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Abstract

Background Acute mountain sickness (AMS) is a debilitating condition that individuals may develop on ascent

to high altitude. It is characterized by headache, nausea, vomiting, dizziness, and fatigue with the potential to pro-
gress to fatal disease. Although the pathophysiology of AMS remains unclear, proposed mechanisms are hypoth-
esized to be similar to migraine. Prochlorperazine, a first-line treatment for acute migraine, has been shown to abort
migraine early and thus may be effective in preventing AMS. Its action as a respiratory stimulant additionally makes it
a promising novel agent for AMS prevention.

Methods In this randomized double-blinded trial, participants will be randomized to receive oral prochlorpera-
zine maleate or placebo for 24 h of three times daily dosing on a rapid ascent to 4348 m. Participants will be adults,
aged 18, and older who are unacclimatized. Participants will remain at this elevation overnight. The Lake Louise
Questionnaire will be utilized to define the primary outcome and presence of AMS and will be assessed the evening
of and morning after ascent to peak altitude.

Discussion Currently, acetazolamide is the preferred option for the chemoprophylaxis of AMS, which has been
studied and utilized since the 1970s and involves potential prohibitive side effects. Other more efficacious options
with more tolerable side effects are needed. Preventing AMS has the potential to limit both the morbidity and mortal-
ity associated with developing AMS and more serious diseases (notably high-altitude cerebral edema). Additionally,
there is a substantial economic and environmental impact of AMS that could be prevented.

Trial registration Clinicaltrial.gov, NCT06450899. Registered on June 2024.

Keywords Acute mountain sickness, Chemoprophylaxis, Altitude illness, Prevention, Clinical trial
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Introduction

Background and rationale {6a}

Background

High-altitude travel has become an increasingly popu-
lar venture, with roughly 100 million high-altitude vis-
its annually [1]. When unacclimatized individuals travel
to altitude, they incur a risk of developing acute moun-
tain sickness (AMS), a potentially debilitating condition
characterized by headache and additional symptoms
including nausea and vomiting, fatigue, and dizziness
with the potential to lead to fatal disease, notably high-
altitude cerebral edema (HACE). Acute mountain sick-
ness is altitude-dependent and common, occurring in
50-85% of unacclimatized individuals ascending to
4500-5500 m [2, 3]. Despite decades of research, AMS
pathophysiology remains unclear. However, AMS shares
clinical and proposed pathophysiological characteristics
with migraine [4, 5]. Such similarities suggest that AMS
could be prevented using migraine medications [6]. For
instance, medications that are effective for migraine such
as sumatriptan and metoclopramide have been shown to
have potential for AMS prophylaxis [7] and high-altitude
headache [8], respectively.

Prochlorperazine maleate is a piperazine phenothia-
zine with primarily anti-D2 dopaminergic activity [9] and
is recommended by the American Headache Society as a
first-line migraine agent [10]. The underlying mechanism
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for prochlorperazine-mediated migraine abatement is
unclear, [11] though limited evidence has shown antido-
paminergic medications may serve to abort migraines in
the early premonitory phase [12]. Given potential simi-
larities between AMS and migraine pathophysiology and
demonstrated early migraine abatement with dopamine
antagonists, prochlorperazine administration prior to or
early in altitude travel may help prevent the cascade lead-
ing to AMS development. Additionally, prochlorperazine
has been shown to stimulate ventilation and augment
hypoxic ventilatory response [13]. Less robust hypoxic
ventilatory response has been shown to increase the risk
of developing AMS, [14] further supporting prochlorp-
erazine’s utility as a prophylactic agent.

Thus, our objective is to examine the efficacy of
prochlorperazine in a randomized controlled trial for the
chemoprophylaxis of AMS. Although there is potential
for prochlorperazine to reduce the risk of AMS, there are
no published randomized controlled trials that demon-
strate efficacy and safety when used prior to or early in
ascent for unacclimatized individuals.

