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Extremni vysky jsou prostredim

Hypobarickym
Hypoxickym
Mrazivym
Vétrnym
Suchym

Plnym UV zareni

¥
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It IS an extraordinary coincidence that
the highest point on Earth is very close
to the limit of human tolerance to
hypoxia.*

John B. West. Human responses to extreme altitudes.
Integrative and Comparative Biology 2006;46(1):25-34.



Vysvétleni ?

Evolucni vysvétleni pro to nemame

Neexistuje jakakoli vyhoda pro prezivani ve
vyskach nad 6000 m

Neni tam ani potrava ani jiné vhodné komodity
Lezou tam ,pouze” horolezci ,protoze velehory

tu jsou®

West JB. Everest — The Testing Place. McGraw-Hill, 1985






Co to jsou velke vysky - definice

* Vyska 1.500 - 3.500 m n.m.
* Velka vyska 3.500 — 5.500 m n.m.
* Extréemni vyska 5.500 — 8.850 m n.m.

* Tolerance k velkym vyskam
— je individualni
— v prubéhu ¢asu se muze vyznamné meénit



Tri zpusoby odpovédi lidského
organismu na velkou vysku

* Aklimatizace na velkou vysku

* Evoluéni tace na velkou vysku
* Eyziologicke odpovedi na extréemni vysku

West JB. Human responses to extreme altitudes, 2006



Aklimatizace na velkou vysku

* Tyka se obyvatelu niZin

Funguje do 5000 m

Hyperventilace

Témer kompletni renalni kompenzace RAL
Polycytémie

Zvyseni intracelularnich oxidativnich enzymu

* V nékterych tkanich zmenseni interkapilarnich

difuznich vzdalenosti

West JB. Human responses to extreme altitudes, 2006



Fyziologicka odpoved
Nad 7000 m (extrémni vysky)
Extréemni hyperventilace
Vyrazna RAL
Neuplna renalni kompenzace
Zvysena afinita kysliku k Hb — dusledek alkalézy
Velmi nizka maximalni spotfeba O,
Velké omezeni anaerobniho metabolismu

Vyrazné | hmotnosti a celkové postupné zhorsovani

stavu
West JB. Human responses to extreme altitudes, 2006



Co vSechno se muze prihodit

Prajmy, problémy s travenim
Jina infekéni onemocnéni
Kasel

Dehydratace

Zanéty Zil

Podchlazeni, omrzliny
Snézna slepota
Popaleniny, opareniny
Intoxikace CO

Ustknuti jedovatym hadem
Mechanicke urazy



Specifické problémy - zakladni terminy

* Vyskova nemoc — AMS — acute mountain
sickness, acute altitude illness

* Vyskovy otok plic — HAPE — high altitude
pulmonary edema

* Vyskovy otok mozku — HACE — high altitude
cerebral edema



AMS — akutni vyskova nemoc

* Muze nastoupit jiz od vysky 2.400 m n.m.
* Za 6-10 hodin po vystupu do vysky
* Symptomy jsou nespecifické

— Bolesti hlavy

— GIT — nechutenstvi, nauzea, zvraceni

— Unava, slabost

— Zaujatost

— Poruchy spanku

— Kratky dech pfi namaze

— Perzistujici tachykardie

— Periferni otoky — ruce, nohy, tvare

www.wikipedia.com 1.10.2014



How do | calculate my own score?

The Lake Louise score is a scoring system used to make a diagnosis of acute mountain
sickness (AMS). This is something you can do yourself to decide how severe your
symptoms are and what they mean. The scoring is as follows:

Symptom Severity Score
Headache Mo headache 1]
Mild headache 1
Moderate headache 2
Severe headache 3
Gut (gastrointestinal) symptoms Mone ]
Poor appetite or nausea 1
Moderate nausea andfor vomiting 2
Severe nausea andlor vomiting 3
Fatigue andfor weakness Mot tired or weak 1]
Mild fatiguefweakness 1
Moderate fatigueliweakness 2
Severe fatiguefweakness 3
Dizziness/light-headedness Mot dizzy ]
Mild dizziness 1
Moderate dizziness 2
Severe dizziness 3
Difficulty sleeping Slept as well as usual ]
Did not sleep as well a5 usual 1
Waoke many times, poor sleep 2
Could not sleep at all 3

A total score of 3 to 5 = mild AMS and 6 or more = severe AMS. Remember that any
symptoms at altitude are altitude illness until proven otherwise.



