovéeho otoku plic (VOP)

Pharmacological principles are the same | mmediate improvement of oxygenation
as for prophylaxis

. Descent at least 500-1000 m in altitude or until symptoms resolve

= (avolding heavy exertion during descent)
» Supplemental oxygen (4-6 limin; SO, >90%)

, Portable hyperbaric chamber

- o Ty

. decreasing pulmonary artery pressure (PASP) - T

- increasing alveolar fluid clcaranfe-

High Altitude Tolerance, Heidelberg 2013
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Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Suggested algorithm for HAPE treatment

Léceni

HAPE

VOP /

without AMS

!

oxygen 4-6 !/min (SO, >20%)
plus
nifedipine 20 mg every 8 hrs
or
sildenafil S50 mg every 8 hrs
consider adding
salmeterol 12S pg bid

\

~ith :A’JS

}

dexamethasone 8 mg bid
or
acetazolamide 125 mg bid
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Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Other potential options for HAPE treatment
Léceni VOP — dalsi potencialni moznosti

~ Carbonic anhydrase inhibitor: Acetazolamide (Diamox®)

Endothelin receptor antagonists: Bosentan (Tracleer®)

Prostacyclin analogues: lloprost (Ventavis®)

Nitric oxide donors

Rho-kinase inhibitor: Fasudil




HAPE — VYSKOVY OTOK PLIC

prevence

* Dodrzet pomaly vystup, je-li to .
mozné a umoznit aklimatizaci

* Nifedipin nebo iPDE-5, .

acetazolamid, dexametazon
je-li nutny rychly vystup a u VOP-S*

* Beta-agonisty nebo dexametazon
ke zvyseni alveolarni clearance
tekutiny béhem vystupu

iPDE-5 = inhibitory 5-fosfodiesterazy
VOP-S* = osoby nachylné ke vzniku VOP

léceni
Mirny a stredné tézky otok pri mozné
lékarské observaci kyslik
Tézsi prubéh — transport

Pred transportem nebo neni-li mozny
kyslik nebo komora, 20 mg nifedipinu

VVVVV

nebo tadalafil by mohl byt prospésny

Dychani PEEP maskou nebo proti
sevienym rtim muze byt prechodné
ucinné

HAMP2012, s.325




Prevention of HAPE by drugs and treatment in the field marc Berger, Heidelberg, Germany
Lékova prevence vyskového otoku plic a IéCeni v hordch

Léceni VOP v horach

Lehky aZ stfedné tézky otok staci kyslik, pokud lze dosahnout Sa02 90%
plic pfi dostupné lékarské + observace, sestup neni nezbytny, pokud se
pomoci stav nehorsi (Zafren et al 1996)

, * Nejdulezitéjsi je transport dolti (nékdy i 300 m dramaticky zlepsi)
Ostatni Kyslik 6-10 I/min v prvnich hodinach, po zlepseni 2-4 |/min
p‘r'l'pady * Diuretika dnes jen vyjimecne, zhorsi stavajici dehydrataci
Antibiotika: jen pri znamkach infekce
e Ostatni léky * digoxin — jiz se nedoporucuje

* morfin 15-30 mg i.v.=~»>redistribuce krve.., ale utlum dechu
* PEEP maska

* Prenosna hyperbaricka komora
High Altitude Tolerance, Heidelberg 2013 HAMP2012



Prevention of high altitude illness without drugs

Prevence vvskoveé nemoci bez ouz’iti leku

Christoph Dehnert, Tiibingen, Germany

2850 m

AMS

3050 m

3650

m 4559 m

s

Prevention of high altitude illness

without drugs

Christoph Dehnert

2 Ve rrmites Tramegs S
| e e el
R e

High Altitude
Tolerance,
Heidelberg
2013

Pre-

n 47 128

82

209

0 Symptom 53% 41%
< 2 Symptoms 38% 47%
' > 2 Symptoms 9% 13%
70% :
W non susceptible
60% -
50% -
w. AMS
30%
30% -
] 12%  12%

10% - 4% . !

acclimatization
Rate of ascent

slow slow

yes

rapid

26%
40%
AMS34%

M susceptible

31%

13%

15%
33%
52%

59%

rapid HAPE-S = osoby nachylné ke vzniku VOP

Alpy 4559 m

Himalaje 5450 m
trekking

Alpy 4559 m

nonS
Himalaje 5400 m
vojaci

Alpy 4559 m

HAPE-S

2-4 dny
6 dni
22 h
Letecky

autem

22 h

vystupu
VOP

0,2 %

2,3%

6 %

15,5 %

62 %



Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany
Prevence vyskové nemoci bez pouZiti Iéki

RIZIKOVE FAKTORY AHN, VOP a VOM

Individualni disposice zretrospektivnich dat a zkusenosti
1.Ne okamzité nad 2500-3000 m

2.Nad 2500 m vyska prenocovani
- 300-350 m (nachylné osoby)
- 400-500 m (ostatni)

Stupen aklimatizace 3.0dpocinkovy den kazdeée 3-4 dny

Absolutni vyska

Rychlost vystupu

4.Pri priznacich nemoci nevystupovat vyse

High Altitude Tolerance, Heidelberg 2013



Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany
Prevence vyskové nemoci bez pouZiti Iéki

NEJUCINNEJSI ZPUSOB PREVENCE

= onsultation ﬁ e Y e sojoumn above 3000 m in Nepal

) =iter altitude iliness in past

High Altitude
Tolerance,
Heidelberg 2013




Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany

Prevence vyskové nemoci bez pouZiti Iéki

ot Example for an altitude profile at Mt. Everest “mbras
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High Altitude Tolerance, Heidelberg 2013




Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany

Prevence vyskové nemoci bez pouZiti Iéki

: i i i udy Testing study
Dail No. of sessions  Altitude  Subjects St :
dun't:m ! trail period (d) (m) (n) design Altitude  outcome (AMS)
P re trolled AMS Incidenca |
2 2200 -3100 contro
F‘J;.gfls. MJM;?'?w (2630) 23 doubleblinded 4304 AMS-C Score |
akllmatlzace Be ncontrolled AMS incidence |
Beslernan B A. HAME 009 (V] o
24 h hewr ] ;8 2200 10 CIOSS OVer 43100 ANS-C Score |
AMS incidence |
Dehnert C. MSSE Ahstr) 2500 --3300 controlled
8h sl (2600) 42  doubleblinded 4500  AMSL Scors, D
cidence
Boiema uncontrolled AMS in :
A G2 A0 6  notblinded 430  from3/6t00/6
= controlled AMS Incidence (trend)
i score
Burse R L. Awat s%vlei;;vm“d ':’;70 22  single blinded 4500 no Jdifl. In AMS-C
74N —
2 uncoatrolied
Lyonz TP. AwatSums‘n:wm f:;soo ¢ not blinded 4300 ANS-C Score |
High Altitude 24 h 16/ == == =
Tolerance, ey une Md“wurlnq -

Heidelberg

2 .
1 week (continuou
2013 then 38 h within 4 d at 5000-8500 <43 ot



Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany
Prevence vyskové nemoci bez pouZiti Iéki

Preaklimatizace — minimalni pozadavky

e 7 sezeni (1 tyden), 7 hodin denne

* Vyska dle planované cilové vysky
- minimalni ucinna vyska je 2200-2500 m
- ne vice nez 1500-2000 m pod cilovou vyskou
-je mozné postupné zvysovani simulované vysky

* Kratkodobé protokoly mohou zmirnit priznaky,
avsak nikoli vznik AHN

High Altitude Tolerance, Heidelberg 2013



Prevention of high altitude illness without drugs christoph Dehnert, Tiibingen, Germany
Prevence vyskové nemoci bez pouZiti Iéki

RIZIKOVE FAKTORY AHN, VOP a VOM

Individualni disposice Nelze primo ovlivnit (zatim?)
Absolutni vyska Urcena planovanou cilovou vyskou

Rychlost vystupu Mo > 2500 m
y ystup Maximum 300 (-500) m /den
Klidovy den kazdé 3-4 dny

5 dni 1500 m pod cilovou vyskou
7 dni, 7h/d, > 2500 m
nebo 1500-2000 m pod cilovou vyskou

nedostatek aklimatizace

High Altitude Tolerance, Heidelberg 2013



Prediction of susceptibility to high alltitude iliness
Jean-Paul Richalet, Paris, France

hypoxicky

zatezovy
test fiEafciic
‘mmmmnm cpor > n=3994 (60% m, 40% z) v letech 1992-2008
, M i . -~ pred pobytem > 4000 m s prenocovanim > 3500 m
= . Alpinistes n= 395 h=1326
Trekl.(eurs n=2534 (33’2%)
Touristes n= 457
Travailleurs n= 607

Richalet et al. AJRCCM, 2011,
High Altitude Tolerance, Heidelberg 2013



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd’ nachylnosti ke vzniku vyskové nemoci
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd’ nachylnosti ke vzniku vyskové nemoci

Periferni otoky

Annecy 2011
Un test en
hypoxie,
comment, pour
qui, pourquoi?
J.-P.Richalet
High Altitude Tolerance, Heidelberg 2013 et al.
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd’ nachylnosti ke vzniku vyskové nemoci

Vyskovy otok plic

CEdeme pulmonaire
de haute altitude

Ladakh. J+0

Ladakh. J+2 Annecy 2011

Un test en
hypoxie,
comment, pour
qui, pourquoi?
J.-P.Richalet

et al.

Ladakh. J+4



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

Vyskovy otok mozku
CEdeme cérébral de haute altitude

Nepal. J+24

Hich Altitud Annecy 2011
IRt Nepal. J+3 Un test en
Tolerance, fiypoxie
Heidelberg ¢
comment, pour
2013

qui, pourquoi?
J.-P.Richalet
et al.




Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd’ nachylnosti ke vzniku vyskové nemoci

Patofyziologie vyskovych nemoci

Hypoxie d’altitude

Diffusion \

Chemosensibilité a I'hypoxie:

Poumons [+— _. i R )
reponse ventilatoire a I'hypoxie

Ventilation/Perfusion /

Hypoxémie

Dysfonction
« Tight fit » Dystonetion nusculaire lisse
hypothesis endothéliale - Annecy 2011
[ - - Un test en
High i~
Allfitude Dysfonction hypoxie,
Tolerance OCH A epitheliale comment, pour
’ . .?
Heidelberg HAPE qui, pourqum.
2013 HACE AMSMAM CEdéme périph. JPRichags
et al.




Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd’ nachylnosti ke vzniku vyskové nemoci

Chemoreceptory a hypoxicka ventilacni reakce:
princip hypoxického zatézového testu

Blood

1.0 en detection
vessel Xyg

2. Na and Ca action
potential (Ca influx)
- Rise in cytosolic Ca
. Transmitter release
. Increase of firing in
afferent fibers

g B W

Annecy 2011
High Un test en
Altitude hypoxie,
Tolerance, comment, pour
Heidelberg qui, pourquoi?
2013 J.-P.Richalet

From Lopez-Barneo et al.. NIPS. 1993 to CNS et al.
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France

Ventilation |.min"*

8 8 & &

10

Predpovéd nachylnosti ke vzniku vyskové nemoci

Hypoxicka ventilacni reakce

Sa0., %

60 70 80 90
A 1

100
[

Sa0., %

20 40 60 80
PAO, (mmHg)

100

N HVR=aV,/2S.q,

Annecy 2011

Un test en hypoxie, comment,
pour qui, pourquoi?
J.-P.Richalet et al.
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Predpovéd’ nachylnosti ke vzniku vyskové nemoci

Hypoxicky zatezovy test

e U

»

30% VOZmaX
g SF = 40-50% rezervy
(5Fmax->Fklid)

High Annecy 2011
Altitude Un test en hypoxie,
Tolerance, comment, pour qui,
Heidelberg pourquoi?

2013

J.-P.Richalet et al.
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

Hypoxicky zatezovy test

HR (b.min™") N Sa0, (%) [
140 -
120 .
100 o
80 =
™ Annecy 2011

E H| Un test en hypoxie,

60 1 — 1 70 1

0 4 8 12 16 20 comment, pour qui,

pourquoi?

Time (min) J.-P.Richalet et al.



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

HVRe = AVEg / ASag / Body weight
VE (I/min) Sa0, (%)
50 - =100

0‘.0.'0.0 ® .o-o.—. q AVEr

High Altitude RN RH
Tolerance,
Heidelberg 8 12

2O Time (min)
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

Aconcaguat

Alps (Mont-Blanc) T
Ladakh 1

Ventilatory response during exercise
HVRe < 0.78 L/min/kg

Desaturation at exercice
ASaez22 %

Cardiac response at exercise
HCRe < 0.84 b/min/%

Ascent > 400 m/day

History of SHAI Yes vs No
Undetermined vs No

Regular physical activity,

History of migraine

Female gender

Age < 46 years

Acetazolamide use

B No acetazolamide use

Adjusted* OR (85% Cl)

2.22 (0.84-5.86)
1.66 {0.24-11.40)

2.09 (0.98-4.48)
0.54 (0.17-1.77)

2.20 (1.074.51)
2.36 (0.99-5.61)

6.68 (3.83-11.63)
3.89 (1.74-8.73)

2.50(1.524.11)
1.63 (0.81-3.27)

2.12 (1.37-3.29)
1.11(0.63-1.98)

5.89(3.78-9.16)
2.26 (1.35-3.81)

12.82 (6.95-23.66)

5.02 (2.41-10.44)

1.41 (0.86-2.32)
1.86 (0.96-3.60)

1.57 (1.00-2.46)
1.38 (0.78-2.43)

2.28(1.28-4.07)
1.23 (0.62-2.45)

1.58 (1.03-2.43)
1.09 (0.65-1.84)

1.55(1.01-2.37)
1.45 (0.86-2.45)

0.1

1
Adjusted OR and 95% CI

Logarithmic scale




Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

Figure 2. Clinical and physiological risk factors for severe high-altitude illness (SHAI). Adjusted odds ratios (ORs) and
05% confidence mtervals (Cls) for SHAT are stratified according to preventive use of acetazolamide. Adjusted ORs
were assessed by multivariate logistic regression with adjustment for all variables listed i the figure plus year of

inclusion. Threshold for quantitative parameters are medians calculated on the nonacetazolamide user group. "All other
locations taken as reference. HCR, = cardiac response to hypoxia during exercise; HVR, = ventilatory response to
hypoxia during exercise; ASa = change in arterial oxygen saturation during exercise.

