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adequate acclimatization.

In high altitudes, usually above 2500 m, travelers are faced with decreased partial pressure of oxygen along with
decreased barometric pressure. High-altitude illness, a syndrome of acute mountain sickness, high-altitude
cerebral edema and high-altitude pulmonary edema, occurs due to the hypobaric hypoxia when there is in-

This review provides detailed information about pathophysiology, clinical features, prevention and treatment
strategies for high-altitude illness according to the current literature.

1. Introduction

People are increasingly interested in travelling to high altitudes for
several purposes; for fun, for work or sportive activities. In high alti-
tudes, usually accepted as above 2500 m, travelers are faced with de-
creased partial pressure of oxygen along with decreased barometric
pressure.’ The adaptability of the human body to hypobaric hypoxia is
quite successful but requires time to do so. If the time of high elevation
is faster than the process of acute acclimatization, then high-altitude
illness (HAI) occurs.

High-altitude illness is a group of syndromes that results from hy-
poxia which is the major parameter causing a series of physiological
alterations.? HAI has three forms; acute mountain sickness (AMS), high-
altitude cerebral edema (HACE) and high-altitude pulmonary edema
(HAPE). The pathophysiology of HAI is partially well understood while
prevention and treatment strategies are mostly based on low quality
evidences.

In this review it is intended to provide detailed information about
pathophysiology, clinical features, prevention and treatment strategies
for HAI according to current literature.

2. The pathophysiology of high-altitude illness
Although some prior studies report that AMS and potentially HAPE

can be seen at lower elevations (2000-2500 m), HAI is more common
above 2500 m.>” At high altitudes, environmental features differ from

the ones at sea level. As altitude increases, temperature and humidity
decreases, ultraviolet radiation increases, more importantly, barometric
pressure and partial pressure of oxygen decreases. The barometric
pressure at sea level is 760 mmHg and 370 mmHg at 5791 m.® Hypo-
baric hypoxemia in high altitude is caused by low air pressure which
decreases partial oxygen pressure. This make it difficult for oxygen to
diffuse in to the pulmonary capillaries although the proportion of
oxygen in the air remains the same.’ Estimated partial oxygen pressure
is 90-100 mmHg in sea level while it is 65-80 mmHgat 1610 m,
45-70 mmHg at 2440 m, 42-53 mmHgat 3660 m and < 50 mmHg at
5300m.'? These environmental changes may trigger a series of phy-
siological responses including respiratory alkalosis which develops due
to higher alveolar paO, and lower alveolar paCO, caused by increased
minute ventilation, higher red blood cell aggregation and hematocrit
levels, increased cerebral blood flow to compensate for the reduced
arterial oxygen content.>''? This stressful situation is accompanied by
specific adaptations, which depend on the level of altitude and duration
of exposure.'*'® In case of inadequate acclimatization, cerebral and
pulmonary edema may develop consequently due to overperfusion of
the microvascular beds, elevated hydrostatic capillary pressure and
leakage in both the blood-brain barrier and blood-gas barrier in the
lungs.'®'® The individual's adaptation capacity to hypobaric hypoxia
which is termed as acclimatization lasting from hours to weeks, de-
pends on both the magnitude and the rate of onset of hypoxia.?

In high altitude, cardiac output and systemic blood pressure were
increased due to increased sympathetic nervous tone. After a few days,
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cardiac output decreases due to diuresis which is also defined as high
altitude diuresis so that maximum oxygen delivery to the tissues re-
duces.’

3. Definitions and clinic aspects

The severity of high-altitude illness can range from nonspecific
symptoms to life-threatening illness and it may develop at any time
following ascent to elevation. Although it is partly easy to diagnose
HACE and HAPE, diagnosis of AMS is a bit compelling. AMS which is
the most common form of HAI, is a non-fatal condition while HACE and
HAPE are serious diseases which will progress to death in hours to days
if not diagnosed and treated properly.®

