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Abstract

Manferdelli, Giorgio, Marc M Berger, and Andrew M Luks.Ignoble Gas: The Questionable Role of Xenon in
Rapid Ascents of Mount Everest. High Alt Med Biol. 00:00–00, 2025.—Beyond the logistical, technical, and
physiological challenges associated with climbing extremely high mountains such as Mount Everest, an impor-
tant feature of such expeditions is their long duration. Among the strategies used in recent years to reduce expedi-
tion duration, one particularly novel approach was implemented during Everest expeditions in 2024 and 2025—
inhalation of the noble gas xenon prior to the expeditions. Despite the tremendous attention this approach
received in the media, significant questions remain as to whether it is truly effective at improving acclimatization
and shortening the duration of expeditions. This review examines this issue in greater detail. After providing
background information on xenon, the review examines potential rationales for xenon’s use in the mountains,
assesses the risks of xenon administration, and considers other aspects of the expedition protocol that likely
affected the odds of summit success. Based on this analysis, there is no basis for widespread implementation of
xenon inhalation at this time. Evidence of benefit is lacking, and there are strong reasons to believe other aspects
of the expedition protocol contributed significantly to the expeditions’ outcomes. Much further research on these
questions is warranted before any more climbers should engage in this potentially risky practice.

Keywords: acclimatization; Everest; hypobaric hypoxia; xenon

Introduction

E ver since the first attempts to reach the summit of Mount
Everest (8,849 m) in the early 20th century, a consistent

feature of climbing expeditions on the mountain has been
their long duration. While the ability to fly to the village of
Lukla at the start of south side expeditions or drive to base
camp for north side climbs has shortened expedition length
to some extent, many modern expeditions still require around
6–8 weeks for the endeavor, including time spent getting to
and from base camp, acclimatizing to hypobaric hypoxia,
and climbing the mountain itself. Recent years have been
marked by attempts to limit the time spent acclimatizing on
Mount Everest with an eye toward reducing risk and/or short-
ening the duration of the expedition. Some South Col expedi-
tions, for example, now use climbs on other mountains in the
region, such as Lobuje East (6,119 m), to facilitate acclimati-
zation and reduce the number of trips through the ever-
dangerous Khumbu Icefall. In addition, many climbers on

north and south side routes are using hypoxic training systems
at home for many weeks leading up to their expedition to
speed along acclimatization prior to the expedition and reduce
the time spent acclimatizing and climbing the mountain itself.

In the past two years, another strategy for shortening the
duration of expeditions to Everest and other very high moun-
tains has garnered significant attention—inhalation of the
anesthetic gas xenon prior to departure. Based on a theory
that the intervention stimulates acclimatization to hypoxic
conditions, this approach first gained wide attention in the
spring of 2024 when a professional guide, who had been
experimenting with the gas for several years, used it to facili-
tate a climb of Mount Everest from the north side of the
mountain. A significantly greater degree of attention was
directed at the intervention in the spring of 2025 when four
paying clients overseen by this guide underwent xenon inha-
lation during their expedition preparation and subsequently
traveled from London to the summit of the mountain and
back in only seven days (Wolfe and Sharma, 2025).
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While this novel intervention has gained widespread atten-
tion as a result of this and the prior year’s expeditions, it
remains unclear whether xenon inhalation is actually of bene-
fit or whether other aspects of preparation for or conduct of
the expedition are the primary contributors to the climbers’
success in reaching the summit. This review article is
intended to examine these issues in greater detail to inform
future approaches to this intervention. After examining back-
ground information on xenon, we discuss how xenon might
be useful for climbing expeditions at extremely high altitudes.
Specifically, we address whether xenon improves acclimatiza-
tion to and exercise performance in hypobaric hypoxia and
whether xenon plays any role in preventing acute altitude ill-
ness. After considering the risks of xenon administration, we
examine the impact of other aspects of the protocol used by
climbers who underwent xenon inhalation on the likelihood
of reaching the summit. We conclude with recommendations
on how to approach future use of this intervention. The focus
throughout will be on the evidence for or against this interven-
tion rather than the ethical issues surrounding its use.