High Altitude
Tolerance,

Heidelberg
2013



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

TABLE 1. FREQUENCY OF SEVERE HIGH-ALTITUDE ILLNESS ACCORDING TO PREVENTIVE USE OF
ACETAZOLAMIDE

No ACZ Use(n = ACZ Use(n =

Overallln = 1,326) 917) 409)

Severe acute mountain 314 (23.7); 95% CI, 21.4
sickness -26.0

High-altitude pulmonary o, ) 2. 950, €1, 1.0-2.5 16 (1.7) 6 (1.5)
edema
High-altitude cerebral 13 (0.98); 95% CI, 0.5
edema -1.7

. . ) - 318 (24); 95% (CI, 21.1
Severe high-altitude illness —Eﬁ.g ) 213 (23.2) 105 (25.7)

211 (23.0) 103 (25.2)

2 (0.5) 11 (1.2)

Definition of abbreviations: ACZ = acetazolamide; CI = confidence interval.

Data represent number of subjects (%%); 95% CI.

High Altitude
Tolerance,

Heidelberg
2013

"No ACZ use versus ACZ use: Pearson x° or Fisher test as appropriate.

TI"-'1|_|I1:i|:|nlna diagnoses possible.



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France

Predpovéd nachylnosti ke vzniku vyskové nemoci

TABLE 2. CHARACTERISTICS OF SUBJECTS ACCORDING TO SEVERE HIGH-ALTITUDE ILLMNESS

Mo Severe High-altitude Illness (n = 1,008} Severe High-altitude Illness (n = 318) P Value™ crude OR (95% CI]T

Baseline charactenshbcs

Age, yr 45.3 (14.1) 42.6 (12.8) 0.003 0.82 (0.72-0.93)
VWomen 391 (38.8) 151 {47.5) 0.01 1.43 (1.11-1.584)
Current smoking 102 {10.1) 22 (6.9) 0.09 0.66 {(0.41-1.07)
Height, cm 171.0 (8.7) 170.4 (5.7) 0.30 0.93 (0.82-1.06)
Weight, kg 66.9 (11.4) 65.4 (10.6) 0.04 0.86 (0.75-0.99)
Body mass index, kg/m? 22.8 (2.7) 22.5 (2.70) 0.06 0.97 (0.76-1.03)
Systolic blood pressure, mm Hg 130.7 (14.2) 130.2 (12.9) 0.55 0.95 (0.84-1.10)
Diastolic blood pressure, mm Hog 82.1 (9.6) 81.5 (9.6) 0.38 0.94 (0.83-1.08)
Medical history

Hypothyroidism 16 (1.59) 3 (0.94) 0.40 0.59 (0.17-2.04)
Depression 11 (1.09) 6 (1.9) 0.27 1.74 (0.64-4.75)
Cranial injury wrth loss of consaousness 13 (1.29) & [1.89) 0.42 1.47 (0.55-3.90)
Hypertension 58 [5.75) 11 {3.5) 0.11 0.59 (0.30-1.13)
Coronary heart disease 5 (0.5) 0 (0.0} 0.60 —

Rhythm disorders 25 (2.5) 6 {1.9) 0.54 0.76 (0.31-1.86)
Raynaud 16 (1.5} 7 (2.20) 0.47 1.39 (0.57-3.42)
Hypercholesterolemia 56 (9.6) a8 (2.5) 0.03 0.43 (0.21-0.93)
Asthma 40 (4.0) 13 (4.1) 0.92 1.03 (0.54-1.95)
Upper ainway infecions 13 (1.8) 5 (1.6) 0.30 0.88 (0.32-2.39)
Bronchopneumopathy 43 (4.3) 13 (4.1) 0.89 0.96 (0.51-1.80)
Pneumothorax 8 (0.8) 2 [(0.8) 1.00 0.79 (0.17-3.74)
Thromboembolism 77 (7.6) 29 {9.1) 0.40 1.71 (0.78-1.90)
Migraine 111 (11.0) 61 {19.2) <0.001 1.91 {1.36-2.69)
Premenstrual syndrome {in nonmenopaus=al women, n = 774} 21 (13.0) 14 (19.2) 0.22 1.58 (0.75-3.32)
Snoring 203 (20.2) 62 [19.6) 0.82 0.96 (0.70-1.32)

High Altitude Tolerance, Heidelberg 2013



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France

Predpovéd nachylnosti ke vzniku vyskové nemoci

TABLE 2. CHARACTERISTICS OF SUBJECTS ACCORDING TO SEVERE HIGH-ALTITUDE ILLMESS

Mo Severe High-altitude Illness (n = 1,008) Severe High-altitude Iliness (n = 318) P Value™ Crude OR (95% CI)

1

Physical and mountaineenng achvity
Physical activity
Mone or occasional
Frequent
Mountaineenng activity
Mone or occasional
Frequent
Previous maximal altitude reached by daytime, m
Previous maximal altitude reached for sleeping, m
Previous history of severe high-altitude illness
Mo
Yes
Undetermined {no expenence of high altitude)
Altitude sojourn
Type of activity
Mountainesrng
Tourism
Work
Trekking

High Altitude Tolerance, Heidelberg 2013

706 (70.1)
301 (29.9)

922 (91.7)
84 (8.3)
4,079 {1,196)
3,190 (1,257)

420 (41.7)
103 {10.2)
485 (48.1)

128 (12.7)
109 {10.8)
166 (16.5)
605 (60.0)

194 (61.0)
124 (39.0)

287 (88.3)
34 (10.7)
4,163 (1,082)
3,206 (1,154)

74 (23.3)
132 (41.5)
112 (35.2)

53 (16.7)
25 (7.9)
25 (7.9)
215 (67.6)

0.002

0.20
0.27
0.18

<0.001

<0.001

1.00 (ref)
1.50 (1.15-1.95)

1.00 (ref)

1.31 (0.86-2.00)
1.07 {0.95-1.21)
1.09 (0.96-1.23)

1.00 (ref)
7.27 (5.09-10.4)
1.31 (0.95-1.81)

1.00 (ref)

0.55 (0.32-0.95)
0.36 (0.21-0.62)
0.86 (0.60-1.23)



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France

Predpovéd nachylnosti ke vzniku vyskové nemoci

TABLE 2. CHARACTERISTICS OF SUBJECTS ACCORDING TO SEVERE HIGH-ALTITUDE ILLMESS

Mo Severe High-altitude Illness (n = 1,008) Severe High-altitude Iliness (n = 318) F Value®™ Crude OR (95% CI)'

Location of uhje-cti've
Aconcagua 27 (2.7) 15 (4.7) 2.54 (1.17-5.51]
Andes {other than Aconcagua) 239 (23.8) 60 (18.9) 1.15 (0.67-1.95)
Alps [Mont Blanc) 52 (5.2} 33 {10.4) 2.90 (1.55-5.43)
Kilimanjaro 119 (11.8) 41 (12.9) 1.57 (0.89-2.79]
Ladakh 63 (6.3) 35 {11.0) <0.001 2.54 (1.38-4.68)
Annapuma tour 105 (10.4) 23 [(7.2) 1.00 (ref)
Everest BC 30 (3.0} 12 (3.B) 1.82 (0.81-4.09]
Mepal (other than Annapuma tour or Everest BC) 124 (12.3) 47 [14.8) 1.73 (0.99-3.04)
Tibet 76 (7.6} 22 {6.9) 1.32 (0.69-2.54)
Others 171 (17.0) 30 {9.4) 0.80 {0.44-1.45)
Events duning altitude sojourn
Maximal altitude reached, m 5,075 (1,056) 5,092 (982) 0.80 1.02 (0.90-1.15)
Rapid ascent {=400 m/d] 256 (26.0) 154 (49.4) =<0.001 2.78 (2.13-3.61)
Hypoxic test parameters
Dezaturation at rest, ASar > 129% 415 (41.0]) 139 (58.9) =0.001 2.05 (1.59-2.66))
Desaturation at exercise, ASae > 22% 534 (53.4) 268 {54.3) <0.001 4.68 (3.37-6.48)
Cardiac response at rest, HCR; < 1.07 beats/min/%% 517 (52.7) 205 [65.9) =0.001 1.74 (1.33-2.26)
Cardiac response at exercise, HCRe < 0.84 beats/min/%% 492 (49.4) 193 (60.9) =0.001 1.59 (1.23-2.06)
Ventilatory response at rest, HYR: < 0.32 Lfmin/kg 499 (50.5) 201 (64.0) =<0.001 1.74 (1.34-2.26)
Ventilatory response at exercise, HVRe < 0.78 Liminfkg 503 (50.7) 278 (B7.4) <0.001 6.76 (4.74-9.63)
Decrease in power output {n = 787) = 2 W/% 301 (51.6) 122 (63.5) 0.005 1.63 (1.17-2.28)
Definition of abbreviations: BC = base camp; CI = confidence interval; HCRe = cardiac respon=e to hypoxia during exercise; HCR; = cardiac response to hypoxia dufing rest; HVR. =
ventilatory response to hypoxia during exercise; HVR: = ventilatory response to hypoxia dunng rest; OR = odds ratio; ref = reference value; ASa. = change in artenial cxygen
saturation during exercise; ASar = change in arterial oxrgen saturation during rest.

High Altitude Tolerance, Heidelberg 2013



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

Definition of abbreviations: BC = base camp; CI = confidence interval; HCR: = cardiac response to hypoxia during exercise; HCR: = cardiac response to hypoyaa duning rest; HYRe =
ventilatory response to hypoxia during exerase; HVR: = ventilatory response to hypoxia duning rest; OR = odds ratio; ref = reference value; ASae. = change in artenal oeygen
saturation duning exercise; ASa; = change in artenal oxygen saturation during rest.

Data represent number of patients {n, %), mean (SD), and median and interquartile range (for hypoac test parameters) as appropnate.

*Pearson y” test or Fisher test as appropriate for qualitative variables; Student ¢ test or Wilcoxon-Mann-Whitney test for quantitative variables.

e — —— 0
Univanate ogistic regression.

High Altitude
Tolerance,
Heidelberg
2013
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Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

TABLE 3. COMPARISON BETWEEN C-5TATISTICS OF MULTIVARIABLE MODELS PREDICTING SEVERE
HIGH-ALTITUDE ILLNESS

Mo ACZ Use (n = 917) ACZ Use (n = 409)

C-statistic* P value C-statistic* P value'

Model 1 (M1): Multvanable model adjusted for
previous history of altitude illness, rapid ascent,
physical activity, age, sex, history of migraine,

and location

M2 = M1 + HCRe 0.824 0.01 0.718 0.43

M3 = M1 + AS5ae 0.851 =0.001 0.749 0.02
M4 = M1 + HVRe 0.865 =0.001 0.766 0.008

_ 0.005; M5
M5 = M1 + HVRe and ASa. 0.879 =0.001  0.785 vs. M4, 0.55

<0.001; M& 0.004; M&
vs, M5, 0.16 0.770 vs., M4, 0.53

0.806 Reference 0.722 Reference

M& = M1 + HVRe, ASas, and HCR. 0.883

Definition of abbreviations: ACZ = acetazolamide; HCRe = cardiac response to hypoxia during exercise;
HVRe = ventilatory response to hypoxia during exercise; ASae: = change in arterial oxygen desaturation
during exercise.

"C-statistic indexes were derived from logistic regression model.

*Cumpariscun of C-statistics of M2, M3, M4, and M5 versus M1 was done by Delong test.



Prediction of susceptibility to high alltitude iliness Jean-paul Richalet, Paris, France
Predpovéd nachylnosti ke vzniku vyskové nemoci

ZAVERY
1. Nachylnost k tézké AHN, VOP a VOM je individualni
2. Rozhoduijici je rychlost vystupu resp. aklimatizace
3. Hypoxicka ventilacni reakce v klidu nema pro predpovéd vyznam
4. Hodnoceni HVR pri zatézi umoznuje urcit individualni rizikovy faktor

5. Vysetreni v hypoxii pri submaximalni zatezi lze i ve vyssim véku

6. Udrzeni pravidelné fyzické aktivity u zen v menopauze umozni
zachovani této vyhody

High Altitude Tolerance, Heidelberg 2013



Genetics of Tolerance to High Altitude:

Lessons from familial pulmonary hypertension
Ekkehard Griinig.Heidelberg, Germany

Genetické aspekty tolerance velke vysky:
Poznatky o familiarni plicni hypertenzi

= Abt-Letterer—Siwe disease Is an old

# % name for Langerhans cell histiocytosis
(LCH), from a time where LCH was
thought to be several different diseases

High Altitude Tolerance, Heidelberg 2013



Ekkehard Griinig.Heidelberg, Germany
Geneticke aspekty tolerance velké vysky. poznatky o familiarni plicni hypertenzi

Kasuistika histiocytozy

Diagnoza v 6 mésicich-3 letech,
remise po 3 chemoterapiich

Ve 25 letech HAPE ve 2400 m

a ve 28 letech ve 2800 m.