3.1. Acute mountain sickness

The clinical features of AMS may be so occult that it may either be
underestimated, or the symptoms of the patient may be attributed to
AMS, although they may inadvertently belong to another disease. Most
common symptoms are headache, nausea/vomiting, light-headedness,
insomnia, and fatigue.”'” According to The Lake Louise AMS score
which was developed in 1993 and revised in 2018, if the individual had
at least 1 point for headache and at least 3 points in total of four
symptoms (headache, gastrointestinal symptoms, fatigue and/or
weakness, dizziness/light headedness) and had no neurological findings
then AMS can be diagnosed. It is suggested to apply this score for the
individuals who gained altitude and exposed to hypoxia at least 6 h
duration. Although some authors suggest different thresholds, the au-
thors of The Lake Louise AMS score classified AMS severity according to
the total score as 3-5 mild, 6-9 moderate and 10-12 severe AMS,'®
(Table 1).

3.2. High-altitude cerebral edema

Many authors accept HACE as an extreme form of AMS. Ataxia and
altered mental status are the classic findings of HACE in which the
patients usually suffer from preceding other forms of HAL'® Medical
Society Practice Guidelines for the Prevention and Treatment of Acute Al-
titude Illness: 2014 Update defined HACE as worsening symptoms seen in
moderate-severe AMS with any of following neurological findings;
ataxia, severe lassitude, alter mental status and encephalopathy.’

3.3. High-altitude pulmonary edema
This is the most mortal form of HAI and defined as noncardiogenic

Table 1

2018 Lake Louise acute mountain sickness score.'®

Headache

0—None at all

1—A mild headache

2—Moderate headache

3—Severe headache, incapacitating
Gastrointestinal symptoms

0—Good appetite

1—Poor appetite or nausea

2—Moderate nausea or vomiting

3—Severe nausea and vomiting, incapacitating
Fatigue and/or weakness

0—Not tired or weak

1—Mild fatigue/weakness

2—Moderate fatigue/weakness

3—Severe fatigue/weakness, incapacitating
Dizziness/light-headedness

0—No dizziness/light-headedness

1—Mild dizziness/light-headedness

2—Moderate dizziness/light-headedness

3—Severe dizziness/light-headedness, incapacitating

122

Turkish Journal of Emergency Medicine 19 (2019) 121-126

(left ventricular function is preserved) pulmonary edema caused by
pulmonary blood-gas barrier leak in the lung. Decreased exercise per-
formance and dry cough are the earliest symptoms of HAPE. As HAPE
progresses, tachycardia, tachypnea, lassitude, productive cough and
cyanosis worsen and eventually coma develop. Electrocardiography
may reveal findings of right heart strain. Chest radiographs typically
show patchy lung infiltrates with normal heart size and absence of these
infiltrates suggest alternative diagnosis.'® Typically, partial pressure of
arterial oxygen is measured about 30-40 mmHg."®

4. Prevention

Although prevention strategies have favorable results, they don't
guarantee prevention in all individuals because everyone's response to
high altitude varies. As pathophysiology of AMS and HACE is similar,
most authors recommend joint management of the AMS and HACE, but
separately managing the HAPE. Therefore, in the prevention section of
this review, AMS and HACE was discussed under same headings while
HAPE was not.

4.1. Prevention of acute mountain sickness and high-altitude cerebral
edema

4.1.1. Gradual ascent and preacclimatisation

Preventing the occurrence of HAI should be a priority over treat-
ment. Gradual ascent is the best prevention strategy to prevent all forms
of HAI. As the major risk factors for HAI is the absolute change in al-
titude and rate of ascent, gradual ascent gives sufficient time to develop
an adequate degree of altitude acclimatization.”»”'®2° Beidleman et all
reported that staging at 2200 m for 6 days before ascending to 4300 m
reduced the incidence and severity of AMS.>' Although a 2019 Co-
chrane review reported that the effect of preacclimatisation strategies
on improving the risk of AMS as uncertain, it is still sensible re-
commending gradual ascent according to the results of the studies and
extensive clinical experiences.”” Travelers are recommended to spend
6-7 days at moderate altitude like 2200-3000m before proceeding
higher altitude. This is necessary only if the individual plans ascending
to > 2500 m.>"»** 1t is also recommended for the travelers ascending
above 3000 m not to increase sleeping elevation by more than 500 m
daily." 1t should never be forgotten that proceeding to higher sleeping
altitude is never recommended when an individual had symptoms of
HAIL