Xenon: History, Properties, and Applications

Xenon (empirical formula Xe) was first discovered in
1898. (Ramsay and Travers, 1898) It is a colorless, odorless,
tasteless, mono-atomic noble gas with a relative molecular
weight of 131.3. Xenon is an extremely rare gas that repre-
sents no more than 0.0875 ppm in the atmosphere. (Maze
and Laitio, 2020) Its commercial use has been limited to
high-priced industrial applications, including flash lamps and
thrusters for space travel, and to medical applications, nota-
bly anesthesia, critical care, and medical imaging (Jin et al.,
2019; Maze and Laitio, 2020; McGuigan et al., 2023). Xenon
is purified from the atmosphere as a byproduct of the separa-
tion of air into oxygen and nitrogen. Because this involves
high capital costs and consumes large amounts of energy, its
production is expensive.

Xenon was first used for human anesthesia by Cullen and
Gross in 1951 (Cullen and Gross, 1951). As an anesthetic,
xenon is nonflammable, nontoxic, and not transformed into
potentially toxic metabolites. The blood-gas (0.115) and
brain-blood (0.23) coefficients are the lowest among all inha-
lational anesthetics, ensuring that xenon floods in and out
quickly, making anesthesia easy to control (Coburn et al.,
2007). With its minimum alveolar concentration (MAC) of
71% (Cullen et al., 1969), narcotic effects are seen at concen-
trations of around 50%, while full anesthesia is achieved at
approximately 80%.

The anesthetic effect is mainly caused by noncompetitive
inhibition of the N-methyl-D-aspartate receptor through bind-
ing at a specific glycine site. Xenon also exerts potent effects
on neuronal background potassium channels, including two-
pore domain potassium channels such as TREK and TASK,
which modulate neuronal excitability (Gruss et al., 2004),
and on ATP-sensitive potassium channels (Bantel et al.,
2010). It also has a significant inhibitory effect on nicotinic
acetylcholine receptors as well as a stimulatory effect on
gamma-aminobutyric acid receptors (de Sousa et al., 2000;
Jin et al., 2019). Xenon upregulates the transcription factor
hypoxia inducible factor-1-alpha (HIF-1a) and its downstream
cytoprotective effectors, including erythropoietin (EPO)
(Ma et al., 2009; Stoppe et al., 2016). In addition, xenon is
an ATP-sensitive potassium channel opener that crosses the

blood–brain barrier, which may contribute to neuroprotec-
tive properties.

Although its high cost and need for a specialized delivery
and monitoring system remain a barrier to use, xenon has
potential benefits compared to other inhalational or intrave-
nous anesthetics. Perhaps its biggest advantage is the cardio-
vascular stability observed during anesthesia. Because it
preserves cardiac output and vascular resistance, use of
xenon is associated with significantly less hypotension and
reduced need for intraoperative vasopressors (Al Tmimi
et al., 2015; Schaefer et al., 2011; Wappler et al., 2007).
Other advantages include faster recovery of consciousness
and reduced environmental impact (McGuigan et al., 2023).
For example, patients undergoing xenon anesthesia opened
eyes, were extubated, oriented spatially, counted down, and
reacted on demand faster than those who underwent sevoflur-
ane, isoflurane, desflurane, or propofol anesthesia (Law et al.,
2016). Xenon has also been reported to exert neuroprotective
effects against a range of neurotoxic insults when used pre-,
during, or post-injury (Van Hese et al., 2018). However,
these findings have not, to date, translated to improved cogni-
tive outcomes (Nair et al., 2021). The primary side effects
associated with use as a general anesthetic include increased
intracranial pressure (Plougmann et al., 1994), bradycardia
(Law et al., 2016), and nausea and vomiting (Law et al., 2016;
Lo et al., 2016).