V 35 letech dg. plicni hypertenze,
PAP 28 mmHg, sildenafil

ADbt-Letterer—Siwe disease is an old name for
Langerhans cell histiocytosis (LCH), from a time
where LCH was thought to be several different
diseases

Systolicky tlak v plicnici (PAP, PASP):
Normoxie

V klidu 25 mmHg
125W 95 mmHg
Normobaricka hypoxie FIO2 12%
30. min prfi 74% Sa02 50 mmHg
90. min pri 65% Sa02 60 mmHg

High Altitude Tolerance, Heidelberg 2013
Corvinus C. et al., Eur Resp J 36, 2010, 5: 1212-4



Ekkehard Griinig.Heidelberg, Germany
Genetické aspekty tolerance velké vysky:. poznatky o familiarni plicni hypertenzi

Hypotéza: geneticka souvislost mezi predispozici k VOP a plicni hypertenzi

Primarni plicni hypertenze (PPH) je vzacné

Podkl:‘;\’dem vzn‘!ku PPH je a nevylécitelné onemocnéni plicnich cév
pravdepodobné dysfunkce endotelu charakterizované tézkou prekapilarni plicni hypertenzi.
plicnich cev u jedince s rizikovym Etiologie choroby neni dosud jednoznaéné objasnéna,

genotypem. Pro dysfunkcni endotel je  nepochybné viak dulezitou roli hraje interakce faktor

typicka nadprodukce vazokonstrikénich genetickych a faktorti zevniho prostfedi. Prognoéza
a rustovych faktor( a snizena produkce onemocneéni je zavazna, lécba svizelna a navic velmi
vazodilataénich a antiprolifera¢nich financné narocna. Nekteré nové lécebné postupy PPH

faktor(. Disledkem této nerovnovahy Jsou jiz dostupne take v Ceské republice.

je nejdrive vazokonstrikce a pozdeji PPH se vyskytuje v populaci s ro¢ni incidenci 1-2 pripady na
remodelace plicnich cev. 1 milién obyvatel, ¢astéji jsou postizeny Zzeny nez muzi (1,7 :1).
Pridmérny vék nemocnych je 35-40 let. Pfiblizné 6 % pripad(
onemocneéni je familiarnich, ostatni pripady se oznacuji jako
sporadické.

Autozomalné dominantni s neuplnou penetranci.
Gen BMPR2 odpovédny za toto onemocnéni byl

lokalizovan na dlouhé raménko 2. chromozomu
High Altitude Tolerance, Heidelberg 2013

http://zdravi.e15.cz/clanek/priloha-lekarske-listy/primarni-plicni-hypertenze-148956
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Genetické aspekty tolerance velké vysky. poznatky o familidrni plicni hypertenzi

Athletes have higher PASP-values
during exercise than non-athletes

A\ Athletes n=26, mean age 20 yr
] Non-athietes n=14, mean age: 18yr I

R

— HAPE-Susceptibles

m,,;: Controls mma;:

- “

“ T ‘o .y

sof z- 5 p<i).00]

0 20

= | )

o o 10 128 Watt

Bossone E, et al. JACC 1988:33:1552% High Altitude Tolerance, Heidelberg 2013
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Genetické aspekty tolerance velké vysky. poznatky o familidrni plicni hypertenzi

Primarni plicni hypertenze (PPH)

Primary pulmonary hypertension
(PPH) is an autosomal dominant
disorder with an estimated incidence

of about one to two cases per million.

The disease Is characterized by
Increased resistance of precapillary
pulmonary arteries and leads to
sustained elevation of pulmonary
arterial pressure (mean pressure 25
mm Hg at rest or 30 mm Hg during
exercise)..

Disposice k PPH

l::/ ZH_:.»: }kvj/l /,w A At {)'_JM-U 5501 '}‘ U = :

High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysky. poznatky o familidarni plicni’ hypertenzi

Stress Doppler Echocardiography in Relatives of Patients All-enrolled set Stressechocardiography Allenrollec-sat Hypoxiay
: : : s ] Controls Relatives Controls Relatives
With Idiopathic and Familial Pulmonary Arterial n=9224 n=344 n =126 n =146
Hypertension: : Results of a Multicenter European Analysis of ‘ * * ‘
Arterial Artery Pressure Response to Exercise and Hypoxia Excluded Excluded Excluded Excluded
RS : i oIS : Controls Ralatives Controls Relatives
Ekkehard Griinig, Sylvia Weissmann, Nicola Ehlken, Anna Fijalkowska, Christine Fischer, n= 33 (14.7%) n =53 (154%) n =13 (10.3%) n= 15 {10.2%)
Thierry Fourme, Nazzareno Galié, Ardeschir Ghofrani, Rachel E. Harrison, Sandrine Huez,
Marc Humbert, Bart Janssen. Jaroslaw Kober, Rolf Koehler, Rajiv D. Machado, Derliz Mereles, § poor TR-Profiles: 27 poor TR-profile: 44 norecording: 1  no recording: 1
Robert Naetje, Horst Olschewski, Steeve Provencher, Frank Reichenberger, Kathleen Norocordings: 1  Norocordings: 2 inadoequate inadequato
Retailleau, Guido Rocchi, Gérald Simonneau, Adam Torbicki, Richard Trembath and Werner J Otherdisease: 5  Other disease: 7 hypoxia: 4  hypoxia: 5
Seeger (systemic hypertension  (systemic hypertension poor profile: 8  poorprofile: 9
n=25) n=4, suspected left
Circulation. 2009;119:1747-1757; originally l heAf dieas.N59)
published online March 23, 2009 ‘ J’ ‘
doi: 10.1161/CIRCULATIONAHA.108.800938 Per-protocol-set Stress-Echocardiography Per-protacol-set (Hypoxia)
. . e Control Subjects Relatives Control Subjects Relatives
Copyright © 2009 American Heart Association, n=191 n = 291 n=113 n =131
Inc. All rights reserved. Total: n = 482 Total: n = 244

High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysKky. poznatky o familidarni plicni hypertenzi

All-enrolled-set Stressechocardiography All-enrolled-set Hypoxia
Controls Relatives Controls Relatives
n= 224 n=344 n=126 n =146

¥ v 4 ¥

Excluded Excluded Excluded Exciuded
Controls Ralatives Controls Reolatives

n= 33 (14.7%) n =53 (154%) n=13(10.3%) n= 15 (10.2%)

poor TR-Proflles: 27 poor TR-proflle: 44 no recording: 1 no recording: 1
No rocordings: i No recordings: 2 inadaquateo inadequato

Other disease: 5 Other disease: 7 hypoxia: 4 hypoxia: 5
(systemic hypertension  (systemic hypertension poor profilez: 8 poor profilez 9
n=25) n=4, suspected left

heart disease n=3 )

! l } )

Per-protocol-set Stress-Echocardiography Per-protocol-set (Hypoxia)
Control Subjects Relatives Control Subjects Relatives

n=191 n= 291 n=113 n=131
Total: n = 482 Total: n = 244
Circulation. 2009;119:1747-1757; originally published online March 23, 2009. doi: 10.1161/CIRCULATIONAHA.108.800938.
Copyright © 2009 American Heart Association, Inc. All rights reserved. High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysky. poznatky o familidarni plicni hypertenzi

122 Index patients

13 without clinical or 109 with clinical and genetic data
genetic data of relatives of relatives

il b

35 index patients 74 index patients
with BMPR lI- without BMPR lI-
Mutation Mutation

/ 1 15 relat}es with no 1
genetic testing 7 NR/ 8HR
Gr. A: 16 relatives Gr. B: 63 relatives Gr. C: 197 relatives

with BMPR lI- without BMPR II- without BMPR II-
Mutation Mutation Mutation

8 HR 8 NR 18 HR 45 NR 59 HR 138 NR
50.0% 50.0% 28.6% 71.4% 29.9% 70.1%

A vs. B p:O’Olg’ A vs. B+C p=0’003 High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysky. poznatky o familidarni plicni hypertenzi

Nova hypotéza pro patogenezi plicni hypertenze

Gen/y zptlisobujici prehnanou
hypoxickou plicni hypertonickou
odpovéd (BMPR2-polymorfismus?):
10% populace

Reverzibilni plicni hypertenze
Vyskovy otok plic

-+

Manifestni plicni hypertenze

BMPR2
mutace

dalsi
rizikové
faktory

High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysky. poznatky o familidarni plicni hypertenzi

ZAVERY
1. Mutace genu BMPR2, ALK1 nebo Endoglin jsou v 80% pritomny

u hereditarni plicni arterialni hypertenze a v 15-20% u idiopatické
plicni arterialni hypertenze

2. Prehnana reakce systolického tlaku v plicni tepné (PASP)
na hypoxii a zatéz je spolecny fenotyp osob nachylnych ke vzniku
VOP a ¢leniim rodin s plicni hypertenzi — nositeli mutace BMPR2,
ktera je rizikovym faktorem pro manifestaci vyskového otoku plic.

3. Genetické studie u VOP mohou pomoci ke zjisténi dalsich
mEChanlsmu Vznlku pllcnl hypertenze High Altitude Tolerance, Heidelberg 2013
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Geneticke aspekty tolerance velké vysky. poznatky o familidarni plicni hypertenzi

Many Thanks to Peter Bartsch

For successful scientific
cooperation over many years

Exciting lectures and training
by a brilliant scientist

For great tours and
friendship

High
Altitude
Tolerance,
Heidelberg
2013



High Altitude Tolerance: Lessons from Tibet
Max Gassmann, Ziirich, Switzerland

Poznatky a pouceni z Tibetu
@88 University of sl |
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High Altitude Tolerance: Lessons from Tibet max Gassmann, Ziirich, Switzerland
Poznatky a pouceni z Tibetu

Savci zijici ve velké
vysce nezvysuji
svou transportni
kapacitu pro kyslik

Lama, jak — jen mirné zvyseni hematokritu
Zda se, ze podstatou adaptace je:

1. vysoka afinita Hb ke kysliku,

2. zvyseni ventilace,

| 3. anatomicka adaptace hrudniku.

Vytrvalci zvladaji
Hematokrit, Hb chronicky vysoky

Viskozita krve hematokrit...
Chronicka horskda nemoc  Casta Témér neexistuje ... a vitezi!

High Altitude
Tolerance,
Heidelberg
2013



High Altitude Tolerance: Lessons from Tibet max Gassmann, Ziirich, Switzerland
Poznatky a pouceni z Tibetu

Jaky je optimalni hematokrit pro maximalni vykon? 0,57 — 0,68
Ovalny tvar erytrocytu lamy — nizsi viskozita krve

Krvetvorba a vykon ve velké vysce

1. V niziné je hematokrit ¢lovéka a savcu
dostatecné pod urovni VO2max, takze

2. skutecna krevni viskozita je udrzovana nizko
a snizuje kardiovaskularni riziko.
3. Prizatézi — konég, psi a jini savci mohou
prechodné zvysit hematokrit kontrakci sleziny.
4. Tibetané a vysokohorsti savci nezvysuiji

hematokrit. Ale Aymarové a KeCuové a savci
Z nizin reaguji na velkou vysku zvysenou

[ ] () o
© wnw o
Hemoglobin (gnydL)
Enythrcpactin i)

—
h

LAN Tibetan Andean Andean

tvorbou Cervenych krvinek. with CMS
12} altitude

High Altitude Tolerance, Heidelberg 2013



High Altitude Tolerance: Lessons from Tibet max Gassmann, Ziirich, Switzerland

Poznatky a pouceni z Tibetu

Tibetané nezvysuji hematokrit
- Ziji az do 4000 m po 25 000 let a hematologickym I eIy
profilem se nelisi od obyvatell nizin
- Chronicka horska nemoc je vzacna.
Obyvatelé And jsou geologicky mnohem mladsi

nez obyvatelé Himal3aje.

- Zavér: pro Tibetany vybrala evoluce oslabenou
odpoved krvetvorby na hypouxii.

— EGLN1 encoding PHD2 that
negatively regulates the a-
subunits of HIF in an oxygen-
dependent manner

PPARA encoding PPARa
(nuclear peroxisome
proliferator-activated receptor
alpha) that regulates fatty
acid metabolism (and is itself

regulated by HIF-1)
— EPAST encoding HIF-2a

High Altitude Tolerance, Heidelberg 2013

Adaptation in Tibet

Tatum S. Simenson,' Yingihong Yang.”* Chad D. Weft,* Mairls Yun,'* Ga Qia,’*
David |. Withenigoon. Dhenzhong Bai,* Felipe K. Lorenzs,’ Jischuan Xing,*
Lynn 8. Jorde.' Joset T. Prehal ™'y Rits Go™*y

Sequencing of 50 Human Exomes Science, 2010

Reveals Adaptation to High Altitude

im YU vy Lang  Enila Muerta-Sancher. ™ Xin Jin, " 200 Xi Pieg Con, ' Jobn £. Poat '™
Xem X' M Jlang * Wicslas Vieckenbouh* Therfion Sand Kometiussen,” Kancheng Dieng**

Guu'un-"u‘v-q"u"
Sengpang L1 Muanming Yang,' Ravren Neben, 't Jon fiang. "'t Jon Vang't

PNAS, 2010

Natural selection on EPAST (HIF2a) associqted with
low hemoglobin concentration in Tibetan highlanders

Selekce genu HIF-2a (EPAS-1)
— nizky hematokrit TibetanU



High Altitude Tolerance: Lessons from Tibet max Gassmann, Ziirich, Switzerland
Poznatky a pouceni z Tibetu

"Humans are sea-level design’

Carlos Monge Cassinelli

 Témeér vsichni lidé (a savci) jsou dimenzovani
k zivotu v nizSi nadmorské vysce, pak

e erytropoetinova regulace krvetvorby v hypoxii
cestou HIF-2 je primarnim mechanismem
v hormoxii (homeostaza, napr. po ztraté krve)

e acirou nahodou (?) je tato reakce evoluci vyuzita
pri (nechténé) expozici vyskové hypoxii.

* Je mozné, ze tvorba EPO v zavislosti na O2 nebyla

e tihde Taletnen HET A O puvodneé urcena jako erytrocytoticky faktor......



