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Purpose of review 
This narrative review aims to summarize current evidence on the epidemiology, 
pathophysiological mechanisms, risk factors, differential diagnosis, and preventive 
and therapeutic strategies of High-altitude headache (HAH) to raise awareness 
among physicians.
Recent findings
HAH is the most common neurological symptom associated with acute mountain 
sickness (AMS) and has become a global health concern due to the increasing 
exposure to high altitudes through tourism, sports and work. Its pathophysiology 
is complex and multifactorial, involving hypobaric hypoxia, blood–brain barrier 
dysfunction, and trigeminovascular system activation. 
Conclusions
The diagnostic criteria of the ICHD-3 and the Lake Louise Score are highlighted 
as essential clinical tools, especially regarding moment of evacuation. Knowledge 
gaps were identified in areas such as biomarkers, updated epidemiological data, 
diagnostic standardization and vulnerable populations. Improving understanding 
and management of HAH is critical as global exposure to high-altitude environments 
continues to rise.
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Introduction

H
igh-altitude headache (HAH) is the most frequent neu-
rological manifestation of hypobaric hypoxia and the 

cardinal symptom of acute mountain sickness (AMS) (1). Its 
clinical relevance has increased steadily over recent deca-
des due to the growing exposure of humans to high-altitude 
environments through tourism, occupational activities—par-
ticularly mining—and sports. In these settings, many indi-
viduals ascend rapidly without adequate acclimatization, 
significantly increasing the risk of altitude-related illness.

According to the International Classification of Headache 
Disorders, 3rd edition (ICHD-3), HAH is classified as a 
secondary headache attributed to disorders of homeostasis 
related to reduced oxygen availability. It typically develops 
within 6–24 hours after ascent above 2,500 m and 
usually resolves with descent (2). Epidemiological studies 
consistently show that the prevalence of high-altitude 
headache increases progressively with altitude and 
inadequate acclimatization (1).

The pathophysiology of HAH is complex and likely 
multifactorial. Hypobaric hypoxia is hypothesized to 
trigger cerebral vasodilation, disruption of the blood–brain 
barrier, and mild cerebral edema, as well as activation of 
the trigeminovascular system through mechanisms similar 
to those observed in migraine. Individual susceptibility 
factors—including a history of migraine, previous AMS, 
rapid ascent, obesity, and cardiopulmonary comorbidities—
further increase the risk of developing HAH (3).

Despite its high prevalence and its potential progression to 
severe complications such as high-altitude cerebral edema, 
HAH remains underrecognized in clinical practice (4,5). 
Improving knowledge surrounding this condition is essential 
to optimize early recognition and management, particularly 
in the context of increasing global exposure to high-altitude 
environments.

The aim of this narrative review is to analyze the epidemiology, 
pathophysiology, risk factors, clinical features, differential 
diagnosis, and preventive and therapeutic strategies of 
high-altitude headache, integrating current evidence to 
support its early recognition and management in clinical 
practice.

Methods

A narrative review was conducted in accordance with 
the Scale for the Assessment of Narrative Review Articles 
(SANRA) guidelines. A comprehensive literature search 
was performed primarily in PubMed/MEDLINE and 
complemented by Google Scholar, including publications 
from January 2000 to December 2024. MeSH 
terms and free-text keywords related to high-altitude 

headache, acute mountain sickness, hypobaric hypoxia, 
prevention, and treatment were used.

The search yielded approximately 420 records. Titles and 
abstracts were screened to identify articles relevant to 
the scope of this review, and selected publications were 
evaluated in full text. A total of 39 studies considered most 
relevant to the objectives of the review were included in 
the narrative synthesis.

Eligible publications comprised original research articles, 
observational studies, clinical trials, systematic reviews, 
meta-analyses, and consensus or guideline documents. 
Non-English publications, case reports, editorials, 
letters, and conference abstracts were excluded. Study 
selection and qualitative appraisal were performed by 
two reviewers, focusing on study design, consistency of 
diagnostic criteria, methodological quality, and clinical 
relevance. The findings were synthesized using a 
descriptive narrative approach with emphasis on clinically 
meaningful aspects of HAH.