Beyond its role in anesthesia, xenon has other applications
in medicine. Various isotopes, for example, are used as part
of magnetic resonance, computed tomography (CT), and
single-photon emission CT imaging and have been employed
in studies of human physiology (Pain et al., 1967; Zardini and
West, 1966).

How Might Xenon Be Useful in the Mountains?

To assess whether xenon has use outside the medical set-
ting and, in particular, a role in mountaineering, it is neces-
sary to examine the different ways in which xenon inhalation
might be of benefit to climbers and the state of the evidence
for such potential benefits.

Acclimatization to high altitude and exercise performance

Exposure to hypobaric hypoxia triggers a series of physio-
logical responses in multiple organ systems over varying
time frames, the majority of which are beneficial and help the
body adjust to the low oxygen conditions (Luks, 2015). At
the molecular level, many of these responses are mediated by
HIF-1a and HIF-2a, transcription factors that regulate gene
expression and provoke many downstream responses. One of
the most important responses for acclimatizing to high altitude
and maintaining exercise capacity is an increase in serum EPO
concentration and the subsequent increase in hemoglobin con-
centration, which helps maintain tissue oxygen delivery in the
face of low arterial partial pressures of oxygen.

One of the reasons xenon has been thought to be of benefit
in preparation for climbing at high altitude is via its effect on
EPO production. Findings in mice and in vitro human kidney
cells demonstrated that short-term (£2 hours) xenon inhalation
(fraction of inspired xenon [FIXe] 0.7, fraction of inspired oxy-
gen [FIO2] 0.3) transiently (Ma et al., 2009) upregulated both
HIF-1a and HIF-2a (Goetzenich et al., 2014; Jin et al., 2019;
Limatola et al., 2010; Zhao et al., 2014), and, as a result,
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increased EPO concentrations (Ma et al., 2009). Plasma EPO
concentration has also been shown to be elevated 192 hours
following a single episode of xenon inhalation (FIXe 0.3–0.7,
FIO2 0.21–0.6, balance nitrogen) in healthy humans (Dias
et al., 2019; Stoppe et al., 2018).

Although it is well-established that EPO improves both
submaximal and maximal exercise capacity (Lundby et al.,
2008; Thomsen et al., 2007), the evidence regarding xenon’s
effect on hemoglobin mass, oxygen delivery, and exercise
performance is limited to a single comprehensive study (Dias
et al., 2019). The authors investigated the effects of acute
(1 session), prolonged (7 days), and chronic (4 weeks) xenon
inhalation on erythropoiesis, blood biomarkers, and exercise
capacity. For the acute exposure, subjects inhaled three sub-
anesthetic concentrations of xenon: FIXe 0.3 for 20 minutes,
FIXe 0.5 for 5 minutes, and FIXe 0.7 for 2 minutes, with
measurement of EPO concentration before, during, and after
xenon inhalation. For the prolonged exposure, subjects
breathed FIXe 0.7 for 2 minutes on seven consecutive days
with assessment of EPO concentration and total blood and
plasma volume. In the chronic exposure, subjects were ran-
domly assigned to a 4-week protocol of either xenon (FIXe
0.7 for 2 minutes) or sham gas inhalation with assessment of
EPO concentration, total blood volume, _VO2max and 3-km
time trial performance before and after the exposure. Although
acute and prolonged xenon exposure increased EPO concen-
tration, chronic xenon inhalation did not result in significant
increases in EPO concentration, hemoglobin mass, _VO2max, or
3-km time trial performance (Dias et al., 2019). Importantly,
changes in EPO concentration following xenon inhalation
demonstrated high interindividual variability and did not trans-
late into increased red cell volume, hemoglobin mass, or retic-
ulocyte volume. Altogether, these results demonstrate that the
physiological changes elicited by xenon inhalation are dose-
dependent and transient and may not elicit the necessary
changes to enhance exercise performance or acclimatization
by improving oxygen-carrying capacity (Dias et al., 2019).