Risk/benefit assessment

Overall, the risks to potential participants are unlikely,
small, and reasonable in relation to the potential ben-
efit, as prochlorperazine has a favorable safety profile
and is a commonly used medication in migraines and
vomiting. The study drug prochlorperazine has demon-
strated excellent tolerability. Serious adverse events are
rare, [11] with the most commonly reported side effects
being drowsiness and extrapyramidal effects (akathisia
and dystonia). Drowsiness, while more common, had
been reported as mild [15] and did not show significantly
increased pooled odds ratios over other comparison
migraine therapeutics [11]. Akathisias did occur in stud-
ies utilizing intravenous dosing at rates of around 16%,
[16] though in limited data on oral prochlorperazine,
there were no reported occurrences of extrapyramidal
side effects [15]. Dystonia has also been a reported poten-
tial side effect of prochlorperazine maleate, with one
large Emergency Department study reporting<2% when
given intravenously [16]. Other less common side effects
of prochlorperazine include tardive dyskinesia, which
occurs in a dose-dependent fashion and for the limited
dosing over 24 h in this study, these effects are unlikely.
The scope of outdoor recreation occurring in this study
involves minimal risk, including sunburn, dehydration,
hiking-related injury, and lightning injury. Sojourning to
altitude incurs a risk of altitude illness, most commonly
AMS symptoms of which are typically non-serious, tem-
porary, and manageable. More serious altitude illnesses
including high altitude pulmonary and cerebral edema
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are rare and typically take over 24 h to develop, mak-
ing them exceedingly uncommon for participants in this
study.

Given the appeal of prochlorperazine as an AMS
prophylactic agent and its potential relevance in AMS
pathophysiology, it has significant potential to limit
AMS-related morbidity and mortality. Effective prophy-
laxis of AMS can reduce the sizable negative economic
impact related to tourism in high-altitude communities
such as in Colorado and reduce the resource expense and
environmental toll associated with high-altitude rescue
in often remote areas. Additionally, identifying an effec-
tive prophylaxis medication with known pharmacologi-
cal effects may offer insights into the poorly understood
pathophysiology of AMS.

Objectives {7}

Objective

The objective of this study is to determine the utility of
prochlorperazine maleate for the prophylaxis of AMS.

Hypothesis We hypothesize that prochlorperazine
maleate prophylaxis will prevent the development of
AMS when compared to placebo during rapid ascent to
high altitude.

Trial design {8}
This study will be a double-blind randomized controlled
trial to investigate the efficacy of prochlorperazine
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maleate versus placebo for the chemoprophylaxis of
AMS on rapid ascent to 4348 m in accordance with
Strengthening Altitude Research (STAR) core param-
eters [17]. Participants will be evaluated for AMS uti-
lizing the 2018 LLQ both the evening of and morning
after ascent. The primary outcome will be the presence
of AMS, defined by a 2018 LLQ score >3 including the
presence of a headache at any measured point during
the study. The study will adhere to applicable STAR core
reporting parameters [17].

Methods: participants, interventions,

and outcomes

Study setting {9}

Study site and ascent profile

This study will take place on Mount Blue Sky, an iconic
peak located in the Rocky Mountain Range with an alti-
tude of 4348 m, with a prominence of 839 m. The study
will occur in the month of August. Mount Blue Sky is
reachable by both hiking trail and vehicular traffic. Indi-
viduals will convene at the meeting point at 1934 m where
they will ascend via commercial vehicle to 3911 m. Par-
ticipants will then hike to the summit of Mount Blue Sky
at 4348 m (Fig. 1), where they will spend the night (Fig. 2).
Formal approval, including a special research permit, has
been obtained from the United States Forest Service.

Eligibility criteria {10}

The study population will include adult individuals
(>18 years) who meet inclusion criteria and are agree-
able to participate under informed consent.