AMS - pficiny
Nizsi parcialni tlak kysliku v atmosfére
Osoby s nizsim ETco.a vyssi Se. jsou nha tom
|épe
Dehydratace
Prispivaijici faktory
— Rychly vystup do vysek
— Urover dosazené vysky
— Mira fyzicke aktivity ve vysce

— Individualni citlivost k vySce — s Casermn se meéni
www.wikipedia.com 1.10.2014



AMS - prevence

* Pomaly vystup, pfipadné rezim ,vystup vysoko,
spi nize*

* Omezeni fyzické aktivity zejména v prvnich 24
hodinach ve vysce

* Vyvarovat se alkoholu, hypnotik a jinych léku
tlumicich CNS

* Alkohol — vyvarovat se zejm. v prvnich 24-48 h
— tlumi CNS

— zZpusobuje dehydrataci
www.wikipedia.com 1.10.2014



AMS — medikamenty

* acetazolamid — blokator karboanhydrazy,
mirné diuretikum — 125-250 mg a 12 hod

* sumatriptan — pomoc pfi prevenci AMS
* ibuprofen — sniZzuje bolest hlavy i nauzeu

* inhibitory PDE-5 (sildenafil, tadalafil) — snizuji
HPV, ale muze zhorSovat bolest hlavy

* koka — Indiani na Altiplanu

www.wikipedia.com 1.10.2014



WILDERNESS & ENVIRONMENTAL MEDICINE, 21, 146-155 (2010)

REVIEW ARTICLE

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

Andrew M. Luks, MD: Scott E. McIntosh, MD, MPH; Colin K. Grissom, MD; Paul S. Averbach, MD, MS:
George W. Rodway, PhD, APRN: Robert B. Schoene, MD; Ken Zafren, MD; Peter H. Hackett, MD

From the Division of Pulmonary and Critical Care Medicine, University of Washington, Seattle, WA (Drs Luks and Schoene); Division of
Emerpency Medicine, University of Utah, Salt Lake City, UT (Dr Mcintosh); Division of Pulmonary and Crifical Care Medicine,
Intermountain Medical Center and the University of Utah, Salt Lake City, UT (Dr Grissom); Department of Surgery, Division of Emergency
Medicine, Stanford University School of Medicine, Palo Alto, CA (Drs Auerbach and Zafren); College of Nursing and School of Medicine,
University of Utah, Salt Lake City, UT (Dr Rodway); Bozeman Deaconess Hospital, Bozeman, MT (Dr Schoene); Himalayan Rescue
Association, Kathmandu, Nepal (Dr Zafren); Division of Emergency Medicine, Altitude Research Center, University of Colorado Denver
School of Medicine, Denver, CO (Dr Hackett); and Institute for Altitude Medicine, Telluride, CO (Dr Hackett).
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Luks et al

Table 2. Recommended dosages for medications used in the prevention and treatment of altitude illness

Medication Indication Route Dosage
Acetazolamide AMS, HACE prevention Oral 125 mg twice per day
Pediatrics: 2.5 mg/kg every 12 h
AMS treatment” Oral 250 mg twice per day
Pediatrics: 2.5 mg/kg every 12 h
Dexamethasone AMS, HACE prevention Oral 2 mg every 6 h or 4 mg every 12 h
Pediatrics: should not be used for prophylaxis
AMS, HACE treatment Oral, IV, IM AMS: 4 mg every 6 h
HACE: 8 mg once then 4 mg every 6 h
Pediatrics: 0.15 mg/kg/dose every 6 h
Nifedipine HAPE prevention Oral 30 mg SR version, every 12 hours or 20 mg of SR
version every 8 h
HAPE treatment Oral 30 mg SR version, every 12 hours or 20 mg of SR
version every 8 h
Tadalafil HAPE prevention Oral 10 mg twice per day
Sildenafil HAPE prevention Oral 30 mg every 8 h
Salmeterol HAPE prevention Inhaled 125 pg twice per day”

AMS = acute mountain sickness; HACE = high altitude cerebral edema; HAPE = high altitude pulmonary edema; SR = sustained release;
IV = intravenous:; IM, intramuscular.
@ Acetazolamide can also be used at this dose as an adjunct to dexamethasone in HACE treatment, but dexamethasone remains the primary
treatment for that disorder.
® Should not be used as monotherapy and should only be used in conjunction with oral medications.