Prevention of acute altitude illnesses

Another question is whether xenon is specifically useful
for preventing the main forms of acute altitude illness—acute
mountain sickness (AMS), high altitude cerebral edema
(HACE), and high altitude pulmonary edema (HAPE). Because
no studies have directly addressed this question, the only
way to evaluate it is to extrapolate from what is known about
the pathophysiology of these diseases and then consider
whether xenon affects such processes.

Acute mountain sickness and high altitude cerebral
edema. While it is well-established that hypoxemia is an
indispensable requirement for the development of AMS and
HACE, the pathophysiology of these diseases has not been
fully elucidated despite considerable research on this issue
(Luks et al., 2021a, 2021b). One factor that is thought to play
a role is the hypoxemia-mediated increase in cerebral blood
flow (CBF) (Wilson et al., 2011). Higher CBF helps maintain
cerebral oxygen delivery in the face of a low arterial PO2 but
may also increase hydrostatic vascular pressure in the cere-
bral circulation. This can activate the trigeminovascular sys-
tem and predispose to the headache typically seen in AMS,
cause edema formation in HACE, and decrease systemic and
cerebral oxygenation (Manferdelli et al., 2021). Whether

xenon affects CBF is unclear, as there are no data on this
question in humans, and the results of animal studies are con-
flicting; some studies show an increase (Gur et al., 1985;
Hartmann et al., 1991; Laitio et al., 2007; Luttropp et al.,
1993; Yao et al., 1992a; Yonas et al., 1985), while others
show a decrease (Laitio et al., 2007; Yao et al., 1992b) or no
effect at all (Fink et al., 2000; Frietsch et al., 2001).

Another consequence of hypoxemia, which may contrib-
ute to the pathophysiology of AMS and HACE, is the
increase in vascular permeability of the brain due to
increased oxidative stress, inflammation, and/or upregulation
of vascular endothelial growth factor (VEGF) (Bailey et al.,
2009; Tissot van Patot et al., 2005). Data directly assessing
xenon’s effect on cerebral vascular permeability during
hypoxia in humans are lacking. However, xenon is known to
upregulate VEGF (Goetzenich et al., 2014; Tassel et al.,
2016), which would, theoretically, increase vascular perme-
ability and, therefore, the likelihood of developing HACE.
On the contrary, various animal models have shown that
xenon reduces oxidative stress (Zhang et al., 2022; Zhao
et al., 2015) as well as inflammatory responses to ischemia-
reperfusion injury (Yang et al., 2020; Zhao et al., 2015).
However, neither of these findings has been validated in
human studies (Breuer et al., 2015).

High altitude pulmonary edema. HAPE is a non-
cardiogenic form of pulmonary edema caused by excessive
hypoxic pulmonary vasoconstriction (Dehnert et al., 2007;
Swenson and Bartsch, 2012). The exaggerated pulmonary
vascular response to hypoxia results from reduced nitric
oxide (NO) availability and increased endothelin production,
as demonstrated in studies measuring plasma endothelin-1
and NO in exhaled air, bronchoalveolar lavage fluid, and the
systemic circulation (Berger et al., 2020). Other factors,
such as impaired alveolar fluid clearance, may also play a
role (Sartori et al., 2007; Swenson and Bartsch, 2012).