Fig. 1 Hiking path from Summit Lake to Mount Blue Sky (formerly Evans) summit
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Ascent Profile
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Fig. 2 Ascent profile with labeled drug administration and outcome assessments

Inclusion criteria
Adults > 18 years old.

Exclusion criteria

+ Individuals<18 years old or>75 years old. Given
the inherent risks of outdoor recreation and degree
of physical fitness needed to successfully complete
the study, the age of 75 was selected as the upper
limit in this multifaceted consideration.

+ Pregnant women

+ Individuals who reside at or have slept at eleva-
tions > 1800 m in the last 2 weeks to eliminate accli-
matization.

+ Individuals who ingested acetazolamide, corticos-
teroids, ibuprofen, anti-emetics, or additional anal-
gesics (e.g., acetaminophen) within the last 24 h
prior to study initiation in order to eliminate their
confounding effects

+ Individuals requiring supplemental baseline oxygen
or with chronic disorders known to be significantly
impacted by hypoxia (such as chronic obstructive
pulmonary disease and interstitial lung disease)

+ Individuals with known allergies to prochlorpera-
zine or phenothiazines

+ Individuals taking medications that interact with
prochlorperazine: dofetilide, potassium acid phos-

phate, potassium chloride, potassium citrate, potas-
sium phosphate, Yohimbe.

+ Individuals living with dementia

+ Individuals who lack decision-making capacity as
this was a stipulation by the ethics review board
given the outdoor hiking at altitude component.
Decision-making capacity will be assessed by
study team members during the consent process
to ensure the individuals understand the risks and
benefits of the study.

Who will take informed consent? {26a}

Interested individuals will be screened for eligibility.
If eligible, they will perform written informed consent
using IRB-approved consent forms describing the study
interventions, procedures, and risks. The study team will
explain the information in the consent verbally in a com-
prehensible manner. We will obtain consent electronically
or face-to-face depending on the availability of the partici-
pant. Participants will have the opportunity to review the
consent forms and ask questions. The study team will ask
questions to ensure comprehension of the consent and
study protocol. If agreeable, the participant will sign the
consent form with the explicit knowledge that they may
leave the study at any time. If non-English speaking, the
study team will provide a translator to assist.
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Additional consent provisions for collection and use
of participant data and biological specimens {26b}
Not applicable.

Interventions
Explanation for the choice of comparators {6b}
Currently, there are limited options for AMS chemo-
prophylaxis, with acetazolamide as the most frequently
recommended and common option, with one recent
meta-analysis demonstrating a pooled risk reduction of
12.8% [18]. Acetazolamide usage comes with the risk of
side effects, notably potentially uncomfortable paresthe-
sias that may prove prohibitive for some. Given the mixed
utility in the literature and side effect profile, there is no
firm usual care for AMS chemoprophylaxis. The Wilder-
ness Medical Society 2024 guidelines specify acetazola-
mide as the first-line option, though reserved for those
individuals at moderate or high risk of AMS and thus not
standard usual care [19].

Thus, the usual care arm will receive a non-identical
placebo tablet and not an additional chemoprophylactic
agent.

Intervention description {11a}

This study will randomize study participants with con-
cealed allocation into either the intervention arm or the
placebo arm using a simple random sample methodology
generated by the team statistician.

Individuals randomized into the study arm will receive
generic prochlorperazine maleate 10 mg orally taken
three times daily for one day. Participants will convene in
the morning of the trial date at low altitude, where they
will receive their first dose roughly around 07:00. They
will then be driven to Summit Lake and hike to the sum-
mit, where they will receive their second dose approxi-
mately 6 h later, around 13:00. They will receive their
final dose in the evening, approximately another 6 h later
around 19:00.

The placebo arm individuals will receive a non-identical
inert generic placebo tablet containing microcrystalline
cellulose provided by Belmar Pharma Solutions. Placebo
tablets will be taken at the same time and frequency as
the study intervention drug.