4.1.2. Modifying the risk factors specific to individual

Risk factors specific to individual was not well defined, so the pre-
vention strategies are not mostly based on them but on gradual ascent
and medical prophylaxis. Only a few studies defined those risk factors
for not acute but chronic mountain sickness (CMS) which is seen
especially in Andean population: modifying smoking, obesity and lung
diseases.” Although there is not enough evidence on this subject, we
believe that these risk factors may also raise the risk of HAI due to
similar psychopathological processes and so the recommendations for
CMS can be applied to any forms of HAIL

4.1.3. Pharmacologic strategies

Prophylactic medications are not recommended for the individuals
with low risk (ascending < 2500 m and with no known history of HAI)
but for the ones with moderate to high risk like known previous history
of HACE or HAPE and ascending to sleeping altitude (> 500 m/day)
above 2500 m or any individual ascending > 3000 m."'° As a general
acceptance, recommendations for AMS are also applicable to HACE.

4.1.4. Acetazolamide

Acetazolamide is the main medical agent for prevention of both
AMS and HACE. Many reviews and studies comparing acetazolamide
with placebo reported that acetazolamide is an effective in prevention
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of acute HAL"“>*?*> Meta-analysis conducted by Low showed that
acetazolamide at all doses (250, 500 or 750 m daily) is effective to
prevent AMS when compared to placebo”® and 250 mg daily is reported
as the lowest effective dose. In the Cochrane systematic review of 16
trials with 2301 participants and moderate quality, it was reported that
risk of AMS was reduced by almost half with acetazolamide.® Although
a recent study reported that 125 mg daily dose is noninferior to 250 mg,
it is needed further studies for dosage lowering. It is strongly re-
commended acetazolamide starting the day before ascent at a dosage of
125mg every 12h (250 mg daily and 2.5mg/kg for children) until
descent is initiated.””-*®

4.1.5. Dexamethasone

In comparison, dexamethasone is not inferior to acetazolamide, and
has even been shown to be superior to some randomized controlled
studies.>**° However, acetazolamide is the commonly suggested as first
line medical agent for AMS prevention because of having better side
effect profile and being more investigated by a large number of studies.
Dexamethasone can be a very good alternative agent and be considered
for persons who cannot tolerate acetazolamide. Preferred dose for
dexamethasone is 2 mg every 6 h or 4 mg every 12h.'° Dexamethasone
should be stopped when descent once initiated and never be use more
than 7 days given the risk of adrenal suppression.” Some authors re-
commend acetazolamide and dexamethasone combined therapy for the
individuals like military or rescue personals who had to ascend ra-
pidly > 3500 m."

4.1.6. Ibuprofen

Recent studies showed that ibuprofen may be a good alternative for
AMS prevention. Although the study results revealed that ibuprofen
was effective when compared to placebo, the result of the ones com-
paring to acetazolamide are contradictory.>*~>® Considering the serious
side effects such as gastrointestinal bleeding, it makes sense to use
ibuprofen (1800 mg daily) when the individual cannot tolerate both
acetazolamide and dexamethasone.

4.1.7. Other options

There some other alternatives for prevention of AMS like budeso-
nide, ginkgo biloba, chewed coca leaves and acetaminophen. As the
current literature has either insufficient or low quality evidence for
these options or the results are conflicting, there is a need for more
detailed and quality studies on these drugs, but then we can decide if
they are good alternatives.>*>°® Their routine use for prevention of AMS
and HACE is not recommended.

4.2. Prevention of high-altitude pulmonary edema

4.2.1. Gradual ascent and preacclimatisation

Results of the study conducted by Baggish support suggesting gra-
dual ascent for the prevention of HAPE with the same recommendations
for prevention of AMS and HACE. It was investigated whether gradual
ascent, some authors define as staged ascent, effects pulmonary arterial
pressure (PAP). They showed that if direct ascent was performed, PAP
was significantly increased and this was also found to be negatively
correlated with both SaO, and PaO, levels. When staged ascent was
performed (7 days at moderate altitude), PAP was slightly increased
and this result was not correlated with either SaO, or Pa0,.%* Despite
the low quality evidences, gradual ascent still seems to be the most
effective prevention recommendation not only for HAPE but also for all
forms of HAL