Whether xenon interferes with these pathophysiologic
processes is unclear. Human data on the effect of xenon on
pulmonary vascular responses to hypoxia are lacking. Studies
in pigs reveal conflicting results, with one study showing
xenon increases pulmonary artery pressure and right ventric-
ular afterload (Hein et al., 2008), and another showing it
reduces pulmonary artery pressure (Baumert et al., 2005).
Data on the effect of xenon on NO and endothelin-1 are also
scarce. In isolated guinea pig hearts, xenon had no, or very
minimal, physiologically important effects on NO-dependent
vascular responses (Pagliaro et al., 2024). In anesthetized
dogs, the hemodynamic effects of xenon are independent of
the endothelin system (Francis et al., 2006; Francis et al.,
2008). No studies have examined the effect of xenon on alve-
olar fluid clearance. Thus, as with AMS and HACE, there is
no strong evidence to suggest that xenon is useful for pre-
venting HAPE.

Beyond the fact that there are no plausible mechanisms by
which xenon prevents acute altitude illness, another factor
that warrants attention is the time span between xenon
administration and when climbers are at high altitude and
face a risk of acute altitude illness. Even if xenon could inter-
rupt the pathophysiology of these diseases, given the gas’
short half-life of about 2.7 hours (Schaefer et al., 2017), it is
unlikely that xenon administration days or weeks ahead of a
planned climb would have any effects on CBF, pulmonary
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vascular resistance, and other variables of sufficient duration
to yield any benefit during the actual ascent.

Neuroprotection

Another purported benefit of xenon is that it may protect
the central nervous system against hypoxic injury at high alti-
tude. This notion is incorrectly extrapolated from work done
in animal studies that examined the neuroprotective effects
of xenon when given either before or following various forms
of ischemic brain injury, including cardiac arrest, cardiopul-
monary bypass, stroke, and traumatic brain injury (Liang
et al., 2022) For example, Fries et al. (2008) administered
xenon (FIXe 0.7) for 1 and 5 hours after resuscitation from
an 8-minute cardiac arrest and noted reductions in neuronal
necrosis and perivascular inflammation as well as improve-
ments in neurocognitive and neurological function 1–3 days
after resuscitation. Similarly, Limatola et al. (2010) used
2-hour xenon administration (FIXe 0.7) 24 hours prior to
60 minutes of middle cerebral artery occlusion in mice and
found improved functional outcomes based on focal neuro-
logical deficit scales and reductions in the volume of the cer-
ebral infarcts.

Although a systematic review and meta-analysis of these
and other studies (Liang et al., 2022) suggests xenon protects
against various forms of neurological injury in animal mod-
els, these data cannot be extrapolated to the situation faced
by climbers at high altitude. Not only have these protective
effects not been demonstrated in humans, but the model of
brain injury in these studies is also far different than the issue
faced by climbers at high altitude. Most of the models in
these studies involve either direct injury to neuronal tissue or
complete cessation of blood flow, where there is a risk of
ischemia-reperfusion injury. Climbers, on the other hand,
experience significant degrees of hypoxemia but preserve
brain oxygen delivery to some extent due to increases in both
CBF (Ainslie and Subudhi, 2014) and increases in hemoglo-
bin concentration and oxygen-carrying capacity. There are
no data to suggest xenon protects against injury in humans in
this situation, which is far different than the tissue ischemia
and cellular injury seen in the animal models noted above.

Risks of Xenon Use

In addition to examining the potential benefits of xenon
inhalation, it is also important to consider the risks of such an
intervention. The most important of these is the fact that, as
noted above, xenon acts as a general anesthetic when given
at certain inhaled concentrations and must be given in a
monitored setting by a trained anesthetist. Such an approach
was used for the climbers who used xenon prior to their Ever-
est climb this past spring. Concern persists, however, that in
light of the extensive coverage of the xenon inhalation proto-
col in the lay press and on social media, non-medically
trained individuals might try to obtain xenon and administer
it to themselves or others in an unmonitored setting and be
predisposed to respiratory depression, loss of consciousness,
and even respiratory arrest.