High Altitude Tolerance: Lessons from Tibet max Gassmann, Ziirich, Switzerland
Poznatky a pouceni z Tibetu

Neuroprotection of grasshopper neurons bei rhEpo [LAAL kce erytropoetinu
rhEpo=rekombinantni exogenni EPO

* Multifunkéni troficky / regulacni faktor

hypoxia tolerance . ' i
m'm":‘*’" ol * Neurotroficky / neuroprotektivni tcinek
— g CNS
rh Epo 4
— 148 * Ochrana pred apoptozou mozkovych
+ .’.' ! 0y v .o ’ v o o
axonal regeneraton : . | bunék (jinych nez neuronu) v dusledku
functional regenerabon ' .
hypoxie
o * Angiogeneze po srdecnim infarktu prasat

e Zachrana gangliovych bunék sitnice pfri
glaukomu
e Zvyseni hypoxické ventilacni reakce

High Altitude Tolerance, Heidelberg 2013
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Epigenetics and high altitude tolerance
Urs Scherrer, Bern , Switzerland

Epigenetika a tolerance velke vysky

Epigenetics and high altitude Epigenetika i . y
tolerance (podobor genetiky) ktery studuje zmeény

v genoveé expresi (a tedy obvykle

i ve fenotypu), které nejsou zpusobeny
zménou nukleotidové sekvence DNA.
Jde o vyjimku z obecného pravidla,

ze dedicné fenotypické zmeny jsou
zpusobeny zménami v genech. Také
epigenetické jevy mohou byt dedény

z bunky na bunku a z generace na generaci.

High Altitude Tolerance, Heidelberg 2013



Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

3 nové rizikove faktory hypoxické plicni hypertenze

 Prechodna porodni hypoxie

* Preeklam psie Sympathetic nerve activity Epigenetics and pulmona
at high aititude artery pressure regulation?t
. Umele OpIOdner“ high altitude

HAPE resistant subject

MSNA' At Lobou)

Podkladem cévni poruchy

je epigenetickyl mechanismus I‘"MPEsusccpliblesubject
MSNA Ll s

FQ. o FQ, 014

High Altitude Tolerance, Heidelberg 2013



Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

Organisms exposed to hypoxia trigger changes at both cellular and systemic levels
to recover oxygen homeostasis. Most of these processes are mediated by
Hypoxia Inducible Factors, HIFs, a family of transcription factors that directly
induce the expression of several hundred genes in mammalian cells. Although
different aspects of HIF regulation are well known, it is still unclear by which
precise mechanism HIFs activate transcription of their target genes.
Concomitantly, hypoxia provokes a dramatic decrease of general transcription
that seems to rely in part on epigenetic changes through a poorly understood
mechanism. In this review we discuss the current knowledge on chromatin
changes involved in HIF dependent gene activation, as well as on other epigenetic

changes, not necessarily linked to HIF that take place under hypoxic conditions.
Int. J. Mol. Sci. 2011, 12(7), 4705-4721

phenotypic effect of interactions between genes and the environment.
High Altitude Tolerance, Heidelberg 2013
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Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
= 3 Epigenetika a tolerance velké vysky

Defekt v syntéze NO - VOP

1 muskularizace prekapilarnich - ——
tepen a jejich zanik
Ztlusteni velkych plicnich tepen
- 1996 Mar 7; Proliferace intimy s okluzi
¥4 334(10):624-9 e o

and SMCs

Swelling of ECs
Fragmented elastin

Acquired Genetic
(Perinatal PHT) (HAPE susceptibility)

2 o 8 ‘:V,_)‘/“:/ /)
: S | = Y
I n h a I a Ce N O (40 p p m’ 1 5 m I n ) / ;":;:iz: p?esg‘a(;)ilIsalrpya rteries
U . SCherl’el’ et - Neointima lormatior:\

Inflammatory cell

e J PASP u HAPEs (nachylnych k VOP) al./ Progress in  afeciiaitBEvmiesis
(25.9+/-8.9 vs. 8.7+/-4.8 mm Hg, K=l EE NS
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KYSLICNIK DUSNATY A DYCHACI SYSTEM

Nitric oxide and the respiratory system

G. Himashree®, Deepak Dass, P. K. Banerjee and W. Selvamurthy

Defence Institute of Physiology and Allied Sciences, Defence Research and Development Organization, Lucknow Road, Timarpur,

Delhi 110 054, India

Nitric oxide (NO) is a significant biologically active
molecule; its role in controlling cellular and organ
functions, especially the respiratory, cardiovascular,
nervous and immune system, has been well estab-
lished. In the respiratory system, this molecule is
responsible for maintaining pulmonary vascular inte-
grity. It improves arterial oxygenation, which may be
associated with its action on the distribution of blood
flow in the lungs. This property is the basis for inha-
led nitric oxide (INQO) being employed in the treatment
of high altitude pulmonary edema (HAPE), acute res-
piratory distress syndrome and persistent pulmonary
hypertension of the newborn. The combined use of NO
and oxygen has cumulative effect on the pulmonary
haemodynamics and gas exchange. Soldiers of the

CURRENT SCIENCE, VOL. 85, NO. 5, 10 SEPTEMBER 2003

Indian army deployed at high altitude are prone to
develop acute mountain sickness and HAPE. Inhala-
tion of NO is preferred for the treatment of these
patients. Clinical application of INO has been frequen-
tly tempered by difficulties in safe and accurate INO
delivery. NO inhalation has a number of short-term
and long-term conflicting effects, and is still at the
experimental stage. The fundamental outline of a
delivery system should be able to provide for safe gas
delivery and accurate gas analysis or monitoring.
Clinical interest in the identification of exhaled nitric
oxide (ENO) as a marKker of diseases is mounting,
notably with reference to inflammatory airway dis-
eases. Further studies and standardization of ENO
testing are needed to turn these findings into a relia-
ble diagnostic tool.



Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

Genetic impairment of the transepithelial
sodium transport
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Epigenetika a tolerance velké vysky

Molekularni patogeneze plicni hypertenze

Inflammation/infaction

Hiv
Schislosomiass
Sclermderma
Criher connective
Liszpe dizease

Factors

Elastase
Treg deficigncy

Gengtic predisposition

Futations’polymorphisms
Easinophils BMFHZ
htact cells Smadd
Fibrocylas Ak

Tertiary lymph tissue En 1ir
Complement CYP1B1

TGF-p1
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¢ Epigenalic changas

=002 mathylatian
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~nilgl—~

Serctonergic
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J Clin Invest. 2012; 122(12):4306-4313

Choygen and NO delivery

Glycoly=sis (Warburg)
Dxidatve and ER stress
Reduced Ky channels
Increased TREP channals
[nsulin recislance
Uniolded protein rasponse
Mitochomndrial
hyperpolarizaton
Allered estrogen
melabalism
Impaired autophagy
Ingreased HIF-10 ar HIF-20e




Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

Nachylnost k VOP
achyinost O Transient perinatal hypoxia leaves a persistent
imprint in the pulmonary circulation that
predisposes to a pathological response later in life
Vascular endothelial
pregas Sympathetic
o (o) |Rme s

n—-u.auu-
1092034

Schamer of o, NES WIRTMENS
Duphain & CRCamted
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Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

' Plicni hypertenze
novy rizikovy faktor VOP? p reekl am p SIE 'S * P<0.001
Preeclampsia %’_ 4 N
o0

2 T
s 100 - Diseased Placenta & 3
w 8 £
(a W wfd
s z2
S| oS S
e 2"
.8 ‘% ALl
S Preeklampsie kontroly

| Epigenetic mechanism?
(n=4) (n=4) Earty embryonal Late fetal

Preeklampsie\ bez preeklampsie

Generalizovana cévni dysfunkce jako nasledek
preeklampsie (hypertenze+proteinurie+otoky vyvolané téhotenstvim)

Hypoxicka plicni hypertenze jiz v mladém veku
Zvysené riziko cévni mozkové prihody v dospélosti
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Epigenetics and high altitude tolerance urs scherrer, Bern , Switzerland
Epigenetika a tolerance velké vysky

Hypoxicka plicni hypertenze je zduraznéna u déti pocatych umélym oplodnénim
(ART) - endotelialni dysfunkce (vztah k procedure,
nikoli k rodicovskym faktorim) epigenetickym mechanismem,
- vetsi tvrdost (tuhost) céy,

- ztlusténi intimy a medie karotid
High Altitude Tolerance, Heidelberg 2013
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Children at High Altitude

Susi Kriemler, Basel, Switzerland

Deti ve velke vysce
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* *linear increase with 60
higher variability in
children 7 5°
The literature shows %
what you want; kids are 8 30
more, less orequally £ 20
affected by AMS... g

Generally small
numbers, mostly without

comparison to adults

Adults: Combined studies from Hacket. Houst
Children: Yaron, Wu 24, Moraga 02, Pradhan

AMS prevalence in children

&

¢ adults
‘@mchildren;

cn. Larsson, Maggionni. Montgomery, Yp
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Children at high Altitude susi Kriemler, Basel, Switzerland

AHN Deti ve velke vysce

Znamé faktory Hypotetické faktory AHN u déti
 Dosazena vyska %
* Rychlost vystupu - /\/\/"\'\
* Preaklimatizace | / T
* Individualni vnimavost AR
 Hyperventilacni :

reakce —é’?‘- DIFFERENT.

High Altitude Tolerance, Heidelberg 2013
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Hypotetické faktory AHN u det
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PERCEPTION?




Lake Louise score

Monchsjoch hut: |
3650 m

Research station:
3450 m

AMS prevalence

| Aamong generations
Ochildren atday 1 and atany time
Badolescents
Hadults

Lake Louise score

Wricenlar

HA1

87 children
70 adolescents o
155 adults T
Jungfraujoch ot all’
3| Research 3
2 h train ride Station 45min walk
2005 o5
2007 2
2009 2007
T AMS AMS
AMS 6-8hatHA | |20-24hatHA
(subpop) .
AMS prevalence AMS symptoms
| Improvement [' | ’
of AMS In all, ess sleep disturbance
50 l but less In children \
o children & Ochildren Qadolescents Baduits
. B adolescents z 100 —f—— el =
40 Badultx g
RIS 2
g 3 \ & g
- 25 *k A .:-
£ [
g iy 2 3 : day1 day2 day1 day2 dayl day2 day1 day2 dayl day2
- “ - . .
1:- i headache = Glsymptems | fatigue dizziness s s;l:::m :
v ‘ HR2 at any time Kriemier [;me improvement of single symptoms over “mil Kriemler




Children at high Altitude susi Kriemler, Basel, Switzerland

different questionnaires for kids?

adapted LL-Score ESQ C-Score

Ifeel lightheaded
| have a headache
| feel dizzy
My vision is dim
My vision is dim
et als nur en besschen Koptweh 2 My coordinationiisoff.
| feel weak
ganz schiimmes Koptweh | feel sick to my stomach
| have lost my appetita:

— e ——

NO, but they like it....

NO, they don't understand it.... = :g e B
4 @l

Kriamlar submitted

Standardized eating a challenge...

Déti ve velké vysce

Priciny jiné prevalence AHN 1. den ve vysce

* Rozdil v rychlosti dechové aklimatizace

e Rozdil ve vhimani bolesti

- vySSi ve vysce, u déti s AHN, nejsou data
- nalezy nevysvetlily mezigeneracni rozdily

- zfrejmé pomalejsi, ale bez vztahu k AHN
- nalezy nevysvétlily mezigeneracni rozdily

d . Rozdilna rychlost hromadeéni tekutiny v mozku

- zadné hromadeéni tekutiny u déti a dospéelych
- nalezy nevysvetlily mezigeneracni rozdily

v~ =~ ¢ Rozdil v rychlosti kardiovaskularni aklimatizace?

o v h o | ) ' C. % / .
-2 | " o s < I
g o i o . AL L
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* Jiné? Méne periodické dychani a lepsi spanek

mohlo by z€asti vysveétlit rozdil ve vyskytu AHN



Children at high Altitude susi Kriemler, Basel, Switzerland
Déti ve velké vysce

Priciny mensiho vyskytu poruch spanku u deti?

Time spent with periodic breathing

E Childrenshow!essperlodlc Odlisne chovani

breathing
* Children showed a lower d fVZ 10 I Og I €

apnea threashold for CO2

l

Jiné vnimani
Vice unavené pri relativné
vyssSich pozadavcich

% of childven / adulls

l'mospemmmpomdbcbrwm(% of night-lime)
Kohler&Krnemler Eur Respir J High Altitude Tolerance, Heidelberg 2013



Children at high Altitude susi Kriemler, Basel, Switzerland
Déti ve velké vysce

ZAVERY
Déti maji mensi sklon k AHN
1. den v 3500 m
zcasti vysvetlované mensim
vyskytem bolesti
hlavy a poruch spanku.

Obecné je prubéh AHN u déti &80 & - o AMS=0 for all
lehky, maximalne stredne tezkyf, ' | CCEERL  e e
a casem se lepsi. ™y

thanks...

High Altitude Tolerance, Heidelberg 2013
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High altitude tolerance of cardiac patients simon Gibbs. London, UK

Tolerance velké vysky u kardiakd
SF, Sa02, MV

(SAM-RAM)
; I Compensation of 0, uptake /
transport
1 0, uptake (pulmonary diseases)
J 0, transport (CV diseases, anaemia)
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High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

a rapid ascent and submaximal exercise can be considered safe at an altitude of 3454 m for
low risk patients six months after revascularisation for an acute coronary event and a normal

exercise stress test at low altitude.
(Schmid JP et al Heart. 2006 Jul;92(7):921-5)

studies on selected patients have shown that exposure and exercise at altitudes of 3000 to
3500 m is generally safe for patients with stable CHD and sufficient work capacity. During the
first days at altitude, patients with stable angina may develop symptoms of myocardial ischemia
at slightly lower heart rate x blood-pressure products. Adverse cardiac events, however, such
as unstable angina coronary syndromes, do not occur more frequently compared with sea level
except for those who are unaccustomed to exercise. Therefore, training should start before
going to altitude, and the altitude-related decrease in exercise capacity should be considered.
Travel to 3500 m should be avoided unless patients have stable disease, preserved left
ventricular function without residual capacity, and above-normal exercise capacity. CHD
patients should avoid travel to elevations above 4500 m owing to severe hypoxia at these
altitudes High Alt Med Biol. 2010 Fall;11(3):183-8 (Dehnert, Bartsch)

High Altitude Tolerance, Heidelberg 2013



http://www.ncbi.nlm.nih.gov/pubmed/16339809
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High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Pokles pracovni kapacity Change in exercise capacity (% reduction per 1000 m altitude) in

rv healthy subjects as compared to patients with different severity of
(J)

7% na 1000 m vysky heart failure (HF). (Adapted from [16]: Agostoni P, Cattadori G, Guazzi
u zdravah osob M, et al. Effects of simulated altitude-induced hypoxia on exercise
o I capacity in patients with chronic heart failure. Am J Med.

a srdecniho selhani 2000;109:450-5. © Elsevier, reprint with kind permission.
NYHA uasifikace Healthy  HF, NYHAT HF, NYHA Il HF, NYHA I
v V 4 ’ s Oﬂu"r;]
tolerance zvysené namahy E S0,
bez potizi © %-
vyjde bez zastaveni 2-3 patra S _go,- J
i
dusnost pri vetsi namaze ; _ 894
o
lIl. dusnost pfi béZné ¢innosti, 5 —10%+
ol e o =
chiizi po roviné, do 1. patra s T12%A
. 2 ¥ = —14% -
IV. klidova dusnost &
c —16% -
NEW YORK HEART ASSOCIATION S -189%-

http://www.cardiovascmed.ch/docs/2012/2012-02/2012-02-005.PDF
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Algorithm if patients with cardiovascular diseases travel to high altitudes. (Adapted from [18]: Higgins JP, Tuttle T, Higgins JA. Altitude and
the heart: is going high safe for your cardiac patient? Am Heart J. 2010;159:25-32. © Elsevier, reprint with kind permission.