Criteria for discontinuing or modifying allocated
interventions {11b}

Discontinuation of the study intervention will occur if
any of the following conditions are met:

1. Allergic reaction to study interventions
2. Altitude illness requiring treatment or descent, or
any injury/illness requiring treatment with con-
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founding medicines including ibuprofen, acetami-
nophen, and anti-emetics. Participants will be free
and encouraged to seek care and free to utilize these
drugs, however, will result in an immediate LLQ
assessment at the time of treatment and discontinu-
ation of the study intervention.

Injury/illness requiring descent

4. Participant wishes to drop out of study

w

Strategies to improve adherence to interventions {11c}

Study interventions will be directly administered by an
unblinded dedicated study team member administering
placebo or study drugs and thus will ensure adherence
to interventions.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Emergency physicians will be present to administer
routine care for any injury or illness that may occur
while traveling or hiking at altitude. In the event of
more serious altitude illness, emergency physicians
may administer care including oxygen therapy or aceta-
zolamide. Alcohol (or use of any additional intoxicants)
and use of acetazolamide will be prohibited during the
trial.

Provisions for post-trial care {30}

As the trial encompasses a 36-h period, no post-trial
care will be provided. There will be no compensation
for participants who suffer harm from trial participa-
tion, but emergency physicians will be able to treat and
prevent harm by close monitoring of adverse events.

Outcomes {12}

Primary endpoint

The primary outcome will be the presence of AMS,
defined by a 2018 Lake Louise Questionnaire (LLQ)
score >3 including the presence of a headache on any
measured LLQ during the study.

Exploratory endpoints

Exploratory endpoints will include moderate AMS
defined by a 2018 LLQ score >5 including the pres-
ence of a headache, raw Lake Louise Questionnaire
score, demographic variables, Groningen Sleep Qual-
ity Scale scores, medication side effects, and vital
sign changes.
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Participant timeline {13}

Schedule of event matrix

Time Location Visit Procedures Application
06:00 Golden, Medical Basic physi-  Re-explain
Colorado Screening/  cal exam, the risks
Wooley Pre-Travel medical and benefits
Mammoth  Checkin history, of participa-
Park & Lot (informed tion. Re-assess
(1,934 m) consent for inclusion/
previously  exclusion cri-
obtained) teria. Ensure
adequate
gear/prepara-
tion
07:00 Study Proto- Computer  Dispense
col Dose #1  randomi- dose #1
zation of prochlor-
assigned perazine
individual maleate 10
to study mg or non-
arm or pla-  identical
ceboarm placebo
7:00 Golden, CO (1,934 m) to Summit Lake Transport
Mount Blue Sky (3,911 m) participants
to Summit
Lake via hired
vehicles
9:00-13:00 Sum- Travel Hike Travel
mit Lake to Study to summit  accompanied
to Mount Site by Emergency
Blue Sky Physicians
(3911 m) in scenic
hike to peak
altitude
and study site
destination
13:00- Summit Study Proto-  Break Break
14:00 of Mount col Dose #2  for lunch, for lunch, dis-
Blue Sky Dose #2 pense dose #2
(4,348 m) of prochlor-
perazine
maleate 10
mg or non-
identical
placebo.
18:00- Summit Study Proto-  Dinner, Eat dinner,
20:00 of Mount col Dose #3  Biometric obtain biomet-
Blue Sky Data, AMS ric data, obtain
(4,348 m) assessment,  LLQ for pres-
Dose #3 ence of AMS,
dispense dose
#3 of prochlor-
perazine
maleate 10 Mg
or non-iden-
tical placebo,
spend night
at summit
07:00- Eat breakfast, repeat LLQ for AMS assessment, and bio-
10:00 metric data, pack up, transport participants back

to Golden, Colorado.

This will be repeated for each group of 15-30 partici-

pants.