Information about other risks can be gleaned from some of
the few human studies to investigate the acute physiological
responses to inhalation of xenon at inspired concentrations of
30–70% (Holl et al., 1987a; Holl et al., 1987b; Lawley et al.,
2019; Yagi et al., 1995; Yonas et al., 1981). Low, sub-

anesthetic doses increase mean arterial pressure via increases
in total peripheral resistance, while higher concentrations
(FiXe 0.5–0.7) induce tachycardia and mild hypertension
(Lawley et al., 2019). Xenon-induced hypertension seems
not to be mediated by the sympathetic nervous system, as
muscle sympathetic nerve activity is unchanged in healthy
adults breathing 70% xenon (Neukirchen et al., 2012), but
rather by inhibition of norepinephrine clearance or reuptake.
Although xenon was tolerated in these studies (Holl et al.,
1987a; Holl et al., 1987b; Lawley et al., 2019; Yagi et al.,
1995), and participants’ cardiorespiratory parameters
returned to pre-xenon levels within 1–4 hours (Lawley et al.,
2019; Yonas et al., 1981), all tested xenon doses caused pro-
longed drowsiness, a sense of euphoria, hypnosis, anxiety,
dysesthesias, and sedation in all participants (Dias et al.,
2019; Lawley et al., 2019; Yagi et al., 1995; Yonas et al.,
1981). Importantly, dysesthesia was typically observed prior
to a 5-second period of complete unresponsiveness (Yonas
et al., 1981). At higher doses (FiXe 0.5–0.7), Lawley et al.
(2019) also described a subconsciously restless and agitated
state in a number of participants during xenon inhalation.
Whether these acute physiological and perceptional changes
induced by xenon are exacerbated by chronic inhalation is
unclear. In the lone study to assess the effects of chronic
xenon inhalation (12 sessions, 3 sessions/week, 2 minutes
breathing FiXe 0.7), there was a relatively high incidence
(15%) of adverse events, including symptoms resembling
sleep paralysis and severe nausea (Dias et al., 2019).

Other Aspects of Preparation for Rapid

Everest Expeditions

Xenon inhalation was the aspect of expedition preparation
that garnered the most attention with the 2025 Mount Everest
expedition, but the climbers engaged in several other prac-
tices as part of the preparation for and conduct of the expedi-
tion—preacclimatization with hypoxic training systems in
the weeks before the expedition and use of high oxygen flow
rates while climbing the mountain—that were likely the key
factors in the success of their expedition. The specific proto-
col for trip preparation and oxygen use on the mountain has
not been made public, but information can be gleaned from
the guiding company’s website (Adventures) as well as
reports and interviews in the lay press and on social media
(Carns and Stazicker, 2025; Wolfe and Sharma, 2025).

Hypoxic training systems

The climbers who used xenon prior to their 2025 Everest
expedition spent 6–8 weeks sleeping in hypoxic tents with
increasing doses of hypoxia up to a simulated altitude of
6,000–7,000 m. Two studies have examined the effects of
such tents on acclimatization and suggest that this interven-
tion likely results in some degree of acclimatization to high
altitude. Fulco et al. (2011) randomized healthy, unacclimat-
ized sea level residents to sleep in either normobaric hypoxia
or “sham” hypoxia for seven nights and found that individu-
als who slept in hypoxic conditions—which steadily
increased from the equivalent of 2,200 m at the start of the
week to 3,100 m by the end of the week—had higher noctur-
nal oxygen saturation and lower AMS scores upon awaken-
ing each day at 4,300 m. In the other placebo-controlled
double-blind study, Dehnert et al. (2014) randomized healthy
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individuals to sleep in tents under either normoxia or hypoxia
(>2,200 m, average 2,600 m) and found that the group that
slept in hypoxic conditions for 14 days had lower AMS
scores and a lower AMS incidence during the subsequent
20-hour exposure to the equivalent of 4,500 m. Given that
benefit was seen with relatively short (1 to 2 week) exposures
to lower simulated altitudes than experienced during an Ever-
est climb, it is reasonable to expect that more weeks of expo-
sure to greater degrees of hypoxia, as done by the climbers,
should provide acclimatization to elevations approaching
those of Everest Base Camp.