Coronary artery disease, heart failure,
arrhythmias, or congenital heart disease?

Acute or recently (<1 month)
diagnosed condition?

Congenital 'He_art_c!isease
OHD with significant

Delay exposure shunting or hypoxia?

to high altitude
(until 1 month stable)

L Recent evaluation
Avoid high showed stable

altitude condition?
(or only with O,) '

http://www.cardiovascmed.ch/docs/2012/2012-02/2012-02-005.PDF

Follow general recommendations
— Gradual ascent (300 m/day)
— Limit intense activity on first days

— Maintain hydration
— If symptoms occur, consider return

to low altitude

STABLE
/

Clinical evaluation
(e.qg. stress test, echo)




Safe altitude if no
or little symptoms

Limited exposure
to max. 2000 m

Limited exposure
to max. 1500 m
Specific
recommendations

Level of evidence

Further
recommendations

High
Altitude
Tolerance,
Heidelberg
2013

Coronary artery
disease

3500 m
CCS 3-
CCS 23+

No exposure first 2 weeks
after MI, PCl, 3 weeks CABG,
6 weeks complicated Ml

Small studies

Heart failure Arrhythmias
3000 m 3500 m
NYHA 3- —

NYHA >3+ —

Cautious use of diuretics
(hypokalaemia, dehydration)

Small studies Case reports

Pulmonary
hypertension (PH)
2000 m

Moderate PH

NYHA =3 or
severe PH

Small studies

Be prepared (carry sufficient medication, moderate degree of physical conditioning, information about
altitude/circumstances/routes etc.)

Well controlled blood pressure

Exercise capacity of >6 METs to be safe

Consider concomitant disease affecting ventilation or gas exchange

Ascend slowly (increase in sleeping altitude i.e. 300-350 m / day above 2000-2500 m)

Medication should be taken as prescribed at low altitude (apart from adaptation of diuretics);
no need to adapt pacemakers (effects on ICDs currently unknown)

Patients should be informed that they may become symptomatic at lower workloads

Alcohol consumption should be minimised, no smoking  Cardiovascular Medicine 2012:15(2):41-47



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Longer transportation times and increased risk of injury (cave triple antithrombotic therapy) must be taken
into account (as applicable)

Intracardiac Conditions may worsen due to increase in pulmonary pressure; exposure to high altitude not recommended
shunting (seek special advice)

HAPE susceptibles Slow ascent

If rapid ascent is planned, prophylactic use of calcium antagonist / phosphodiesterase-5 inhibitor
(ev. steroids)

Plans for rapid descent and oxygen administration

Cardiovascular Medicine 2014;15(2):41-47

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Léceni ICHS

Klinické vysetreni vCetné zatézového testu

Pri anginé pectoris (AP) zadny trekking ani lezeni

Vystup muze vyvolat zhorseni AP a akutni prihodu v prvnim tydnu
- aklimatizovat se, omezit zatez, lehka jidla
- zména medikace

Pri zhorseni AP
klid na luzku, kyslik, sestup

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

ICHS
Lze jit do 3000-3500 m jestlize

Nejsou priznaky, nebo jsou mirné,
stabilni, na urovni ocekavané zatéze
ve vysce

Zatezovy test je negativni anebo
ischemicky prah je > 6 met

Nejsou vyznamné poruchy srdecniho
rytmu ani srdecniho selhani

Krevni tlak je dobre kontrolovan

Nejsou poruchy ventilace ani vymeny
plynu

High Altitude Tolerance, Heidelberg 2013

Nové vypuknuti anginy
pectoris

Nestabilni nebo tezkeé priznaky
Objektivni znamky ischemie
pri zatézovém testu na nizkych
stupnich zateze

Indikovana revaskularizace
Akutni koronarni syndromy
Nekontrolovana hypertenze
Nekontrolované arytmie



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiaki

Effects of Altitude on Peak Oxygen Effects of Altitude on Work Rate In
Consumption in Patients With Heart Failure  PtIONtS With Heart Failure
% Change from peak VO2 at se3 leved % Change from work rate ot 504 level

o
5
10

= Normal sobjects = WerTr ¥y bty

- HF: V02 >20 mifkgimin = {F; YOI >80 mikp'min
== HF: VO2 15 - 20 migimin j = W VOR 155 10 mngmin
> HF: V02 <15 miflsgmin
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High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd '

Exercise Limiting Activities at Altitude
in Heart Failure PN
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High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Chronickeé srdecni selhani
Kdo by nemel vystupovat do velké vysky?

* NYHA klasifikace ll1/1V

* Retence tekutin

* Soucasna a nedavna dekompenzace / instabilita
* Nemoc neni lécena optimalne

* Plicni hypertenze

* Nekontrolovana porucha srdecniho rytmu

* Nekontrolovana systémova hypertenze

» Tezka chlopnova vada

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Poruchy srdecniho rytmu ve vyskach

 Cetnost predéasnych sifiovych
a komorovych staht je
u zdravych umeérna vysce

* Neni referovano o zvyseni
komplexniho forem do 2500 m

* Rozporna data o prodlouzeni
QT a vyznamu dlouhého QT
a o lécich prodluzujicich QT
(antiarytmika, antihistaminika

High Altitude Tolerance, Heidelberg 2013

Nejsou data o specifickych d.

Nestabilni arytmie nebo vysoky
stupen ektopie (Lown 4b: 3 a vice
nasledujicich KES) nepatri do vysky
Vystup do 2500 m: zvyseni rizika je
nepravdépodobné: pozor u ICHS
Kardiostimulatory jsou bezpecné

a prah komorového stimulace
se ve 4000 m nemeéni



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Plicni hypertenze

* Neprekrocit 1500-2000 m, u tézkych priznaku
je i toto prilis

* Riziko ma vztah k adaptaci pravé srdecni komory
a trikuspidalni regurgitaci

* Léky na plicni hypertenzi nemusi chranit pred
hypoxickou plicni vasokonstrikci

* ? riziko vyskového plicniho otoku

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Kongenitalni srdecni vady

Cyanoticke kongentitalni  pgerons e ac o Exposure to 2440 m in
srdecni vady Cyanotic Congenital Heart Disease

- riziko dehydratace Saturation %/ Torr
- plicni cévni onemocnéni '®
(pulmonary vascular disez ™ [T

{

Defekt sinového septa

Defekt komorového septa

Koarktace aorty
‘S Lavel Allitude
MM e e

Plicni atresie

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

Omezeny vyznam dukazu ke klinickému rozhodovani

* Onemocneéni srdce je nepredvidatelné

* Nejsou dostatecneé kvalitni studie

e Vétsina dat je z malych studii nebo kasuistik

* Nekdy nejsou data, jen zkusenost

* Pruvodni nemoci a vek

e Veétsina lidi, kteri jsou do vysky, jsou uz vybérem
* Klinické rozhodnuti musi byt individualni

High Altitude Tolerance, Heidelberg 2013
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Tolerance velké vysky u kardiakd

-

Unstable or
sgvere
symptoms /
disease

Heart disease | . \
Is - Ly Pulmonary
unpredictable! TE hypertension

/
/
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High altitude tolerance of cardiac patients simon Gibbs. London, UK
Tolerance velké vysky u kardiakd

TAKE HOME MESSAGE

* Vybrani pacienti se srdecnée cévnim
onemocnénim toleruji velkou vysku
bezpecné

 Dukazy o bezpecnosti jsou jen
do 3000-3500 m

 Ucinky akutni expozice jsou nepfiznivé,
s aklimatizaci se mohou zlepsit

High Altitude Tolerance, Heidelberg 2013



High altitude tolerance of pulmonary patients
Andy Luks, Seattle, USA

Tolerance velke vysky u plicnich onemocneéni

LOMmgT &

REVIEW

Travel to high altitude with pre-existing

lung disease

A.M. Luks* and E.R. Swenson”

ABSTRACT: The pathophysiology of high-altitude illnesses has been well studied in normal
individuals, but little is known about the risks of high-altitude travel in patients with pre-existing
lung disease. Although it would seem self-evident that any patient with lung disease might not
do well at high altitude, the type and severity of disease will determine the likelihood of difficulty
in a high-altitude environment| The present review examines whether these individuals are at
risk of developing one of the main forms of acute or chronic high-altitude illness and whether the
underlying lung disease itself will get worse at high elevations. Several groups of pulmonary
disorders are considered, including obstructive, restrictive, vascular, control of ventilation,
pleural and neuromuscular diseases. Attempts will be made to classify the risks faced by each of
these groups at high altitude and to provide recommendations regarding evaluation prior fo
high-altitude fravel, advice for or against taking such excursions, and effective prophylactic

High Altitude Tolerance, Heidelberg 2013 MOE3UNSS.
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ka s u i St i ka Tolerance velké vysky u plicnich onemocnéni

A Problem Recently

Posed To Erik Swenson

“A patient of mine with amyotropic lateral
sclerosis has proposed a trip to Macchu

Picchu. He has limited ventilatory capacity, a c
vital capacity that is 61% of predicted, and just

had a diaphragmatic pacemaker in1_pfanted.
They are planning for him to be camied ?Inng
the trail which will go over 4,176 m.

The Question: is this safe for the patient

and how can we mitigate the risk?

High Altitude Tolerance, Heidelberg 2013

( Will expected pulmonary

cause problems?

(¢ Wil hypobaric hypoxia

vascularresponses || worsen the underfying

disease process?
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COPD Patients Are At Risk  Supplemental Oxygen
For Severe Hypoxemla - Readily Corrects The Issue

rychle
Chronic Obstructive Pulmonary Disease Patients

. Study. - | Resting | Exercise | 100
Houston et | 4920m +
al. 1978 P,0,
Christensen| 2440 m 45+6 N lgl)]

et al. 2000 | (smuaed) 60
Seccombe + + 40

et al. 2004 — Sea Level Ambient Air Nasal Cannula
2440 m 2440m *
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Does The Hypoxemia
Matter?

Short-Term Longer
Exposures Exposures

Most studies show

either no to mild
symptoms |

Symptoms have little
correlation with level
of hypoxemia

High Altitude Tolerance, Heidelberg 2013
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Can the patient adequately raise J
his/her minute ventilation? TWO Possible Sources

The Hypoxic Ventilatory - Of |mpaired Ventilation
Response (HVR)

S0, (%) Mechanical Issues Impaired Hypoxic Drive
b e el Neuromuscular disorders Carotid artery surgery
] Obstructive lung disease Parkinson’s disease "

s Morbid obesity Myotonic dystrophy **

Ventilation 30-
(L/min) 2 5.0,
10 - P.O. Inability to raise minute ventilation
AT R
m TEE—— -
Wieoge 2 4(:’ 0, (mmHag) ( Increased (*::p:xr:fcrg:?‘]
P e S o =) . WI /
High Altitude Tolerance, Heidelberg 2013 h)'p(”(emla




High altitude tolerance of pulmonary patients Andy Luks, Seattle, USA
Tolerance velké vysky u plicnich onemocnéni

l Cérn*mepaﬁentadequately raise ]
his/her minute ventilation?
Carotid Endarterectomy

Patients May Have Trouble
Blood Gas Values Before/After Endarterectomy’

Pre-Surgery Post-Surgery **
160 m | 1600 m 1600 m

- RIS

High Altitude Tolerance, Heidelberg 2013
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Will the patientifave dif HPV And Pulmonary

to the expected puimona

vascular responses? "~ Hypertension Do Not Mix
The Expected Pulmonary

Vascular Response

_ SeriesiReport | R nary HTN_
Hackett et al. Absent right pulmonary artery
Torrington Granulomatous mediastinitis

Naeije et al. Anorexigen-induced
Nakagawa et al. [Pulmonary thromboembolism

High Altitude Tolerance, Heidelberg 2013
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Wil the patientihave diff Unanswered Questions

to the expected puimonary ; .
vascular responses? Regarding These Patients

The Morbidly Obese May '-
Also Be At Risk

High PA pressure at baseline due to chronic alveolar hypoxia

Acute hypoxia
More hypoxic pulmonary vasoconstriction

Higher PA pressures
Increased Risk Increased risk of
of HAPE? RV Failure? *

L L AT MY TR

What degree of altitude
exposure causes problems
(altitude, duration)?

How high does PA
pressure have to be to put
the patient at risk?

High Altitude Tolerance, Heidelberg 2013
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Will hypobaric hypoxia worsen the
underlying disease process?

Field Studi ;
A Lot Of Factors May Impact dies on Mild

Asthma At High Altitude Asthmatics at Altitude

| Study |Attitude|  Findings atAltitude
Cogo et 5050 m Decreased response to broncho-
_ al.1997 provocatory agents
Louie and Mild decrease in Peak Expiratory
Density 488 pare 2004 Flow (PEF: 76 + 67 Limin)
Stokes et al. 5895 m No exacerbations; No significant
2008 difference in PEF
m Unchanged symptoms and
at gl 2010 medication use and increased PEF

igh Altitude Tolerance, Heielberg PAVKIE
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Will hypobaric hypoxia worsen the
underlying disease process?