Page 6 of 10

Schedule of enroliment, interventions and assessments

STUDY PERIOD
Enrolment Allocation Post-allocation Close-out
TIMEPOINT -t 0 o ) [ t e
06:00-0700)  12:00- | 18:00-19:00 07:00- 08:00
13:00 08:00
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
[Prochlorperazine 10 mg or
lacebo]
ASSESSMENTS:

[Baseline variables]* X

22} X X

[Vitals: HR,RR, BP, SPO2,] X X X

" Baseline variables include sex, age, height, weight, home altitude, prior history
of altitude illness, if applicable menopausal status and most recent menstrual
cycle, medical history, medications

LLQ Lake Louise Questionnaire, HR heart rate, RR respiratory
rate, BP blood pressure, SpO, oxygen saturation via pulse
oximetrySample size {14}

Previous literature at similar study sites with similar
recruitment catchments demonstrated an AMS inci-
dence range of 45-68% [20, 21]. For example, a prospec-
tive double-blinded-placebo controlled trial investigating
low-dose acetazolamide versus placebo was conducted
on Pikes Peak and recruited subjects residing between
1400 and 1600 m, which includes the elevation of the
Denver region [20]. This study reported a total incidence
of AMS of 55.5% [20]. A recent meta-analysis reported an
absolute risk reduction of 16.7% in preventing AMS with
acetazolamide at the currently recommended standard
dose [22].

To conduct our power analysis, we utilized STATA.
Based on the literature described above, we assumed an
AMS incidence rate of 50%. To detect an absolute risk
reduction roughly double that of acetazolamide, spe-
cifically 33.4%, utilizing an alpha<0.05 our study would
require a total sample size of 62 participants to achieve
80% power. Due to space and budget constraints, the
maximum number of individuals enrolled will be 100.

Recruitment {15}

This study will enroll a convenience sample of indi-
viduals. We will recruit individuals via word-of-mouth
advertising, flyers, e-mails to relevant listservs of organi-
zations, social media as well as constructing a website
for the research group and project. The principal inves-
tigator or study team member will field responses (usu-
ally via e-mail or telephone or in person if possible) from
interested individuals. Recruitment will be targeted
towards individuals living in the Denver region and areas
of lower elevation (e.g., Grand Junction). There will not
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be pre-screening of participants outside of pre-specified
inclusion and exclusion criteria.

Assignment of interventions: allocation

Sequence generation {16a}

As described, this study will randomize study partici-
pants with concealed allocation into either the interven-
tion arm or the placebo arm utilizing a simple random
sample algorithm generated by the team statistician.

Concealment mechanism {16b}

Randomization to each of the two groups will occur via
a simple random sample (generated by the team stat-
istician) without stratification. Allocation will be con-
cealed to all study team members with the exception of
the pharmacy, statistician, and the dedicated study team
member who will dispense the study drug or placebo.

Implementation {16c}

Study team members will enroll participants. The team
statisticlan will generate the randomized allocation
sequence and communicate assignments to the pharmacy.

Assignments of interventions: blinding
Who will be blinded {17a}
This study will be double-blinded and placebo controlled.
There will be one study team member dedicated to study
drug/placebo administration who will be unblinded. The
pharmacist and statistician will additionally unblinded.
The remaining members of the study team will be blinded
at all times. The participants additionally will be blinded.
Due to budget constraints, constructing an identi-
cal placebo is not feasible, thus a non-identical placebo
will be utilized. This is an inherent limitation and will be
mentioned in the final manuscript as a limitation. How-
ever, the placebo and study intervention are overall very
similar in appearance as shown below including similarly
sized and shaped pills (Fig. 3).
To provide as much blinding as possible, the drugs
will be stored in opaque vials to limit visualization by

Fig. 3 Study intervention pictured on the left, placebo on the right
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other individuals. Given the relatively small sample size
per trial period, at the indicated time, individuals will
proceed one by one to a physically separate location
away from other participants or study members. The
unblinded study team member will then dispense the
study drug or placebo from the opaque vial and then
immediately store the vial with the remaining doses back
into the secure study container.

