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La percentuale di ossigeno rimane
Inalterata, ma diminuisce la
pressione atmosferica, che a zero
metri e di 1.013 millibar.



Altitudine Temperatura | Pressione atmosferica
1.013 millibar
899 millibar
795 millibar
748 millibar
701 millibar
616 millibar
540 millibar
472 millibar

411 millibar

356 millibar
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I o Elevation: 5,000 m 2,500 m Om
RISU l‘tato' Pressure: 332 mmHg 532 mmHg 760 mmHg
d IMINUISCE la qua ntlta e non la Figure 32.1 At higher altitudes, air is less dense due to decreasing
c o ) 5 atmospheric pressure. This means that although the percentage of
perce ntua le dl OSSlgenO ne'.'. aria. oxygen in the air does not change, the total number of molecules of

oxygen in a given volume of air decreases. (Adapted from OpenStax,
CCBY 3.0.)
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* edema polmonare da alta quota
(difficolta respiratorie per accumulo di
Liquidi negli alveoli respiratori).
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In tutti e tre i quadri, Vacquisizione di
guota intempi rapidi & la causa
principale dei disturbi segnalati, che
sono legati a carenza di 0Ssigeno.
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’80% dei soggetti con la
malattia acuta da montagna
presenta almeno un sintomo di
pertinenza gastroenterologia
(nausea, diarrea, vomito).
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Almeéno un terzo.dei soggettiche
affrontano Uascensione a Mt. Everest
presenta diarrea.
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24 soggetti tibetani (3600-
4800 m)

11 soggetti con policitemia
(maggiore di 21 g/dluomo e
maggiore di 19 g/dl donna) e
lesioni gastriche

Media eta: 43 anni

13 soggetti tibetani senza
policitemia né lesioni
gastriche




Table 1. Demographic character and clinic features of participants
GML(n=11) Nomal(n=13)

P value
Mean SD Mean SD

Age 430 5.0 43.0 3.6 0.9914

Height 1706 5.0 1691 4.1 0.6411

Weight 724 100 70.0 8.0 0.5596
Oxygen saturation 785 1.7 85.6 s o | < 0.0001

Heart rate 922 129 754 108 0.0039

Systolic pressure 130.2 149 1142 123 0.0136

== Diastolic blood pressure 885 9.8 74.8 7.8 0.0022
RBC 6.9 0.2 4.9 0.5 < 0.0001

HGB 2282 94 1615 128 <0.0001
315 476.2
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Figure 1. Histopathological changes of
gastric mucosa. A. Hematoxylin-eosin
stained results showed appearance of
the gastric mucosa in antrum region of
the HAPC-induced GML group and the
control group. B. The number of gastric
vascular vessels in the antrum region
of the HAPC-induced GML group and
the control group. C. The average di-
ameter of gastric vessels in antrum re-
gion of the HAPC-induced GML group
and the control group. D. The number
of erythrocytes in gastric mucosa of
HAPC-induced GML group and the con-
trol group.
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Effect of high altitude on human postprandial 13C-octanoate

metabolism, intermediary metabolites, gastrointestinal
peptides, and visceral perception
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Studio prospettico non randomizze

25 soggetti volontari(10 donne)
_Mediana eta: 46 anni "

Zurigo (490" T@fda Alagna (1 20 fm) flno a3. OOO m
con funivia, poi Capanna. Gnifetti (3. 647 m) (1 notte)

Studio svuotamento gastrico con Breath Test
all’acido ottanoico



Table 1:

Baseline characteristics of the 25 participants subdivided by gender.

Zurich, 446 m

15 male participants

Zurich, 446m

10 female participants

parameter

median 25th.7 5t
percentile

median 25t. 75th
percentile

age

36.0-51.0

36.3-47.8

23.0-25.4

22.0-23.8
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Evaluation of Acute Mountain Sickness by Unsedated @
Transnasal Esophagogastroduodenoscopy at High Altitude Check o

tes
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25 soggetti vo[onta;' (10 donne)
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Portatiin qubt}é Capanna Margherita (4.559 m) da
Zurigo (490 m), da Alagna(1.205 m) fino a 3.000 m
con funivia, polkCapanna Gnifetti (3.647 m) (1 notte)