Acetazolamide And CPAP
Help At High Altitude

Variable Auto-CPAP Plus | Auto-CPAP Plus Wi R
3 | Acetazolamide |  Placebo BaCk To O% PR s
Median nocturnal ' R, A B L
: .91 R W ¥
S.0. (%) 91 (92-94) 89 (87-91) C R0 LR
Median time spent : 57 (28-8 Sk O )
5.0,<90% (%) | >&% 2522 vy
Median AHI | ¢835.10.1) [ 19.3(9.329)
(events/hour)

~' ) ‘."
R
High Altitude Tolerance, Heidelberg"2e
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Assessing Our Patient ~ Assessing Our Patient

Can The Problem Be
Managed For This Trip?

Is he at risk for severe Yes... but with big
hypoxemia? logistical challenges

Can he adequately raise Nocturnal. .
minute ventilation? non-invasive ventilation?

Is he at risk for severe
hypoxemia?

he adequately raise
Uanhe adequately Unlikely
minute ventilation?
Will he have problems | jqclear, but possible
due to increased PAP? T F R
' The Verdict; Likely feasible but with significant logistical
c}’ﬂ atg: ;23 ;2):;1% m issues and difficult evacuation if he has problems
l [

Uskutecnitelné, ale vyznamneé logistické problémy, zvl. obtizny prip. transport
High Altitude Tolerance, Heidelberg 2013

Will he have problems Echocardiography
due to increased PAP? | Vasodilators or oxygen?
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H|gh AltltUde ACtiVity |S A Patient with Vanishing Lung Syndrome and Remarkable

Tolerance to High Altitude

NOt OUt Of The QueStlon LUKS, ANDREW MARK!; GOSS, CHRISTOPHER H.!; SCHOENE, ROBERT B.2; SWENSON, ERIK R.?

This individual regularly skied at elevations up t0
3400 m without supplemental oxygen

High Altitude Tolerance, Heidelberg 2013

Medicine & Science in Sports & Exercise:

November 2007 - Volume 39 - Issue 11 - pp 1891-1895
doi: 10.1249/mss.0b013e318145b62d

CLINICAL SCIENCES: Clinical Case Studies

ABSTRACT: Very little information is known about patients with chronic obstructive pulmonary
disease who travel to high altitude for work or pleasure. Even less is known about the outcomes
at high altitude for patients with severe bullous lung disease. We present the case of a 54-yr-old
man with vanishing lung syndrome, an idiopathic form of severe bullous emphysema, who has
made repeated trips to altitudes as high as 3400 m, where he has engaged in physical activity,
such as downhill skiing. We consider the issues of adequacy of oxygenation and the risks of
barotrauma in patients with obstructive lung disease traveling to high altitude, and we also
consider factors, such as improved air-flow limitation, maintenance of adequate ventilation-
perfusion matching, and underlying physical fithess, which may affect our patient's ability to
tolerate physical activity in this environment. The case demonstrates that the presence of severe
lung disease does not necessarily preclude travel to and moderate activity at high altitude. Such
travel may, in fact, be safe as long as the patient has undergone appropriate pretravel evaluation,
and we provide recommendations regarding such evaluation in patients with chronic obstructive
pulmonary disease.
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Sudden death in the Austrian Alps

Martin Burtscher, Innsbruck, Austria

~ Nahla smrtyv rakouskych Alpdch

ngh Altltude Tolerance g THE ALPS

. o 180,000 km? -)fﬁaéustna* |
> 40 mnlhomSkxers,and&Hikers annually:

Sudden death in the: Ausmmﬁg

Artin Burtscher
Innsbruck, Austria
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Nahla smrt v rakouskych Alpach

DATA BASE

(Vo > 2000 SCDs 1n 25 years
g a w ﬂ‘:?/h 3 g

n Austria: about 10 million Alpine and Cross-Country

Skiers and Mountain Hikers annually 3 1-Stud
about 300 fatalities/year > ~ 30% SCDs 1985 C lle Contftro [y
~ 500 SCDs

‘-3“:‘"
N -

-

Alpine Skiing

kFrequency

6O warnm winter Sllll'
|
| /-—'/wi‘” Recording of all fatalities during mountain sport activitics
i 2 L in Austria
30 SCDs
2 Austrian Ministry of Interior
2 -

Austrian Alpine Club il
i ' n Kes anization

Austrian Mountain Rescue Urganiz ‘ 4
| Austrian Society for Alpine- and High-Altitude Medicine

High Altitude Tolerance, Heidelberg 2013
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Nahla smrt v rakouskych Alpach

Frequency L Mountain Hikingj Number of SCDs during hiking and skiing
horké léto in Austria within 9 years

hot summer

Sa--® Owmighstys (vio ll Age (years): Hikers : Skiers
I Males Females: Males Females

<20 : 1
21-40 13 6
41-60

> 60

|

I

- |

14 :
166 : 81 -

|

}

|

|

192 54 :

148

Total: 372

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

High Altitude Tolerance, Heidelberg 2013
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AGE-SPECIFIC FREQUENCIES OF SCDs | YWhy mainly males??

Sudden cardiac death during exertion
s an extremely rare event in women (m/f > 19/])

_ ' Preventive effects by recular exercise!
B Cross-Country Skiers and Hikers Whang et al. 2006 i e

Mechanisis: altered regulation of the ANS?

2

W de I
h O n
1 1 1

B Downhill Skiers
. Baroreflex sensunvity and lheart rate recovery
~ 90% males > 34 years b '

'™

[ % B
S
1 1
L T

p—
th
L

- bt - - .

"
i R e R e e e
A ] “# O ot X pig R ropury gt | ‘- ‘)I\ ("'!. !))

O
N
S 30 -
S
y=
2
S
&

[a—y

-

-
1

Men: sympathetic vascular regulation |
Women; parasympathetic influcnce on the hear
Age (Decade) N on Evansetal. 2L
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Activity

THE RISK (males> 34 years)

Sudden death in the Austrian Alps Martin Burtscher, Innsbruck, Austria
Nahla smrt v rakouskych Alpach

Overall Population 3,370,000

Prior MI

CAD

Hypertension

Low specific fitness

Y

RISK FACTORS

Qdds ratio]

High Risk Conditions

—> Low sleeping altitude (?)

ot = First day at altitude (~ 50 % of SCDs)
Hypertension —> Increasing time from the last food and fluid intake
Diabetes —=> Late morning hours

Low specific fitness

|

e o R
Jeon; Mtule

1 |
—_—h—.. o
I SCD/hours Activity | Nonfatal MI/hours FACTORS Prior myocardial infarction
T 30s ——
° L5 Known coronary artery disease
400.000 ——‘K-I_ Hypertension
—_— T Hypercholesterolemia
800,000 1.800,000 , s
Diabetes
of Nz Y — B o ’
1,500,000 (400,000!) . H ooty xertg
el Mognfak;spons ac!;‘vities
(> 2 weeks per year,
| Overall Population 2,700,000 e . o deal s VA
Prog Cardiovase Dis 2010 Prog Cardiovasc Dis 2010 0.' 1 0_'2 0"5 10 20 50 100 200 S0.0 1000

Prog Cardiovase Dis 2010
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Priov myocardial infarction

Known coronary artery disease

Hypertension

Hypercholesterolemia

Diabetes

High intensily exercise
(> 1 time per waek)

Mountain sports activities
(> 2 weeks per yeer)

50 100 200 S00 1000

High Altitude Tolerance, Heidelberg 2013
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CPR s of utmost importance RISK: LOW FITNESS
Rapid beginning: 33% in skiers, 14% in hikers

Increasing reports of successful defibrilation!
Post MI (65%) Without prior MI (30%) < al

Medication

CPR can triple survival from witnessed $CD

Coumarnn . N
at most intervals to defibrillation!! Hokmbery ot f. 2000 ~

Aspirin Aspirin

Nitroglvcerin Nitroglyeerin

Calcium channel blockers Calcium channel blockers
ACE inhibitors ACE inhibitors

Statins Statins
Beta hlockers (3!) Beta blockers (2)

—
~

ey | 25 mlminkg
" Mk

oore 17 mimin/kg

e =2 =

-— —
-~

YO (mbminkg)
=3

LALLM

-

' '
2000 2005 2008 2007 2010

Yeu

. N
Beta blocker use in controls ~10) times higher.

High Altitude

Tolerance,
Heidelberg 2013
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Why differences between skiers and hikers?
Type of | Response
Activity Muscle Action Metabolic Cardirnvascular
Dynamic Aerobic  Volume Load
Concentric . Anacrobic  high Q, VO,
continuously | lowLa”  moderate RPP

HOW TO ADVISE PATIENTS?

Static/Dynamic . Anaer.oblc Pressure Loado RISK FACTOR CONTROL
Eccentric/Concentric | Acrobic moderate Q, VO,

s ormittontly | hich La®  hizh RPP!!
infermuidentiySit BRSNS SPECIFIC PHYSICAL CONDITIONING

: High Altitude
Tolerance,

BEHA VIOURAL ASPECTS cidelberg 2013
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SPECIFIC PHYSICAL CONDITIONING BEHAVIOURAL MEASURES

Static + Rest or low-intense activity on

Dynamic Leg the first day(s) (ar aftitude)

RRUpEryIses) Exercises

Aerobic Exercise e | .
(- High-Intensity  Important for Individually tailored exercise intensity

lnlt’n'llls.') and Patients + pﬂ()f."”.' (Walk and Talk MOde[)

Strength Training  pypamic Arm
Exercises
VOAT > | 7ml/min/kg

Rests + food and fluid intake
(at 30 — 60 min intervals)

High Altitude Tolerance, Heidelberg 2013
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Dear Peter!

Y ou have been one of the most

IMpOrtant persons INspiring

our research work especially through vour
encouraging criticism and your authenticity

as an excellent scientist and mountaineer as well.

High Altitude
Tolerance,

M ?_CM :’M:;_ MNCA nn-(( s’ct?, Kcﬁ"uu/sa.’
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High altitude acclimatization for improvement of sealevel
performance? carsten Lundby, Ziirich, Switzerland

AkIlmatlzace na velkou vysku ke zlepseni vykonu v niziné?
{ 44 Live High — Train Low

"Living high-training low™ effect of moderate-altitude
acclimatization with low-altitude training on performance

BENJAMIN D. LEVINE! AND JAMES STRAY.GUNDERSEN?
Hnstitute for Fxercise arxd Frivironmereal Medicine, Prestnvtertan Hospital of Dallas 75231 arxd

+ . v . . ‘Bavier: The U r of Texas Soutl . ~ R cfi Centter.
High Altitude Acclimatization For Sea Level T Crverséty of Touss Souttrmessers Mecticat Contes: Dillan Toxas 75235,

Performance Levme and Stray-Gundersen

Jg-«n-;.un L0 X
& 01 mui ll"’*l"

Carsten.Lundby@ scoess.Lzh.Lh Point: Positive effects of intermittent hypoxia (live high:train low) on exercise

- performance arc mediated primarily by augmented red cell volume

Hlavni cile g Gore andthe australians:

Mechanismus zvysSeni vykonu: - krev, - svaly PREPRIRAEST e

o ——

Prvni dvojite slepa studie s placebo kontrolou Counurpomt Posnnc offects of intermittent hypoxia (live high:train low)
Vrcholovi atleti on exercise performance arc not mediated primarily by augmented
red cell volume

High Altitude Tolerance, Heidelberg 2013
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Review

Does “altitude training’ iNncrease exercise

performance in

Carsten Lumdiby ! ., Gregoirne

elite athletes™?

P Millet®, Jose A Calbet”, Peter Bartsch?, Andrew W Subudhi®

The general practice of altitude training is widely accepted as a means to enhance
sport performance despite a lack of rigorous scientific studies. For example, the

scientific gold-standard design

of a double-blind, placebo-controlled, cross-over

trial has never been conducted on altitude training. Given that few studies have

utilised appropriate controls, t
effects of altitude training met

nere should be more scepticism concerning the
nodologies. In this brief review we aim to point out

weaknesses in theories and methodologies of the various altitude training

paradigms and to highlight the

few well-designed studies to give athletes, coaches

and sports medicine professionals the current scientific state of knowledge on
common forms of altitude training. Another aim is to encourage investigators to
design well-controlled studies that will enhance our understanding of the
mechanisms and potential benefits of altitude training
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High altitude acclimatization for improvement of sea level performance? carsten Lundby, Ziirich, Switzerland
Aklimatizace na velkou vysku ke zlepseni vykonu v niZiné?

Mnozstvi Hb u kontrol beze zmény, u 50% hypoxickych T
Objem mitochondrii a uCinnost
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High altitude acclimatization for improvement of sea level performance? carsten Lundby, Ziirich, Switzerland
Aklimatizace na velkou vysku ke zlepseni vykonu v niZiné?

How much altitude is needed to increase Hb-
mass?

- o)

2000 40
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= al- 22418.52)
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451 500} 241254 3042653 ST
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N1E25) 2001200

04244 151423}

1153 a1 {13-3%) 3 ’ 2
TR A High
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LA i 2] L) e —— - 5
—d e ——— PO Heidelberg

58 (31-48) 20 (16-26)

25570 29422.54) 23119-3)
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High altitude acclimatization for improvement of sea level performance? carsten Lundby, Ziirich, Switzerland
Aklimatizace na velkou vysku ke zlepseni vykonu v niZiné?

ZAVERY
Live-High-Train-Low: zvySeni vykonu u vSech spickovych atletu
neni presvedcivé
Dalsi moznosti
* Opakovat studii LHTL

* Srovnat hypobarickou hypoxii s normobarickou hypoxii

* Srovnat souvislou expozici s prerusovanou

High Altitude Tolerance, Heidelberg 2013



Training In hypoxia for improvement of sea level
performance? Ben Levine, Dallas, USA

Trénink v hypoxn ke zlepseni vykonu v niZine?

Intermittent v gk
Hypoxic Training pas
For :

Sea Level

High Altitude Tolerance, Heidelberg 2013



Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?

High Altitude
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?