Pathophysiology

Hypobaric hypoxia at high altitude

Although the fraction of oxygen in the air remains constant 
at higher altitudes (around 21%), the concomitant reduction 
of barometric pressure leads to a decline in partial pressure 
of inspired oxygen (pPO

2
), thus into reduced alveolar pPO

2
, 

and, consequently, a diminished arterial oxygen tension. 
This is called hypobaric hypoxia (6,7).

Neurovascular Responses and Blood–Brain Barrier 
Disruption

Although the precise pathophysiological basis of high-
altitude headache is only partially known, hypobaric 
hypoxia is believed to trigger complex neurohumoral 
and hemodynamic responses, including microvascular 
vasodilation, with increased hydrostatic capillary pressure 
and liberation of chemical mediators such as nitric 
oxide, bradichinine and vascular endothelial growth 
factor (VEGF), with consequential dysfunction of Brain 
blood barrier (8). The enhanced permeability along with 
vasodilation and augmented production of cerebrospinal 
fluid can lead to increased intracranial pressure and 
cerebral edema. The severity of headache symptoms 
correlates with the degree of arterial dilation and flow 
in cerebral arteries, particularly the internal carotid and 
vertebral arteries (9).

Trigeminovascular System Activation and Headache

The vascular changes activate the trigeminovascular 
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system, similar to what occurs on migraine, and plays 
a critical role in headache pathogenesis at altitude 
(10). The release of calcitonin gene-related peptide 
(CGRP) induces further vasodilation and vascular protein 
leakage, exacerbating nociceptive signaling. Additionally, 
compromised cerebral venous outflow, whether due to 
anatomical variants or hypoxia-induced venous distension, 
may intensify intracranial hypertension and headache 
severity (9). Individuals with reduced cerebrospinal fluid 
volume relative to brain parenchymal volume exhibit 
diminished compensatory capacity to cerebral edema, 
predisposing them to more pronounced neurological 
symptoms (8).

Acclimatization: the body response to high altitude 

 Hypobaric hypoxia elicits a complex physiological response 
primarily mediated by activation of the sympathetic 
nervous system. This process is initiated via chemosensory 
input from the carotid bodies and subsequent integration 
within the brainstem respiratory centers, culminating in 
an increase in respiratory rate, tidal volume, and heart 
rate(9). These responses enhance cardiac output to 
optimize systemic oxygen delivery. The hyperventilatory 
response induces an acute respiratory alkalosis, which, 
after 24–48 hours, is partially compensated by renal 
bicarbonate excretion. This adaptive process is frequently 
accompanied by reduction in plasmatic levels of calcium 
and phosphate (11).

Following acute exposure to high altitude, EPAS1 gene 
expression is rapidly modulated via hypoxia-inducible 
factor 1 (HIF-1), a heterodimer critical for cellular 
adaptation to hypoxic stress through the regulation of 
homeostatic pathways. Activation of the HIF-1 alpha 
isoform promotes erythropoietin synthesis, enhancing 
erythropoiesis and serving as a central mechanism 
in physiological acclimatization. In addition, HIF-
1 contributes to ventilatory regulation by influencing 
respiratory neuronal circuits within the brainstem, which 
augments the ventilatory response and improves tissue 
oxygenation during hypoxia (12,13). The sum of these 
responses, occurring over several days to weeks, constitute 
acclimatization (14).

Risk factors

Risk factors for HAH include individual susceptibility, 
permanent residence below 900 m, obesity, pre-existing 
cardiopulmonary disease: persistence of a patent foramen 
ovale, congenital pulmonary abnormalities, Holmes-Adie 
syndrome, Down syndrome, prior history of AMS, personal 
history of migraine, strenuous physical activity, low oxygen 
saturation, and insufficient fluid intake (15–19).