Studio lesioni gastroduoedenali con EGDS



Table 2. Comparison Between Patients With vs Without
Endoscopic Lesions on Day 4

No lesions Lesions
Day 4 (n=9) (n = 14) P

Demographics
Sex, female 2 (22.2%) 7 (50%) NS
Age, y, means + SD 379+ 108 476 +53 .009
BMI, kg/m?, means + SD 229+14 242+24 NS
Oxygenation
Sp0;, %, means + SD 782 4 91 821487 NS
Po,, mm Hg, means + SD 4394+ 43 440+47 NS
O: Hb, %, means + SD 80.1 + 5.8 803 +£54 NS
pH, means + SD 75+£002 75+0.02 NS
pCOz, mm Hg, means + SD 26.7+ 1.7 241 +23 .009
Mountain sickness scores
AMS-C, median (IQR) 0.3 (0.2-0.7) 0.2 (0.0-0.5) NS
LLSAS, median (IQR) 3.0 (2.0-4.0) 3.0(1.3-4.0) NS
Gl scores
Hunger, means + SD 674 £27.0 37.3+24.0 .012
Dyspepsia, means + SD 222 4+£223 229+ 26.1 NS
Dyspepsia postprandial, 21.9+221 227 +262 NS
means + SD
Laboratory values
Lactate, mmol/L, means + SD 1.3 £ 0.5 1.3+ 06 NS
CRP, mg/L, means + SD 33+28 28+22 NS
Medications
NSAID 1(11.1%) 2(143%) NS
Dexamethasone 4 (44.4%) 10 (71.4%) NS
Acetaminophen 1(11.1%) 3(21.4%) NS
PPI 0 7 (50%) 011

NOTE. Boldface indicates significant P value.

AMS-C, acute mountain sickness score; BMI, body mass index; CRP, C-
reactive protein; Gl, gastrointestinal; IQR, interquartile range; LLSAS, Lake
Louise acute mountain sickness score; NSAID, nonsteroidal anti-inflammatory
drug; Oz Hb, oxyhemoglobin; pCO,, partial pressure of carbon dioxide; Poz,
partial pressure of oxygen; PPl, proton pump inhibitor, SpOs, oxygen
saturation.
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Table 1. Patient Demographics and Baseline Characteristics
at 4990 m

Patient demographics and baseline
characteristics in Zurich n=25

Age, y, means + SD 438 + 9.5
Sex, female 10 (40%)
BMI, kg/m?, means + SD 23.8 +2.2
History of HAPE 8 (32%)
Medications
Dexamethasone 0 (0%)
NSAID 1 (4%)

Paracetamol 0 (0%)
PPI 0 (0%)
@ SpO2, %, means + SD 973 + 1.1
M AMS-C, median (IQR) 0 (0-0.08)
| LLSAS, median (IQR) 1(1-2)
Hunger, means + SD 38.2 + 30.0
Dyspepsia, means + SD 28.4 + 26.3
Dyspepsia postprandial, means + SD 23.6 + 23.2

AMS-C, acute mountain sickness score; BMI, body mass index; HAPE, high-
altitude pulmonary edema; IQR, interquartile range; LLSAS, Lake Louise
acute mountain sickness score; NSAID, nonsteroidal anti-inflammatory drug;
PPI, proton pump inhibitor; SpO,, oxygen saturation.




Figure 1.Percentage of
patients with endoscopic
lesions at baseline and on
days 2 and 4 after a rapid
ascent to 4559 m. The
frequency of mucosal le-
sions increases from 12%
(baseline) to 26.3% (d2)
and 60.9% (d4). The inci-
dence of peptic ulcer dis-
ease increases from 0.0%
to 10.5% (d2) and 21.7%
(d4). Dark gray indicates
ulcers, and light gray in-
dicates mucosal lesions.
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Letter: The ltalian Conquest of K2: Health-Related Aspects
from the Newly Published Documents of Deputy Expedition
Leader Ugo Angelino

Paolo Sossai"?

Dear Editor,

o mark the 70" anniversary of the Ialian conquest of

K2, we are publishing selecied health-related content
from the diaries and wrmngs of Ugo Angelino, the deputy
expedition leader and logi {Palazzi, 2024).

In the expedition’s budget, medical. surgical, and pharma-
ceutical supplies accounted for 4% of the total cost,

ugh many pharmaceutical companies generously pro-
vided their products free of charge.