HACE - vyskovy otok mozku

* Nejvyssi stadium AMS — neurol. pfiznaky!!!
* Prevence
— pomaly vystup — od 3000 m spat max. o 500 m vyse
— acetazolamid — 125-250 mg a 12 hod
— dexametazon — 2 mg a 6 hod nebo 4 mg a 12 hod
— zvykani koky
— adekvatni hydratace

— pozor na vycerpani, hypotermii, hypoglykemi
Lux AM et al, Wilderness and Environmental Med 2010
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Table 4. Acute mountain sickness classification

Litks et al

Category Mild AMS Moderate—Severe AMS HACE
Symptoms Headache plus 1 or more other Headache plus lor more other Worsening of
symptom (nausea/vomiting; symptom (nausea/vomiting; symptoms seen in
fatigue, lassitude, dizziness: fatigue, lassitude, dizziness: moderate to severe
difficulty sleeping). difficulty sleeping). AMS
All symptoms of mild All symptoms of moderate—
intensity severe intensity
Signs None None Ataxia, severe lassitude,
altered mental status
encephalopathy
Lake Louise AMS 2-4 5-15 Not applicable

Score”

AMS = acute mountain sickness; HACE = high altitude cerebral edema.
@ Self-report AMS score *?



Sestup

HACE - |lécbha

—0 300-1000 m

— ne sam!
Kyslik

Pretlakova pfenosna komora (Gamowuv vak)
Acetazolamid 250 mg a 12 hod
Dexametazon 8 mg iv nebo p.o., pak4 mg a 6

hod.

Lux AM et al, Wilderness and Environmental Med 2010



Pribéh 1 - ledovec Biafo, Karakoram

- Zena — 39 let, Australanka
* Nejvyssi dosud dosazena vyska — 3000 m

* V anamnéze obcasnée bolesti hlavy, jinak nic
podstatneho



Pribéh 1 - ledovec Biafo, Karakoram

Den 1 — prijezd do Skardu, cca 2200 m n.m.
Den 3 — v jeepu do Askole, cca 3000 m n.m.

Den 5 — rano po prvni noci na treku, tabor
Mango 3830 m — bolesti hlavy bézného typu

Den 5 — dopoledne — cca ve vysce 4000 m se
stav horsi, po poledni v tabore Baintha (4150
m) vysloveno podezieni na HACE — ztrata
koordinace, citi se extremné slaba



Pribéh 1 - ledovec Biafo, Karakoram

* Nasazen acetazolamid a hydrokortison

* Volana helikoptéra, ktera vSak muze pfiletét az
nasledujici den po poledni (nepfizen pocasi)

* Mezitim probiha |ééba — RL 1/1 2000 ml,
dexametazon, acetazolamid, NSA, pro
bradykardii (az ke 48/min) podavan i
noradrenalin

* Den 6 — nad ranem upada do bezvédomi



Pribéh 1 - ledovec Biafo, Karakoram
Den 6 — po poledni priléta do tabora Baintha
helikoptéra, cestou podavan kyslik

Hospitalizovana v nemocnici ve Skardu, mj.
konstatovan edem papily — potvrzen HACE

Den 7 — propusténa z nemocnice s terapii
dexametazon, acetazolamid, paracetamol

Den 10 bez obtizi, dale jiz bez terapie
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Pribéh 2 - Spantik, Karakoram

Zena, 42 let, Némka

Dosud nékolik vystupu do vysek kolem 6000 m
Anamnéza — vzdy zdrava

Den 1 — base camp, cca 4200 m n.m.

Den 6 — prvni vystup do C1, cca 5100 m

Den 12 — vrchol, 7027 m

Den 16 — sestupuje s pfitelem z C2 (5630 m)
do C1 (5100 m)



Pribéh 2 - Spantik, Karakoram

* Den 16 — pro vycerpani voli bivak mezi C2 a
C1, pritel sestupuje do C1 ve snaze privést
dalsSi pomoc

* Den 16 — z C1 se pro ni vraceji 2 horolezci,
nachazeji ji v bezvédomi, prikryvaiji ji pérovkou,
dochazi k zastavé obéhu, pokus o resuscitaci
skondcil neuspésné

* Den 17 — spoustéji télo zesnulé do trhliny ve
vysce 5431 m n.m.