Clinical Features

High-altitude headache typically develops within 6–24 
hours after arrival at altitude and is commonly described 
as a dull, throbbing, bilateral headache, frequently 
involving the occipital or frontal regions (1,12,20).

High-altitude headache frequently occurs in association 
with AMS (1). Acute mountain sickness is characterized by 
the presence of headache accompanied by gastrointestinal 
symptoms (nausea, vomiting, anorexia), dizziness, 
fatigue or weakness, and sleep disturbances, particularly 
insomnia (4,6). These symptoms usually emerge within 24 
hours after ascent to altitudes above 2,500 m and may 
vary in severity depending on the rate of ascent and the 
degree of acclimatization (21–23).

Diagnosis

High-altitude headache is one of the cardinal symptoms 
of AMS and is recognized by the ICHD-3 as a specific 
diagnostic entity related to exposure to high altitudes (2). 
Diagnosis is based on both the clinical characteristics of the 
headache and its temporal association with ascent above 
2,500 meters. Table 1 summarizes the diagnostic criteria 
proposed by the ICHD-3 for high-altitude headache.

Table 1. Diagnostic criteria for high-altitude headache (HAH) 

according to the International Classification of Headache 

Disorders, 3rd edition beta (ICHD-3β)

Diagnostic criteria for High Altitude Headache according to ICHD-3β

A- Headache fulfilling criterion C

B- Ascent to an altitude above 2,500 m

C.Causation is demonstrated by at least two of the following:

1.Headache develops in temporal relation to continued ascent. 

2. One or both of the following:

a) Headache has significantly worsened in parallel with further ascent.

b) Headache resolves within 24 hours after descending to an altitude 

below 2,500 m. 

3. Headache has at least two of the following three characteristics: 

a) Bilateral location.

b) Mild to moderate intensity. 

c) Aggravated by exertion, movement, straining, coughing, and/or bending 

forward.

D. Not better accounted for by another ICHD-3β diagnosis.

High-altitude headache (HAH) is diagnosed when these criteria 
are fulfilled after ascent above 2,500 m and no alternative 
ICHD-3β diagnosis better explains the symptoms (Olesen et 
al.(2); ICHD-3β).
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In addition, the Lake Louise Score, revised in 2018, is widely 
used to assess both the presence and severity of AMS (24). 
It includes headache as a mandatory symptom, along 
with fatigue, dizziness, and gastrointestinal disturbances. 
The total score allows for classification of AMS severity, 
thereby guiding clinical decision-making and therapeutic 
management (23). Table 2 shows the Lake Louise Scoring 
System for AMS diagnosis.

Table 2: Lake Louise Scoring System for AMS diagnosis

Lake Louise Scoring System (2018)

Headache

0 — None

1 — Mild headache

2 — Moderate headache

3 — Severe, incapacitating headache

Gastrointestinal Symptoms

0 — Good apetite

1 — Loss of appetite or nausea

2 — Moderate nausea or vomiting

3 — Severe, incapacitating nausea and vomiting

Fatigue and/or Weakness

0 — No fatigue or weakness

1 — Mild fatigue/weakness

2 — Moderate fatigue/weakness

3 — Severe, incapacitating fatigue/weakness

Dizziness/Lightheadedness

0 — No dizziness or lightheadedness

1 — Mild dizziness/lightheadedness

2 — Moderate dizziness/lightheadedness

3 — Severe, incapacitating dizziness/lightheadedness

Functional Clinical Assessment of AMS

Overall, if you experienced AMS symptoms, how did they affect your activities?

0 — Not at all

1 — Symptoms present, but did not require changing activity or itinerary

2 — Symptoms forced me to stop ascending or to descend on my own

3 — I had to be evacuated to a lower altitude

A diagnosis of AMS is established when the total Lake Louise 
Score is ≥3, provided that headache is present as a mandatory 
symptom. This scale is widely used by mountaineers and can be 
self-administered (Roach et al.(24)). 

Differential diagnosis of high-altitude headache

The differentiation between HAH and other primary or 
secondary headache disorders is essential, as overlapping 
clinical features may lead to misdiagnosis.