There is also some physiological rationale for combining
the sleep protocols with hypoxic exercise training leading up
to the climb. Breathing a reduced oxygen fraction during
exercise causes a greater degree of hypoxemia (Sutton et al.,
1988) and, thus, represents a stronger hypoxic stimulus. An
example of such a training protocol is the one published by
the current holder of the fastest time to summit Everest, in
which up to 40% of his training volume was performed in
hypoxic conditions simulating moderate-to-high altitude
(Millet and Jornet, 2019). The literature on the benefits of
this training approach for climbs at the extremes of elevation
is, however, scarce. In a study by Brocherie et al. (2018),
repeated maximal-intensity, short-duration hypoxic exercise
elicited specific peripheral adaptations that were not observed
with passive hypoxic exposure alone. Therefore, the combi-
nation of sleep in hypoxia and high-intensity hypoxic exer-
cise may promote specific muscle adaptations that are not
observed with sleep or exercise in hypoxia alone.

Beyond these data, additional indirect evidence in support
of these systems is the fact that their use in preparation for
climbing at extremely high altitude appears to have increased
in recent years, as evidenced by reports in both the medical
(Millet and Jornet, 2019; Tannheimer and Lechner, 2020)
and lay literature (Bogage, 2019; Harrington, 2016). In fact,
some guiding companies that lead expeditions to Mount
Everest and other very high peaks recommend or require the
use of these systems and have shortened the duration of expe-
ditions to these mountains as a result of this practice. The
company that led the xenon expedition, for example, incor-
porates 6–8 weeks of hypoxic tent use into their rapid or
“FlashTM” Everest expeditions that are only 3 weeks in dura-
tion (Adventures). While such evolution in practice is cer-
tainly not proof of benefit, the fact that companies with

strong commercial interests in getting their clients to their
intended summits have adopted the use of such systems and
not reverted to prior practices provides some indirect evi-
dence that hypoxic training systems yield benefit for climbers
traveling at these extremes of high elevation.

Supplemental oxygen use

Another important intervention for the climbers who used
xenon for their 2025 Everest expedition was their approach
to the use of supplemental oxygen. Since the first docu-
mented attempt to summit Mount Everest in 1921, climbers
have mitigated the extreme stress of climbing at very high
elevations with supplemental oxygen. This practice is known
to increase the odds of summit success and reduce the risk of
acute altitude illness, frostbite, and hypothermia (Arnette,
2025; Kari and Huey, 2000). In fact, only a very few climbers
(2.0% of all ascents) have succeeded in reaching the summit
without this intervention, according to the Himalayan Data-
base (2004).

The approach to supplemental oxygen on the xenon-
assisted expedition differed from the typical approach used
by most Western guiding agencies on Mount Everest in an
important respect. Whereas western guiding agencies typi-
cally have their clients start using oxygen as they move from
Camp II (6,494 m) to Camp III (6,800 m) and increase the
flow rate as they climb higher (Madison G, personal commu-
nication), the climbers who used xenon on their 2025 expedi-
tion appear to have started supplemental oxygen on their way
from Everest Base Camp (5,364 m) to Camp 1 (6,065 m)
(Carns and Stazicker, 2025) and also used oxygen more or
less continuously through the day and night.