Pribéh 2 - Spantik, Karakoram

* O lécbé neni nic znamo

* O pri¢inach umrti lze spekulovat. Vycerpani a
prochlazeni se nabizi na prvnim misté



HAPE - vyskovy plicni otok

* Nekardiogenni PE nasledujici po rychlem
vystupu do strednich a velkych vysek

* Neaklimatizovani obyvatelé nizin nebo
vysokych poloh, ktefi se vratili z nizkych poloh
(re-entry HAPE)

* Incidence
2500 m 0,01 %
3600 m 1,9 %
4300 m 2,5-5 %

Hall DP et al. High Altitude Pulmonary Oedema. J R Army Med Corps, 2011



HAPE - vyskovy plicni otok

* Incidence zavisi na:
— rychlosti vystupu
— intenzité zatéze
— absolutni nabyté vysce (zejména vysce prespani)
— individualni nachylnosti

* Mortalita na AMS/HACE/HAPE - 0,12 %, ale
tyto akutni choroby jsou rovnéz faktorem
pfispivajicim k rozhodovacim chybam atd.

Hall DP et al. High Altitude Pulmonary Oedema. J R Army Med Corps, 2011



HAPE - pfiznaky
2-5 dni po vystupu do vysky
Excesivni dyspnoe pfi namaze — v klidu

Klidova dusnost je vzdy abnormalni

Suchy kasel — vlhky kasel — ruzové zpénéné
sputum

Tachykardie
Tachypnoe

Mirné zvysSena teplota
Hall DP et al. High Altitude Pulmonary Oedema. J R Army Med Corps, 2011



HAPE - pfiznaky

* Pozor na diferencialni diagnostiku

— pneumonie

—virove infekty vyssich etazi dychaciho traktu
— bronchospasmus

— akutni infarkt myokardu

Lux AM et al, Wilderness and Environmental Med 2010



HAPE - patofyziologie

* HPV - PVR se zvysuje v odpovédi na nizky PAO,
— pfi akutni expozici hypoxii
— pfi aklimatizaci (= lowlanders)
— pfi Ziti ve vyskach (= highlanders)

* Globalni plicni vazokonstrikce — zakladni etiologicky
faktor u HAPE

* Druhy naraz — zanétlivé mediatory, zhorsena
clearance alveolarni tekutiny, permeabilita membran

* Zhorsena produkce NO, zvyseni endotelinu-1

Pollard A, Murdoch D. The High Altitude Medicine Hadbook, 3. Radcliffe 2003



Progress in Cardiovascular Diseases 52 (2010) 500506
www.onlinepcd.com

Prevention and Treatment of High-Altitude Pulmonary Edema

& - & *
Marco Maggiorini
Intensive Care Unit, Department of Internal Medicine, University Hospital Ramistrasse 100, CH-8091 Zurich, Switzerland

Abstract We distinguish two forms of high altitude illness, a cerebral form called acute mountain
sickness and a pulmonary form called high-altitude pulmonary edema (HAPE). Individual
susceptibility is the most important determinant for the occurrence of HAPE. The hallmark of
HAPE is an excessively elevated pulmonary artery pressure (mean pressure 36-51 mm Hg),
caused by an inhomogeneous hypoxic pulmonary vasoconstriction which leads to an elevated
pulmonary capillary pressure and protein content as well as red blood cell-rich edema fluid.
Furthermore, decreased fluid clearance from the alveoli may contribute to this noncardiogenic
pulmonary edema. Immediate descent or supplemental oxygen and nifedipine or sildenafil are
recommended until descent is possible. Susceptible individuals can prevent HAPE by slow
ascent, average gain of altitude not exceeding 300 m/d above an altitude of 2500 m. If
progressive high altitude acclimatization would not be possible, prophylaxis with nifedipine or
tadalafil for long sojourns at high altitude or dexamethasone for a short stay of less then 5 days
should be recommended. (Prog Cardiovasc Dis 2010;52:500-506)