Migraine represents the most important differential 
diagnosis. Broessner et al. suggested that low barometric 
pressure alone does not trigger migraine (18); however, 
a recognized association exists between low barometric 
pressure combined with high altitude and migraine onset 
(25–27). Unlike high-altitude headache, migraine typically 
occurs in individuals with a previous history of attacks, 
may be preceded by aura, and is often accompanied 
by photophobia, phonophobia, nausea, and disabling 
pulsatile pain (27). 

Tension-type headache is characterized by bilateral, 
pressing pain (28). In contrast to high-altitude headache, 
it is not exacerbated by physical exertion and is not 
associated with symptoms of acute mountain sickness, as 
defined by the ICHD-3 (2).

Primary exertional headache usually presents as bilateral, 
pulsatile pain triggered by intense physical activity; 
however, it is not directly related to hypobaric hypoxia or 
exposure to high altitude (29,30).

Finally, other secondary causes of headache, such as 
sinusitis, dehydration, carbon monoxide exposure, or 
intracranial pathology, should be carefully excluded, 
particularly when headache characteristics are atypical 
or disproportionately severe, in accordance with the 
diagnostic framework of the ICHD-3 (2).

In summary, although HAH shares features with migraine, 
tension-type headache, and primary exertional headache, 
its defining diagnostic characteristic is the close temporal 
relationship with ascent above 2,500 m and resolution 
within 24 hours after descent. Careful clinical evaluation, 
assessment of migraine history, and identification of 
associated systemic symptoms are critical for accurate 
diagnosis.

Prevention and treatment of altitude headache

The prevention of altitude headache is crucial to avoid 
systemic complications (22,31).

1. Preventive measures during ascent  (32,33).
a. Non-pharmacological:
• Gradual ascent: Do not exceed 500 m/day above 

3,500 m; avoid long ascents with large elevation 
gains.

• Sleep at lower altitude when possible (“climb high, 
sleep low”).

• Rest days after every 1,000 m of ascent.
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• Adequate hydration: 3–4 L/day, avoiding dehydration.
• Carbohydrate-rich nutrition (70–75% of daily caloric 

intake).
• Avoid intense physical exertion during the first days.
• Adequate rest and sleep to improve tolerance.
• Avoid alcohol and tobacco.
• Avoid barbiturates and hypnotics. However, in cases 

of high-altitude insomnia, zolpidem or other short-
acting sleep inducers may be considered, given their 
relative safety and effectiveness in this setting (32).

Drug prophylaxis

Acetazolamide is the first-line pharmacological option 
for the prevention of high-altitude headache. The 
recommended dose is 125 mg every 12 hours, initiated 
24 hours before ascent and continued during altitude 
exposure. Its efficacy in reducing the incidence of HAH 
and AMS has been consistently demonstrated (31–34).

Nonsteroidal anti-inflammatory drugs have also been 
evaluated for prophylactic use, particularly during rapid 
ascents or when adequate acclimatization is not feasible 
(22).

• Ibuprofen: 600 mg every 8–12 hours.
• Naproxen: 500 mg every 12 hours. 

Prophylactic administration of these agents has 
shown effectiveness in reducing the occurrence of 
high-altitude headache.

Other medications have been studied with more limited 
evidence. Sumatriptan was evaluated in a clinical trial in 
which a single oral dose of 50 mg administered within 
the first hour after ascent was associated with a reduced 
incidence of headache and acute mountain sickness.

Dexamethasone is most commonly used for the prevention 
or treatment of severe altitude-related illnesses, such 
as high-altitude cerebral edema (22,35). It may be 
considered when acetazolamide is contraindicated or 
unavailable; however, its use should be restricted to 
specific circumstances, such as high-altitude workers 
or rescue personnel who must ascend rapidly and 
cannot undergo gradual acclimatization (6,9). Table 
3 summarizes recommended drug dosages and their 
preventive effects.