4.2.2. Pharmacologic strategies

Prophylactic medications are not routinely recommended for pre-
vention of HAPE. The only indication is known previous HAPE history,
especially multiple episodes."
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4.2.3. Nifedipine

Nifedipine, a calcium channel blocker, is the most effective medi-
cation in prevention of HAPE. It reduces pulmonary vascular resistance,
leading to a reduction of the pulmonary hypertension.>” A randomized
placebo-controlled study reported that nifedipine is effective in low-
ering pulmonary-artery pressure and preventing HAPE without sig-
nificant hypotension.>® Prophylaxis should be started 24 h before ascent
and recommended dose is 20 mg of a slow-release preparation every
8h.

4.2.4. Tadalafil

Tadalafil seems to be effective in preventing HAPE while it's known
that it is not effective for AMS.>® Furthermore, tadalafil and sildenafil
may exacerbate AMS by an unknown mechanism.*® 10 mg of tadalafil
every 12h may be alternative when the traveler is intolerant to nife-
dipine.

4.2.5. Dexamethasone

Although it was reported by a randomized placebo-controlled trial
that 8 mg of dexamethasone every 12h was effective in prevention of
HAPE, we have limited clinical experience and insufficient data to
suggest this medication as a first line choice.?* Dexamethasone is in-
dicated for HAPE prevention only when nifedipine and tadalafil cannot
be used.

4.2.6. Other options

As clinical experience and data about effectiveness of salmeterol is
limited, it is not recommended for HAPE prevention.' Acetazolamide
may play a role in HAPE prophylaxis, but the evidences supporting its
efficiency are insufficient. Since acetazolamide is the most effective
medication in prevention of AMS and HACE, despite its not being in-
dicated for HAPE prevention, it should be considered as the first drug of
choice in individuals having risk for HAI

5. Treatment

As defined above, the most important stage of treatment in all forms
of HAI is prevention. The evidence behind the current treatment op-
tions and their effectiveness are limited. The medical supplies and
equipment are not sufficient for the management. Therefore, in most
cases, immediate descent is the best and the only treatment option,
especially for HACE and HAPE. Other medical and pharmacological
interventions should be considered as the first line only when im-
mediate descent is not possible. Unlike prevention section, the treat-
ment of all forms of HAI will be discussed separately.

5.1. Treatment of acute mountain sickness

When AMS is suspected or diagnosed, ascent should be stopped
immediately. Then, severity of AMS based on the symptoms, whether
they are progressive or not, should be assessed by physical examination.
The treatment options, after the diagnosis is confirmed, are as follows;

5.1.1. Descent

As stated above, immediate descent (300-1000 m) is the best and
the first option of treatment for the majority of HAL. However, for AMS
patients, descent decision can be delayed until the response to the in-
itial symptomatic treatments and other management options are as-
sessed. Patients who do not respond to initial treatment should be
descended 300-1000 m or until the symptoms resolve.'-*'°

5.1.2. Symptomatic treatment

Majority of the patients with mild AMS can be treated by resting and
symptomatic treatment options such as; non-opiate analgesic agents for
headache, anti-emetics for gastrointestinal symptoms.> Ibuprofen
(600 mg) and acetaminophen (650-1000mg) are two unique non-
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opioid agents that were shown effective in AMS with randomized
controlled studies.*™** Although there are no controlled studies for
antiemetics, experienced authors suggest oral ondansetron tablets
(4mg every 4-6h) for treatment of nausea and vomiting in patients
with AMS."°

5.1.3. Acetazolamide

Although multiple trials have proved the effectivity of acet-
azolamide in prevention of AMS, there is only one small study that
evaluated role of acetazolamide as a treatment option."*®> According to
this study, 250 mg acetazolamide given at baseline and at 8 h was su-
perior to placebo in treatment of AMS. Therefore, some authors suggest
that 250 mg acetazolamide twice daily can be considered for patients
who do not respond to symptomatic treatment.’”