Alveolar Space

Pulmonary Circulation

Hypoxia
@ Nitric oxide availability
(+) Neuro-humoral axis Phosphodiesterase 5-
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Fig 1. Action mechanisms of the different drugs used for prevention and treatrent of high altinde pulmonary edema. Phosphodiestermse S-inhibitors such as
sil denafil and tadalafil increase nitric oxide availability in the pulmonary circulation leading to a decrease in pulmonary vascular tone; hence, pulmonary capillary
pressure and fluid leakage in to the interstitial and alveolar space. Corticosteroids increase nitric oxide availability in the pulmonary circulation leading to a
decrease in pulmonary vascular tone, decrease hvpoxia associated neurchumoml actrvation and pulmonary capillary permeability, and enhance hyposia-
associated decrease in alveolar water clearance. [ agonists enhance alveolar water clearance by strmulatimg ENaxC,



Susceptible to

HAPE

v
Trekking/climbing above 2500m

v
Business trip < 5 days above 2500m

Rapid ascent > 1000 m/day

Slow ascent
< 600 m/day

Dexamethasone

A-Bmg every 12 hours
start
24 hours before ascent

+
Nifedipine Tadalafil

CR 30-60 once a day either 20 mg once a day

start start
24 hours before ascent 24 hours before ascent

CAVE: Nifedipne and tadalafil are effective far HAPE anly

If also susceptible to AMS add
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Acetazolamide :
125 mg every 12 hours, started 12 hours before ascent
or during ascent if AMS symptoms develop

o

Fig 2. Algorithms for the prevention of HAPE: we suggest to differentiate between a short stay at an altitnde above 2500 m (business trip) and
ol ntaineerin g (trekk ing/climbing ) at altitudes above 2500 m for more the 4 days. Dexamethasone prophvlaxis is warranted fora business trip to a location
at an altiude above 2500 m because acclimatization i not possible following time constram and if not contraindicated dexamethasone represent an
effective and safe treatment option if taken for a short period of time. In all other situations slow ascent and the use of a pulmonary vasodilator are
recommended because it has been proven to be effective and safe. CAVE, neither nifedipine nor tadalafil prevent AMS; therefore, the acetazolamide may

be added as a prophylaxis or treatment for mild AMS symptoms.

Effective for HAPE & AMS!



504 M. Maggiorini / Progress in Cardiovascular Diseases 52 (2010) 500-506

The diagnosis is

+ HAPE +
Mild-AMS Without AMS Mild/Severe AMS
Headache 0, Headache
s 4-6 |/min +
1 additioan| AMS symptom + > 1 additioanl AMS symptoms
Optional add Nifedipine add
e m R ———— : 20 mg every 8 hours
i i or Dexamethasone
i Azetazolamide 1' Sildenafil 8 ng loading dose
| 125 mg every 12 hours | 50 mg every B hours
: ] 4 mg every 6 hours
i 1

v

Descent > 1000m

Fig 3. Algonithms for the treatment of HAPE: HAPE may present with or without AMS symptoms. The primary treatment of HAPE without AMS
symptoms is oxygen and either nifedipine or sildenafil. This treatment restores exercise capacities to allow decent, which remains the only causative
treatment of HAPE. If HAPE is associated with mild AMS, it is likely that improving arterial oxygenation AMS symptoms resolve spontaneously;
therefore, the addition of acetazolamide in this situation is considered as optional. Conversely, if HAPE is associated with moderate to severe AMS, the
coadmmistration of dexamethasone 15 strongly recommended.



HAPE - |ecba

Sestup pokud mozno bez namahy!

Kyslik nebo hyperbaricka lécba (Gamowuyv vak)
Udrzeni télesne teploty

Minimalizace namahy

Nifedipin SR - 60 mg denné

Inhibitory PDE-5 (?) — sildenafil, tadalafil

Lécba AMS — dexamethason, acetazolamid

Hall DP et al. High Altitude Pulmonary Oedema. J R Army Med Corps, 2011
Bates MG et al. PDE-5 inhibitors in the treatment and prevention of HAPE.
Curr Opin Investig Drugs 2007



HAPE - |ecba

* CPAP
- Beta, agonisté (salmeterol, albuterol?)

* diuretika ne

Lux AM et al, Wilderness and Environmental Med 2010



Zavery

* Dramaticke zmeény béhem aklimatizace
nejsou slucitelné s dlouhodobym prezitim

* ,Fyziologicka odpoved na extremni vysky by
mela byt chapana spisSe jako usili organismu o
preziti nez jako uspésna dlouhodoba
adaptace na toto prostredi.”

West JB. Human responses to extreme altitudes, 2006