Table 3. Offers a summarised version of drug dosage and 
its effect.

Drug Dosage Indication Efficacy Side effects

Acetazolamide 125 mg 
every 12 

hours

Start 24 
hours 

before and 
continue 
during 
ascent

Reduces 
the risk of 
altitude 

headache 
and acute 
mountain 
sickness

Fluid and 
electrolyte 
imbalance, 
polyuria, 

dysgeusia, 
paresthesia, 

allergy

Ibuprofen 600 mg 
TID or as 
tolerated.

Start 
before 

ascent and 
continue 
the first 

few 
days of 

exposure 
to altitude.

There 
are many 

studies (e.g. 
HEAT)  that 
recommend 

its 
efficacy in 
preventing 

altitude 
headaches 
and mild to 
moderate 
mountain 
sickness.

Renal toxicity, 
gastrointestinl 

toxicity, allergies

ASA 320 mg 
before 
ascent, 
then 3 
doses 

every 4 
hours

Start one 
hour 

before 
arrival at 
altitude, 
continue 
in the first 
24 hours 
according 

to the 
schedule

Decreases 
the 

occurrence 
of 

headache 
compared 
to placebo 
in the HEAT 

study

Contraindicated 
in coagulopathy, 

risk of 
hemorrhage 

and 
gastrointestinal 

toxicity

Dosages and indications are based on available evidence from 

randomized controlled trials and consensus guidelines (Davis et 

al.(32); Angelini et al.(31), Toussaint et al.(34), Zelmanovich et 

al.(35).

Acute mountain sickness assessment and 
management

As discussed above, the diagnosis of AMS using validated 
tools such as the Lake Louise Scoring System allows early 
identification of affected individuals and provides guidance 
for clinical decision-making. A score of ≥3, particularly 
when associated with headache, fatigue, gastrointestinal 
symptoms, and dizziness, strongly suggests AMS.

Alarm signs requiring urgent evacuation or immediate 
descent include resting oxygen saturation below 
85%, progressive dyspnea, ataxia, or altered level of 
consciousness, which may indicate progression to high-
altitude cerebral edema or high-altitude pulmonary 
edema. Immediate descent of 500–1,000 m remains the 
cornerstone of management (22).
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Supplemental oxygen or portable hyperbaric chambers 
may support descent but are not always available in 
high-altitude settings. Pharmacological measures, such 
as acetazolamide or dexamethasone, are more widely 
accessible and are particularly useful when descent is 
delayed (12,35).

Conclusion

High-altitude headache is a highly prevalent yet 
underrecognized condition and represents the primary 
symptom of AM. Its pathophysiology is complex and 
multifactorial, involving hypobaric hypoxia, cerebral 
vasodilation, and activation of the trigeminovascular 
system, with individual susceptibility playing a central role. 
High-altitude headache may affect up to 80% of individuals 
ascending above 3,000 m, particularly during rapid 
ascent and in the absence of adequate acclimatization.

Although often self-limiting, HAH may progress to 
severe altitude-related complications, such as high-
altitude cerebral edema, if not promptly recognized and 
appropriately managed. Early identification, gradual 
ascent, and the implementation of effective preventive 
strategies are therefore essential.

The use of validated diagnostic tools, including the ICHD-3 
and the Lake Louise Scoring System, is critical for accurate 
diagnosis, clinical monitoring, and risk stratification.

Further research on HAH is needed, particularly to clarify 
its underlying pathophysiological mechanisms, identify 
reliable biomarkers, standardize diagnostic criteria, 
and update epidemiological data. Additional studies 
are also required to evaluate genetic susceptibility, 
comorbid conditions, treatment efficacy, and the impact 
of high-altitude exposure on vulnerable populations, 
such as children, older adults, and individuals exposed to 
strenuous physical exercise.

Greater awareness and improved preventive approaches 
are necessary to reduce the global burden of HAH, 
especially as recreational, occupational, and tourism-
related exposure to high-altitude environments continues 
to increase worldwide.
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