The participants will be instructed not to discuss the
appearance of their received medication and to not seek
to identify it based on any resources available to help
avoid any bias.

Procedure for unblinding if needed {17b}

In the event of an emergency requiring unblinding, the
dedicated team member assigned to study intervention
administration will have the necessary information to
unblind. There will be additionally an off-site team mem-
ber able to unblind.

Data collection and management

Plans for assessment and collection of outcomes {18a}

Acute mountain sickness is a clinical diagnosis, occurring
in unacclimatized individuals on ascent to high altitude
defined by a constellation of symptoms including head-
ache, nausea and vomiting, dizziness, and headache.
For research purposes, there are a number of developed
scoring systems to define AMS, the current standard and
most commonly utilized being the Lake Louise Question-
naire, first developed in 1993, and updated in 2018 [23].
The LLQ stipulates that a score of > 3, including the pres-
ence of a headache, defines AMS. Thus, the primary out-
come will be the presence of AMS, defined by 2018 LLQ
score>3 including the presence of a headache, at any
measured point during the study.

Plans to promote participant retention and complete
follow-up {18b}

As trials will occur over a relatively brief period with con-
tinuous oversight by study team members, follow-up and
retention will be ensured. This study will be conducted as
a modified intention to treat, and any study participants
that receive the first dose of study intervention will be
included in data analysis in the arm to which they were
randomized. We will also perform a per-protocol analysis.

Data management {19}

Data will be collected and stored in the secure data col-
lection software REDCap. We will export data onto
secure password-locked computers for statistical analysis
by our team statistician.
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Confidentiality {27}

All participant information will be entered via REDCap.
No personal information or study data will be shared
outside the immediate study team.

Plans for collection, laboratory evaluation, and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

Not applicable; no laboratory of biological specimens will
be collected.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The difference in primary outcome (presence of AMS
based on LLQ >3 including headache measured at any
point during the study) between the intervention and
placebo group will be investigated using a Chi-squared
analysis. We will calculate an absolute risk reduction and
number needed to treat for prochlorperazine maleate to
prevent AMS. This study will utilize unpaired two-sample
t-tests and chi-squared analysis to compare continuous
and categorical variables, respectively, in the intervention
and placebo arm cohorts (e.g., age, sex, history of altitude
illness). The alpha level will be p=0.05 for all analysis.

Interim analyses {21b}
There will be no formal interim statistical analysis. The
study team will continuously monitor for adverse and
safety events.

The study may be terminated or suspended for the fol-
lowing reasons:

+ Insufficient recruitment

+ Determination of unexpected, significant or unac-
ceptable risk to participants including observed seri-
ous adverse intervention effects

Methods for additional analyses (e.g., subgroup analyses) {20b}
While sample size will limit rigorous subgroup analysis,
we will additionally conduct a Firth regression to assess
the association between intervention and placebo admin-
istration and the presence/absence of AMS by adjusting
for sex and other relevant factors (e.g., participant histor-
ical and demographic factors).

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
This study will analyze participants on a modified
intent-to-treat basis, where any individual who has
received their first study intervention will be included
in the final analysis.
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Plans to give access to the full protocol, participant-level data
and statistical code {31c}

This study will not grant public access to the partici-
pant-level dataset and statistical code. The protocol will
be available on clinicaltrials.gov.

Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

As a single-center trial, there is no need for a coordinat-
ing center or trial steering committee. The core study
team will provide day-to-day trial support and over-
see all trial logistics and review. The core study team
consists of emergency medicine physicians, research
assistants, and a team statistician who will prepare ran-
domization and analyze data. The core study team will
generally meet weekly, as well as before and after each
trial period.