The strong effects of supplemental oxygen administration
can be appreciated by examining unpublished data from a
study in which the investigators studied the effects of various
flow rates of supplemental oxygen delivered via a typical
mask system used on Mount Everest on the effective altitude
experienced by the body at both rest and with varying levels
of activity (Fig. 1) (Wakeham et al., 2023). There is a clear
dose relationship between the flow rate of oxygen and the
effective altitude experienced by climbers. For individuals at
rest at the equivalent of the summit of Mount Everest
(8,849 m), 2 l/min of oxygen lowered the effective altitude to
4,489 m, while breathing 6 l/min of oxygen brought the indi-
vidual down to 2,116 m. In a second part of the study, they

FIG. 1. Equivalent “mask altitude” across various flow rates of supplemental oxygen during rest at 8,848 m (baromet-
ric pressure = 253 mmHg) (Wakeham et al., 2023). Mask altitude was calculated from peripheral oxygen saturation and
barometric pressure using data from Operation Everest II (Sutton et al., 1988).
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had subjects perform different levels of work at a slightly
lower elevation and showed that oxygen’s effect was some-
what diminished but was still significant. At 60 W of power
output at the equivalent of 8,100 m, 1 l/min of oxygen flow
rate had no effect on the effective altitude, 2 l/min lowered
the effective altitude to 6,442 m, while 6 l/min lowered it to
the equivalent of 2,545 m. Thus, it can be seen that applica-
tion of sufficient flow rates while climbing significantly
reduces the effective altitude and degree of hypoxemia expe-
rienced by climbers, thus mitigating the risks of climbing at
the extremes of elevation and reducing the time necessary to
acclimatize to severe hypoxia.

The specific flow rates used by the climbers are not entirely
clear from publicly available information, but there is some
information to suggest that they were using high enough flows
to achieve the significant effects seen in the study cited above.
While the lead guide indicated in one media report that they
used 1 to 2 l/min for most of the climb before using higher
flows above 7,900 m (Simicevic, 2025), the climbers have
indicated that they adjusted their flow rates on an ongoing
basis to maintain their SpO2 > 80% (Carns and Stazicker,
2025). Information available on the company’s website and
other sources indicates that climbers on their company’s
FlashTM Everest expeditions are equipped with regulators
that allow a flow of up to 8 l/min and travel with two Sherpas
per climber, which allows them to maintain a supply of oxy-
gen sufficient to support such high flow rates (Adventures;
Schobersberger, 2019). Given that these FlashTM expedi-
tions are longer in duration than the xenon-assisted expedi-
tion (21 vs. 7 days), it is highly likely that they employed
similar oxygen protocols on the much shorter xenon expedi-
tion. The data cited above (Wakeham et al., 2023) strongly
suggest that it is this oxygen support, rather than xenon, that
was the critical factor in ensuring a successful climb.

Conclusions

The use of xenon by four climbers ahead of their 2025
Everest expedition has garnered significant attention, as evi-
denced by the volume of articles in the lay press and discus-
sion on social media before and after the expedition. This
attention, however, stands in stark contrast to the lack of evi-
dence supporting its role in aiding these climbers’ ascents of
Mount Everest. Aside from the fact that xenon inhalation
increases serum EPO concentrations, there is no evidence
that it enhances acclimatization or exercise capacity, prevents
AMS, HACE, or HAPE, or interacts with the pathophysiol-
ogy of those diseases in a clear and meaningful way, or pro-
tects against hypoxic injury in humans. There is also enough
evidence to suggest that other practices on the part of the
climbers—sleeping in hypoxic tents prior to the expedition
and supplemental oxygen at high flows starting at a relatively
low elevation during the expedition—likely played the criti-
cal roles in ensuring their successful ascent in a very short
period of time rather than the xenon inhalation per se.

When these issues are viewed along with the expense of
the intervention and the risks associated with xenon use out-
side of highly monitored settings, there is no basis for wide-
spread adoption of the practice at this time, a conclusion
supported by several other recent publications on this issue
(Burtscher, 2025; Hilty et al., 2025). The experiences of the
lead guide for this company in 2024 and the four climbers in
2025 are certainly intriguing, but are simply anecdotes rather

than evidence of benefit. Their experience demonstrates that
xenon administration is feasible and safe when administered
in a highly monitored setting by trained individuals, but fur-
ther research should be conducted into the safety and efficacy
of this intervention before xenon is used to support climbing
at the extremes of elevation.
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