. Knaup et al JAP 1992

B g& ):‘ JIAALES
~Se O e -w:""
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PERFORMANCE
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?

IHE Does NOT Improve 3,000 m Time

Time (sec)

g8 32 8 8

KET (k) ) Owié

Joken ot o J Appl Prywl 2004 (pub on e 2009

High Altitude Tolerance, Heidelberg 2013

Intermittent/Altitude/Exposurei(3ihr)
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Trénink v hypoxii ke zlepseni vykonu v niZiné?

Intermitentni hypoxie rusi hypoxickou a endotelialni vasodilataci

High Altitude Tolerance, Heidelberg 2013



Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niziné?
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA

Trénink v hypoxii ke zlepseni vykonu v niZiné?

Sea Level Endurance Altitude Endurance
TRAINED TITUDE TRAINED ALTITUDE TRAINED ALTITUDE TRANED
SEA LEVEL TRAINED S:r‘:g:gfvo Workload Sa::AbsoEno Workicad SEA LEVEL TRAINED Same Relative Workioad Same Absolute Warkioad
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA

Trénink v hypoxii ke zlepseni vykonu v niZiné?
Hypoxic Training Performed at Same Relative Intensity
Lower Metabolic (VO,) and Mechanical Demand (power

But Greater Ventilation

% Improvement in training speed over 5 weeks
is greater in normoxia
30 40

B NORMOXIA
Heart Rate duning training Ventilation durmg training

3

E 8

=

o

Ventilation (%sVemax pre-lest)

Heart Rate (*%sHRmax pre test)

St 1 101308

100m Time improved similarly in both groups
400m Time improved similarly in both groups
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA

Trénink v hypoxii ke zlepseni vykonu v niZiné?

Hypoxic Exercise Alters Gene Expression

o ':-:yroexlc Exerclsg .Alfers Gene Expression Bot Ntic ¢
(:(,R nzy‘.‘l\e‘"Acflan or Mitochondrial Function = ut INoT tnzyme Activity or Mitochondrial Funetion
R, TR s W sstmmmed | fa S end SchimActopyseizo0r 0 oo

Y =i H - | " v - ] ) . ~
.'-:‘.t: HIF-] E— MiF-lo e | E 3 ‘. HiF W M
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1o Glaa=s - | g 0} % Grad | :
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e § 2 e ——m i
ogrnems | b: 1AM -
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weon honenal | |x ¥ 15 7 COX T .
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§° —
g s 2 x QSTPI'-—’_-—' '
= i C=ei
MIIC —-3: :;, > 0l , : MYICAIs | :
ig Pre-tramung Hypoxia Normoxa B vy :
- i Zoll et ol J Appl Physiol 2006

Cantrct:le '
phcacore | .\U{(‘-lh?’

Zoll et al, J Appl Physiol 2006

High Altitude Tolerance, Heidelberg 2013



Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?

And Does Not Alter Oxygen Transport
AFRAAE STl

- Ty -
9’ Veoce . 27w e g
(‘:‘M ——we vy T‘):-:...-;:. e
oo s Cvoctton
' — A
\ Phase 4

el = Fhayed EPhased

Basa Medical Treacmil roreng Perca Treadmi!

Performance " . . Performance
Examiraton Usuct ¢ Laooratory sessions)
Evavaton ‘ Evaluaton

Week 1 Week 2 Week 3 to Weeh § Week 9

3 " bt \ ‘ﬂ‘,.
i Botore RN Afler - BRI A A5 Week 4 Week6  Week7  Week$

Lactate clearance is unaffected |G teian_2eiern 2a0mn
Two interval and one base training session per

week for 4 weeks in trained cyclists
Lecoultre et al.,Ex Physiol 2010
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Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA

Trénink v hypoxii ke zlepseni vykonu v niZiné?

? Faster PCR Recovery Time

‘ k‘ /! - fmm modemua bt ZE 5 amme bty i 0]  P——— ‘ 3 9 .thSiOQ”y QCfive. men
| ' | single leg exercise, 25 m each leg, 3 wk

* one leg hypoxia (FIO2 = 0.145);
one leg normaxia; same abs: work rate
' * 10 min w/i; interval training=10%70's:

Repeated sprmt ability is further
 enhanced by intensive training in
hypoxia than in normoxia

- 4 weeks; 2 sessions/wk at 3000 in nermobaric hypoxia

Each session was 3 sets of 5 sprints of 10s flat out: recovery 20s,
| recovery between sets ~5 min: each group told they trained hypox

< O e SN B O o o T XS B S KB &S O

But the hypoxia trained leg
had a greater improvement

in the PCr (phosphocreatine)
recovery time in hypoxia

High Altitude Tolerance, Heidelberg 2013



Training in hypoxia for improvement of sea level performance? Ben Levine, Dallas, USA
Trénink v hypoxii ke zlepseni vykonu v niZiné?

TAKE HOME MESSAGE

1. Intermitentni expozice hypoxii v klidu neni efektivni a nestoji za
cas ani namahu.

2. Intermitentni hypoxicky trénink muze nebo nemusi vyvolat
specifické adaptacni zmény v kosternich svalech v zavislosti na
zpusobu tréninku (base vs. interval), sportovni discipliny
a nacasovani tréninkového cyklu.

Domnivam se, ze tento pridatny prospéch je maly a ma omezeny
vyznam.

3. Muze se zkratit doba obnoveni zasob kreatinfosfatu (PCr recovery
time), a tim tolerance opakovanych sprintu ve sportech, kde je tato

schopnost rozhodujici, jako je fotbal a hokej. .. Atiude Tolerance, Heidelberg 2013



Blood do P N g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

UniversitdatsKlinikum Eelceloers

Blood doping under control?

Birgit Friedmann-Bette
Abteilung Innere Medizin VII: Sportmedizin

High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

World Anti-Doping Agency (WADA) defines blood doping as
“the misuse of certain techniques and/or substances to increase
one’s red blood cell mass, which allows the body to transport
more O: to muscles and therefore increase stamina and
performance.

use of synthetic O.carriers, the transfusion of red blood cells
(RBCs), the infusion of hemoglobin (Hb), and the artificial
stimulation of erythropoiesis

“Prohibited Substances” (“S2. Peptide hormones, growth factors
and related substances”), several erythropoiesis-stimulating
agents (ESAs) are itemized: erythropoietin (Epo), darbepoetin-
alfa, hypoxia-inducible factor (HIF) stabilizers, methoxy
polyethylene glycol-epoetin (CERA), and peginesatide
(Hematide; Affymax).

Genetic interventions with the
potential to enhance sport
performance are defined (“M3.
Gene doping”), including “the
transfer of

nucleic acids or nucleic acid
sequences, the use of normal or
genetically modified cells, and
the use of agents that directly or
iIndirectly affect functions known
to influence performance by
altering gene expression

“Prohibited Methods” forbidden blood products are specified (“M1. Enhancement of
oxygen transfer”). Furthermore, intravenous infusions (unless clinically legitimated)
and the sequential withdrawal, manipulation and reinfusion of whole blood are
prohibited ("M2. Chemical and physical manipulation”).  High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Aerobni sporty Je krevni doping pod kontrolou?
Parametry aerobni kapacity

VOZmax X IVI\,max X a-‘IOZmax

Nelze 90%

ovlivnit Hemoglobin  Blood Max. Max. O,-affinity Mitochondrial
concentration volume  heartrate stroke volume of the blood respiratory capacity

+1gHb N/ N/ \/

N Hemoglobin
mass

+ 4 ml/min \ ‘ /

VO2max

Max. cardiac output Max. O,-extraction

Aerobic capacity (Max. O, uptake)

High Altitude Tolerance, Heidelberg 2013 BLOOD, 1 SEPTEMBER 2011 - VOLUME 118, NUMBER 9



Blood do P In g under control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Effective since December 2009, the World Anti- Autologni=pochazejici od téhoz
Doping Agency has therefore implemented "Athlete jedince

Biologic Passport (?peratmg Guidelines," which are Homologni’..tého? druhu
based on the monitoring of several parameters for

mature red blood cells and reticulocytes. Blood . . oy
doping may be assumed, when these parameters Rekombinantni humanni-EPO:

change in a nonphysiologic way vyrobeny vpravenim genu pro
lidsky EPO do savcich bunéek

Athlete Blood Passport is the most recent tool adopted by anti-
doping authorities to detect athletes using performance-enhancing
drugs such as recombinant human erythropoietin (rhEPO).

Eur J Appl Physiol. 2011 Sep;111(9):2307-14. doi: 10.1007/500421-011-1867-6. Epub 2011 Feb 20.
Current markers of the Athlete Blood Passport do not flag microdose EPO doping.

Ashenden M, Gough CE, Garnham A, Gore CJ, Sharpe K.
RIFL WAV o [T [T ET Il MR[EIlo[  SIAB Research Consortium, Gold Coast, QLD, Australia. heyasho@hotmail.com
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Blood do P N g un der control? , Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Table 1. Erythropoiesis-stimulating compounds and techniques prehibited in sports

Compoundiechnique

Manufacturer

Development/approval status

Pharmacaloglc
references

Recombinant products
Criginator epostins
{c, B, 9), biosimilar
epoeting {a, &, £}
Epostin-e copies

Epoetin-w
Epoatin-

Methoxy-PEG-epostin-p
Darbepoetin-alfa

Epc fusion protelns
Epo-Epo, Epo-F,
Epo-BHCG

Peptidic Epo mimetics
Peqgisenatide
CNTO 528, CNTO 530

Epc gene actlvators
HIF stabilizers

Cobaft
a-Ketoglutarate
competitors
GATA inactivators
Epoc gene transfer

Recombinant ONA technology Epo-transfected

CHO cells

L poransfected CHO cells

Epodransfected BHK cells

Cytomeqgalovirus promaoter-transfected HT-1080

cells
Eptransfected CHO cells, pegylated
Mutated Epo-transiected CHO cells,
hyperglycosylated
Recombinant ONA technology

Chemical synthesis

PEG coupled

Fusad to recombinant immuncglobulin
Chemical synthesis

Im viva gene transfer
Im vitro gene transfer

Country- and product-specific marketing
authorization in Morth America, Australia, Asia,

Eurcpean Union

Marketed in Asia, Central and South America,

Africa
Marketed in South Africa

Mo longer available {marketing stopped in 2009

Marketed in Eurcpean Union and Asia

Marketed in Eurcpean Union, North Amenca,

Australia, Asia
Clinical tnals

Clinical trials

Unapproved administration
Clinical trials

Preclinical trials
Preclinical trials
Clinical tnals

28(R), 28{R}, 46(R), 58(R)

29(R), 46(R}, 125(R)

46(R)
29(R), 45{R), 125(R)

29(R), 45(R), 46(R)
42,43, 29(R), 46(R)

48, 125(R)

29(R), 48{R}

49-51

52,53

125(R)

55(R), 65(R), 66(R)
59, 61, 60(R)

67




Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

()0 waoa: 2013 proticted s

Methods with potential to enhance oxygen

Methods with potential to enhance oxygen transport (red cell volume)
trans
L pOl’t (red = volume) M1. MANIPULATION OF BLOOD AND BLOOD COMPONENTS
M1. MANIPULATION OF BLOOD AND BLOOD COMPONENTS 1. Administration or reintroduction of any quantity of autologous, :
et e tpaft ; homologous or heterologous blood or red blood cell products o
1.  Administration or reintroduction of any quantity of autologous, any origin into the circulatory system

homologous or heterologous blood or red blood cell products of
any origin into the circulatory system

2. Artificially enhancing the uptake, transport or delivery of
oxygen, including but not limited to, perflourochemicals,
efaproxiral (RSR13) and modified haemoglobin products (e.g.
haemoglobin-based blood substitutes, microencapsulated
haemoglobin products), excluding supplemental oxygen

3, Any form of intravascular manipulation of the blood or blood
components by physical or chemical means i

High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

. O WADA: 2013 prohibited st

Substances with potential to enhance oxygen

transport (red cell volume)

S2. PEPTIDE HORMONES; GROWTH FACTORS AND RELATED

SUBSTANCES
1. Erythropoiesis-Stimulating Agents
* erythropoietin (EPQ)
* darbepoetin (dEPO)
*  hypoxia-inducible factor (HIF) stabilizers
* methoxy polyethylene glycol-epoetin beta (CERA)
+ peginesatide (Hematide)

S0. NON-APPROVED SUBSTANCES
* EPO-Fc fusion protein
* GATA-antagonists

S1. ANABOLIC AGENTS
« Anabolic Androgenic Steroids

Q0

Substances and methods with potential to
enhance oxygen transport (red cell volume)

Administration or reintroduction of autologous, homologous or
heterologous blood into the circulatory system (red blood cell

transfusion)
Erythropoiesis-Stimulating Agents (ESA)

Performance enhancing effects
Tests for the detection of blood doping
Athlete Biological Passport: Haematological Module

High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Studies on autologous blood transfusions

l A[HD]

Reference

Subjects
(VO,max)

Blood
transfusion

Ekblom et al..
JAP 1972

Buick et al.,
JAP 1980

Spriet et al.,
JAP 1986

Celsing et al.,
APS 1887

Robertson et
al.. JAP 1984

_—

7 nonathletes,
(54.9-71.4 mikg}

11 runners
(72.5 mUkg 'min}

4 runners
{77 mikg*men)

8 leisure time
athletes
{61 mi/kg“min]

9 fem. college
stud. {43 mUkg)

800 - 1200 ml
900 m!