Composition of the data monitoring committee, its role

and reporting structure {21a}

As a single-center trial, there will not be a data moni-
toring committee. The study team will primarily consist
of emergency medicine physicians and a team statisti-
cian who will conduct the study and analyze the data.

Adverse event reporting and harms {22}

Adverse events, including serious adverse events, deter-
mined by the principal investigator(s) to be related to
the study protocol/intervention will be recorded and
detailed and reported to the IRB and pertinent authori-
ties according to regulatory guidelines which include:

+ The principal investigator will report any suspected
adverse reaction or adverse event to study treat-
ment that is both serious and unexpected.

+ Unexpected serious suspected adverse reactions
and observations from animal studies suggest-
ing significant risk to human participants will be
reported to the FDA as soon as possible but no later
than within 15 calendar days following the event.

+ Unexpected fatal or life-threatening suspected
adverse reactions represent especially important
safety information and will be reported to the FDA
as soon as possible but no later than seven calendar
days following the reaction.

Frequency and plans for auditing trial conduct {23}

There will be no planned formal trial auditing. As this
was a single-center, low-risk intervention, a data moni-
toring committee was not considered. The core study
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team will meet in between each trial date to review
trial conduct.

Plans for communicating important protocol amendments

to relevant patrties (e.g., trial participants, ethical
committees) {25}

The trial protocol will be publicly available on clinical-
trials.gov. Any protocol deviations will be documented
using standard reporting forms and shared with the ethi-
cal institutional review board (COMIRB) and sponsor as
well as updated on the clinical trial registry.

Dissemination plans {31a}
The investigators will communicate trial results in form
of a peer-reviewed publication.

Participant/public involvement
There was no active public/participant involvement in
the design of the protocol.

Discussion

In 1976, Peter Hackett published the landmark first trial
investigating the chemoprophylaxis of AMS, using aceta-
zolamide [24]. Despite decades of investigation, there
has not been a new agent that has conclusively demon-
strated benefit in preventing AMS, making a newer, more
efficacious agent long overdue. Prochlorperazine is well
tolerated, globally available, and relatively inexpensive,
an exciting option that could have significant potential in
the field of AMS prevention.

Field studies on various AMS chemoprophylaxis agents
are not a novel concept [19, 25]. Field AMS clinical trials
involve various logistical challenges, notably safe lodging at
high altitude. Overall, availability and access to high-altitude
structures able to house participants is severely limited and
includes (but not limited to) the White Mountain research
station in the Sierra Nevada and at the Capanna Regina
Margherita hut located in the Alps. While research has pre-
viously been conducted in Colorado at Pikes Peak, recent
construction has made this location no longer suitable. The
structures present on the summit of Mount Blue Sky, includ-
ing two A-frame structures and a larger observatory present
an exciting opportunity to lodge over 30 participants safely
and comfortably. In addition to solid and comfortable sum-
mit structures, Mount Blue sky has a paved road allowing
easy summit access as well as expeditious evacuation if nec-
essary and is located close to Denver allowing convenience
for Denver area residents (thus promoting easier recruit-
ment) highlighting Mount Blue Sky as an exceptional clini-
cal site for high altitude travels. As this will be the first trial
conducted at this location, it will serve as a good indicator
for the feasibility of future clinical trials at this location.
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The study team acknowledges several limitations. Partici-
pants overall will spend a relatively short amount of time
at altitude (<48 h), though this does provide adequate time
for acute mountain sickness to develop. Additionally, sev-
eral symptoms of acute mountain sickness include known
side effects of the study intervention including dizziness
and fatigue, though notably not headache, a requirement
for acute mountain sickness diagnosis.

Trial status

This manuscript represents protocol version 4, August 2,
2024. Recruitment began on May 20, 2024 and will end
August 26, 2024.

Abbreviations

AMS  Acute mountain sickness
HVR  Hypoxic ventilatory response
[\ Intravenous

IRB Institutional review board
PO By mouth, orally

LLQ Lake Louise Questionnaire
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