The expedition leader was Ardite Desio, a professor of
geclogy at the University of Milan, while the expedition’s
physictan, Guide Pagani from Piacenza, also showcased
exceptional mountaincering skills.

MNotably. the summit of K2 stands at 28,251 feet (8611
meters). with the ltalian base camp located at an altitude of
16,312 feet 14.970 meters). Achille Compagnoni and Lino
Lacedelli successfully reached the summit on July 31, 1954,
with indispensable support from Walter Bonatti and Amir
Mahdi.

Angelino’s diaries contain fascinating health-related
notes, which have been categorized into three main areas:
acelimatization, minor medical treatments, and major med-
ical interventions.

Angelino reponts that, during the trek. all the Italian moun-
taineers exhibited symptoms typical of acute high-altitude
illness (e.g., fatigue and shortness of breath). He himself
admitied to already fecling breathless at an altitude compara-
ble to Mont Blanc (15,777 feet [4.805 meters]), which is
located on the border between ltaly and France (Hackett and
Roach, 2001).

During the approsch to the base camp, the harsh effects of
sunlight were noted. including facial burns despite the use of
creams and conjunctivitis, which particularly affected the
porters who lacked adequate eye protection. Over 150 porters
needed treatment for conjunctivis on the Baltoro Glacier, as
part of a larger group exceeding 600 individuals.

Angelino's diaries also highlight that the presence of a
doctor in the regions traversed by the expedition attracted
long lines of patients, primarily in need of surgical atiention.

Unfortunately, due to logistical constraints, only minimal
treatments were possible, often limited to offering “a few

pills with the usual instructions to take them before meals or
before bed.”

Angelino describes Dr. Pagani performing a tooth extrac-
tion on a porter, as well as frequent complaints of headaches
and stomach pamns among the porters. We now understand
that hypoxia and alterations in gut microbiota are potential
causes of digestive issues (such as gastrointestinal infections).
Approximately one-third of those venturing into the Hima-
layas experience diarrhea, and high-altitude workers may face
gastrointestinal hemorrhages (McKenna et al.. 2022).

Tragically, the expedition lost one of its most accom-
plished climbers, Mano Puchoz.

A native of Valle d° Aosta, Puchoz passed away during the
night of June 20-21, 1954, at precisely 1:15 a.m. local tme, at
the second base camp located at 20,000 feet (60495 meters).
Dr. Pagani, who attended to him. recorded the cause of death
in Angelino’s notebooks as an “incurable pneumonia.” Mod-
ern understanding suggests this was likely high-altitude pul-
monary edema, which prevented Puchoz from descending to
a lower altibude, ulimatcly leading to his death.

Puchoz. a Mont Blanc mountain guide. was just 36 vears
old at the time of his death. Interestingly. Dr. Pagani, aged 37
during the expedition, spent nearly 40 consecutive days
above 19,684 feet (6,000 meters). Despite Puchoz's superior
physical fitness, he succumbed o high-altitude pulmonary
edema. highlighting the unpredictable nature of altimde-
related symptoms.

In conclusion, it is essential o highlight the msights of
Carlo Francou, who praised Dr. Pagani’s humanity and sensi-
tivity. Pagani consistently refused to write about his experi-
ence, finding it impossible to fully convey the emotions,
fears, doubts, and nostalgia shared by the expedition mem-
bers. Francou apily remarked. “The expedition was richer in
cmotions than events™ (Francou, 2004).

Although all the protagonists of this remarkable achieve-
ment are now gone, their writings allow us to remember
them not only for their mountaineering and medical feats but
also for their humanity.

Auther's Contributions

P.5.: Data analysis, article writing, and correspondence.

'International School of Maxi Emergencies (MEDIS), Modena, Tialy.
dical Commssion for the Tialian Regions of Marche and Unima of the Talian Alpine Club (Club Alpano laliano, CAL.
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Considerando la superficie
intestinale, la diminuzione
dell’ossigeno comporta una
situazione patologico/adattativa
che prende il nome di Leakage
Intestinale.

Aumenta LPS (Lipopolisaccaridi)
™M Reazione Inflammatoria
™M Diarrea

™ Intolleranza

M Infezioni genito-urinarie
ricorrenti
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