3 x450ml
(2+1. 1 week)

S x 450 ml
(over 2 weeks)

475 ml

(AHbmass)

13%
(18 %)
8 %

10 %

11%

A VO, max




Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

Reference Subjects

(VO,max)

Blood
transfusion

Studies on autologous blood transfusions

Performance test

Ekblom et al..
JAP 1972

7 nonathletes.
(32.2-7T1.4 mikg)

11 runners
(72.5 mUkg min)

Buick et al.,
JAP 1980

4 runners
{77 miUkg 'min)

Spriet et al..
JAP 1986

8 leisure time

athletes
{81 mi/kg*min)

9 fem. college
stud. (43 mi’kg)

Celsing et al.,
APS 1987

Robertson et
al., JAP 1984

| 800 - 1200 mi
S00 ml

3 x450 ml
(2+1,. 1 week)

Sxd450 mi
(over 2 weeks)

475 ml

e ee—

Time to exhaustion; +16 - +25 %,

Time to exhaustion: + 35 %
HR 70°%4VO,max: - 8 bpm

Vdmmoll: + 2%

HR 70%V0O,max: - 8 bpm

|

Lactate 70% VO max: - 1.4 mmol/l

1 A

—_— A N\



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

Performance effects Performance effects
Reference Subjects Blood transfusion | Performance test Reference Subjects Blood transfusion | Performance test
Brien et al. 6 runners 400 ml packed RBCs 10 000 m run Williams et al, 12 runners 920 ml S mile treadmill run
JAMA 1987 | (Altitude residents) (altitude 1500 m) MSSE 1981
35 @ L
g g 1
i =1 o
= 2 E
21 &x g
3 1 3
2 c 2
g 2 E
2
A pre post ranshusion pre  posttransfusion

High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

Doping with blood transfusions under control? Problems of tHbmass determination

by CO- i
* Homologous blood transfusions y OrEbreathmg

— Implementation of a direct test in 2004 * Lack of quality control
- Assessment of 12 blood group antigens * Requirement of athletes' full cooperation
(membrane surface) with flow cytometry * CO toxicity

— Efficient control possible

Problems of plasticiz ion in uri
. Autologous blood transfusions P er detection in urine

— NO DIRECT TEST
red blood cells:

— Tests in discussion: Reduction of accumulated plasticizer in the s tant
A : -~ n m izer in the supernatan
+ Determination of tHbmass (CO-rebreathing) because of washing and deglycerolization of thawed units

» Plasticizer detection in urine '

* Use of frozen red blood cells instead of refrigerated

High Altitude Tolerance, Heidelberg 2013
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Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Promising approaches

+ Detection of RBC alteration caused by storage

— Oxidative protein degradation (SDS-PAGE
electrophoresis)

— Changes in microRNA profiles
+ Gene expression changes (T-lymphocites) in stored

RBC concentrates

High Altitude Tolerance, Heidelberg 2013



Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Studies on treatment with ESA

Reference

Subjects
(VO,max)

EPO dosis

|

A[HDb]
(AHbmass)

Audran et al.,
MSSE 1999

Birkeland et al.,
MSSE 2000

Parisotto et al.,
Haemat. 2000

Ashenden et al.,
JSS, 2001

Russell et al..
EJAP 2002

Thomsen et al.,
EJAP 2007

9 athletes
(5S4 mUkg * mun)

=0 athletes
{83 mikg*‘min}

18 athletes
(61.5 mUkg min)

27 athletes
(52 mifkg* " min)

16 athletes
(58-51ml/kg min)

16 males
(~<47 mi/kg " min}

50 IU/kg-d
{254)

181-232 IU/Kg.
[Ixiwk . 30Q)

S0 IU/kg
(Ixrwk, 254)

50 1U/kg
(3xwk. 25d)

50/20 IU/kg
{3xwk, 8 weeks)

S000 IU/kg over

(
)

13 weeks

9%

125 %

7-12 %
{7-12%
Retis: 95 %

(HK: 11%)

11%




Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

Studies on treatment with ESA

Birkeland et al.,
MSSE 2000

Parisotto et al.,
Haemat. 2000

Ashenden et al.,
JSS, 2001

Russell et al.,
EJAP 2002

Thomsen et al.,
EJAP 2007

20 athletes
{63 mlkg ‘min)

18 athletes
(61.5 muUkg* min)

27 athletes
(52 miflkg*min)

16 athletes
($3-61mi/kg*min)

16 males
(~47 ml/kg“min)

Reference Subjects EPO dosis Performance test
(VO,max)
Audran et al., g athletes 50 IU/kg-d VO, at ventilatory threshold: 14 %
MSSE 1999 (54 mikg * min) {254)

181-232 IU/kg.
[3!0’\’.‘k. 30d)

S0 IU/kg
{3xtwk, 25d)

S0 IU/kg
(Ixwk, 25d)

§0/20 IU/kg
(3xwk, 5 wk)

5000 IU/kg over
13 weeks

Time to exhaustion: 9 %

Time to exhaustion: 54 % .

-

;_j_,__’ 2013
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Je krevni doping pod kontrolou?

Structure of endogenous EPO and modifications
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Je krevni doping pod kontrolou?

. ldeqtiﬁcation of EPO isoforms with
Isoelectric focusing (IEF, implemented 2001)

High Altitude Tolerance, Heidelberg 2013

Identification of EPQ isoforms with
isoelectric focusing (IEF, implemented 2001)

IS\ b e varmples
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Je krevni doping pod kontrolou?

Identification of EPO isoforms with
isoelectric focusing (IEF, implemented 2001)

(XY I mast sl
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CER\ BRP 8 a B ¢ BRP | » | v w| we| BRP
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Detection of EPO-doping with [EF

Treatment with 5000 IU Epoetin beta:
2 wks: every 2nd day, 2 wks: 1x/wk

Day 0 Day 14 Day 21 Day 28
tHbmass [g] 922496 10024112 1016144

Number of urine g " g g
samples tested

Positive tests 0 : i )
Laboratory A

Positive tests 0 - 0 0
Laboratory B

High Altitude Tolerance, Heidelberg 2013
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Je krevni doping pod kontrolou?

Identification of EPO isoforms with
iIsoelectric focusing (IEF, implemented 2001)

ESA

—

CERA BRF x
« NI

High Altit
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Je krevni doping pod kontrolou?

Athlete Biological Passport:
Haematological Module

Implemented by WADA in 2009

+ Hct, [Hb], RBC count, reticulocyte percentage, reticulocyte
number, MCV, MCH, MCHC, OFFhr:

[Hb] (g/dl) - 60 retic%
« Blood draw under standardized conditions
— after sitting in upright position for 10 min.
— no exercise for at least 2 hours before

- Regulations for storage, transport and measurement

Adaptive model: identification of abnormal blood parameter
changes related to athletes' individual profile (Sctasetal Cin. Chem. 2011}

. Team of experts for evaluation cidelberg 2013

f IA




Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

Detection rate of blood doping in scientific studies

» <20 % during a 28-day measurement period after
autologous blood transfusion (1 or 3 bags) (Morkeberg et al.

Scand. J. Med, Sci. Sports 2011)

27 - 36 % during a simulated cycling season of 42
weeks with autologous blood doping (24 transfusions
of 1-2 units of RBCS) (PattgieRer et al. Transfusion 2011)

0% during 12 weeks of EPO-doping (10 IU/kg, 20 IU/kg,
30 IU/kg 2xiwk for 4 weeks) (Ashenden et al. Eur. J. Appl. Physiol.

2011)




Blood do P In g un der control?, Birgit Friedmann-Bette, Heidelberg, Germany

Je krevni doping pod kontrolou?

Further concerns

Discrimination between altitude exposure and doping
with ESA — masked ESA doping by hypoxic exposure?

Blood pass experts working as team doctors

Lack of harmonisation: results of blood draws
performed by NADA and WADA or the international
sports federations not brought together for analyses
Low number of unannounced out-of competition

controls all-over the world



Blood do P In g under control?, Birgit Friedmann-Bette, Heidelberg, Germany
Je krevni doping pod kontrolou?

bears the risk of false-positive results in athletes. On the other hand, when 400
blood samples obtained from 24 subjects receiving rhEpo injections were
screened by the passport parameters, 42% of the subjects were not identified as
rhEpo doped. .z

Critical experts in the analysis of laboratory data have argued that antidoping tests are
based on fraud statistics... Sottas et al...have stated that antidoping is a forensic
science, not a medical one. In forensics, the traditional assumptions of “absolute
certainty” and “discernible uniqueness™ are abandoned in favor of an empirical and
probabllistic approach

knowledge of the action of the suspected substance must first be gained in healthy
athletes. For example, the effects of androgenic steroids and recombinant human
growth hormone needed to be investigated in healthy young subjects....In the authors’
mind, this is an ethical dilemma.

High Altitude Tolerance, Heidelberg 2013



History of mountain medicine in Europe
Oswald Oelz, Ziirich, Switzerland

VvV oo

Deéjiny horské mediciny v Evropé

Again on passing the Great Headache |

Mountain, the Little Headache Mountain,
the Red Land and the Fever Slope, mens
bodies become feverish, they lose colour

Die Symptome sind eine schwere Ubelkeit und immer 15t
die Atmung so betroffen, dass man so erschopft ist, als
hitte man grad einen steilen Berg mit einer schweren Last
erklommen. (...) Wenn er von dieser Krankheit
bezwungen wird, wird der Patient verwirrt und beginnt
Unsinn zu reden. Manchmal verliert er die Fahigkeit zu
sprechen, und seine Fusssohlen werden geschwollen.
Wenn dieses letzte Symptom aufiritt, stirbt der Patient
haufig zwischen Morgengrauen und Friihstiickszeit.

and are attacked by headache and vomiting;
the asses and cattle being in all in like
condition.

Ch'ien Han Shu (35 BC)

Mirza Muhammad Haidar, Tarikh-i-Rashidi, 1541-46

High Altitude Tolerance, Heidelberg 2013



Oswald Olz a Peter Bartsch (foto Christoph Dehnert)
Alpinmedizinischer Rundbrief 49, August 2013, s. 39
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History of mountain medicine in Europe oswald Oelz, Ziirich, Switzerland

Déjiny horské mediciny v Evropé

»iCh erlebte einen seltsamen Effekt, welcher durch die Luft
oder den Wind in diesen Gegenden verursacht wird, namlich
dass der Mensch seekrank wird, nicht weniger, sondem im
Gegenteil sogar schlimmer als auf dem Meer. Ich wurde von
derartigem Husten und Brechen geschittelt, dass ich
firchtete, meine Seele herauszuwiirgen. Nachdem ich
zundchst Fleisch und Flissigkeit erbrochen hatte, folgte bald

José de Acosta 1570

High Altitude Tolerance, Heidelberg 2013



History of mountain medicine in Europe oswald Oelz, Ziirich, Switzerland
Déjiny horské mediciny v Evropé

. Johann Jakob Scheuchzer 1706

(die ausgedehntere Luft verleiht den

Alpleren, insgemein den Schweizern,
thre vierschrotige, grosse,
ansehnliche Gestalty

High

Altitude R

Tolerance, e R (OPy T A R R
, OHANNESJACOBUS & 8 ST ZER

Heidelberg

2013
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History of mountain medicine in Europe oswald Oelz, Ziirich, Switzerland
Déjiny horské mediciny v Evropé

Berg

Berg heisst ein Teil der Erden, so iiber den
Erdboden 1n emer ziemlichen Hohe erhaben
1st. Man fragt deswegen billig, aus was fiir
Ursachen denn solche grosse Werke sind

gemacht worden und was sie fiir Nutzen
haben.

Zedlers Usnveresallexilon 1733

High Altitude Tolerance, Heidelberg 2013




History of mountain medicine in Europe oswald Oelz, Ziirich, Switzerland
Déjiny horské mediciny v Evropé

4 [

t \/ - -

DLUS e T
for unsere Hochtouren und brauchen daher nach ctwas

Resscrem gar nicht zu suchen, um so_wcnjggr, als wir })c!-
nahe fiberall im Gebirge cinen verhdltnissmissig guten, trink-
baren Wein finden werden. Wibrend des Aufstieges trfnke
1 man oberhaupt so wenig als moglich, ein wenig Durst leiden
schadet nichts, zu viel trinken thut niemals gut.

Man nehme bei den kurzen Haltpunkten einen Becher,
falle ihn mit Rothwein, tauche dahincin Brot und csse dieses
und trinke schliesslich den Rest des Weines aus; dies genfgt
und stirkt und Jabt zu gleicher Zeit.

Bei lingerer Rast trinke man entweder puren Wein
oder, wenn der Durst gross ist, gewasserten oder mit ge-
schmolzenem Schace -verdannten Wein, Ist man schon hoch
hinangestiegen. steht man bereits im dritten Drittel des Anstieges,
dann entkorke man. wenn man sich stark angegrifien und
matt fahlt oder vielleicht gar Symptome der Bergkrankheit
versport, den mitgenommenen Marsala oder Sherry, oder
alten Ungarwein und nchme davon zwei bis drei Schlucks
nach wenigen Minuten wird man die aberraschende Wirkung,
die aber nicht wie jene bei den Spirituosen dann alsbald in
das Gegentheil umschlagt, versphren,

- Man kann von halbe Stunde zu haibe Stunde, wenn
nothig, wieder ¢in paar Schluck, aber ni¢ mehr auf einmal
nehmen. Nicht genug ist die Mitnahme einer Flasche schweren
alten Weines auf ciner Hochtour anzurathen, sie hat schon
Manchen, der ohne dem ausgespannt hatte, zur Spitze gebracht,
o Auf. der Spitze angekommen, wird eine Flasche Chams

High Altitude Tolerance, Heidelberg 2013 pagner oder sclbst cin puter Asti spumante gl

Joseph Hamel 1820

Russian
The first Rotter planing to use oxygen

on Mont Blanc
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Reseni akutni situace pfi priznacich tézké
horské nemoci a vyskoveho otoku plic:

1. Sestup, transport, kyslik

2. ,,Margherita koktejl:“
e Dexametazon 8 mg p. 0. nebo i. v,,
pak 4 mg po 8 h nebo prednison 50-
100 mg/12h
¢ Nifedipin SR 20 mg + pripadné
nifedipin instant 10-20 mg. Cave! TK.
e Acetazolamid 500 mg
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Pokud je to mozné kombinovat 2+3
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Von den Hohenkrankheiten zur
Hohenmedizin

» Zuordnung von Symptomen zu Befunden

o Erhohte Mobilitat mit wachsender Zahl vo
Touristen und Patienten

» Schnellerer Transport

de Tolerance.



Everest

and
Beyond:
The World’s
Highest
Metaphor?,
Tom
Hornbein,
(Boulder)
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