5.1.4. Dexamethasone

Dexamethasone is the most studied pharmacological agent and it is
shown to be the most effective medication for treatment of AMS.
Nevertheless, it should be noted that the evidence is based on studies
which are conducted with very small sample sizes. According to the
results of three controlled studies, 8 mg loading dose, followed by 4 mg
every 6h (oral, intramuscular, or intravenous) is more effective than
placebo in treatment of AMS.***® Even though there are no studies
which combined acetazolamide and dexamethasone for the treatment,
some authors suggest that combined therapy can be considered, espe-
cially in moderate-severe AMS patients.

5.1.5. Supplemental oxygen

No studies assessed the role of supplement oxygen therapy in AMS
patients, but it is broadly accepted that oxygen delivered at low flow
rates is helpful to reduce symptoms in AMS, on the basis of extensive
clinical experience. Therefore, some authors recommend that supple-
mental oxygen can be given to raise oxygen saturation > 90% or to
resolve symptoms.'®

5.2. Treatment of high-altitude cerebral edema

5.2.1. Descent

Descent is the main treatment option in patients with HACE, and the
descent decision should be made as soon as possible. Descent altitude
should be 300-1000 m or to a level where the patient is asymptomatic.
Other treatment options should never delay descent and only be con-
sidered when descent is not possible or is delayed.

5.2.2. Supplemental oxygen

Although there are no studies that evaluated the role of supplement
oxygen therapy in HACE patients, many authors recommend that sup-
plemental oxygen can be given to raise oxygen saturation > 90% or to
resolve symptoms based on clinical experience."*°

5.2.3. Portable hyperbaric chambers

Limited number of clinical trials and case reports have shown that
portable hyperbaric chambers are effective alternatives of treatment
when descent is not possible or is delayed.””~*° To improve symptoms,
patients have to stay in the chamber for long hours, and this long period
of time can cause several problems in some cases such as; vomiting,
voiding, communication difficulties, and claustrophobia.’® In addition,
rescuers should be aware that the symptoms can recur after the hy-
perbaric treatment is terminated.””

5.2.4. Dexamethasone

Although there are several trials focused on the role of dex-
amethasone in AMS patients, no study is focused on its effects in HACE
patients. However, some authors suggest that 8 mg loading dose, fol-
lowed by 4mg every 6h (intravenous or intramuscular) should be
added to treatment based on clinical experience.'"*
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5.2.5. Acetazolamide

The role of acetazolamide in the treatment of AMS is based on one
small study and there are no studies about its effectivity in HACE pa-
tients.**> Therefore, routine administration of acetazolamide is not re-
commended.

5.2.6. Other treatment options

Routine administration of diuretics, mannitol, hypertonic saline are
not recommended in management of patients with HACE, since the
there are no studies on this subject. Non-steroidal analgesic agents such
as acetaminophen (650-1000 mg) or ibuprofen (600 mg) have no effect
on the pathophysiology of HACE, but they can be administered to re-
lieve headache related to high altitude.

5.3. Treatment of high-altitude pulmonary edema

5.3.1. Descent

As in other forms of high-altitude illness, a descent of at least
1000 m is the best and the most certain treatment option in HAPE.
However, in fully conscious patients with mild-moderate HAPE, or
when descent is not possible, supplemental oxygen, portable hyperbaric
chambers and pulmonary vasodilator agents (nifedipine and phospho-
diesterase-5 inhibitors) may be helpful to resolve the symptoms. It
should be noted that most of the treatment options in HAPE patients are
mainly based on case series, a small number of observational studies
and randomized controlled studies. Generally, the main reason of using
these treatment options is based on the convincing physiologic effect
mechanisms of these agents and clinical experience.

5.3.2. Supplemental oxygen

One randomized clinical trial and one case-control study showed
that supplemental oxygen treatment at low flow rates with bed rest is
an effective alternative of descent.”’>? Therefore, along with bed rest,
use of supplemental oxygen to maintain an oxygen saturation level
above 90% is recommended to resolve the symptoms."'°

5.3.3. Portable hyperbaric chambers

Evidence of using portable hyperbaric chambers in treatment is
based on only case reports.>®> However, chambers may be considered
when descent is impossible and supplement oxygen is not available.
Similar to the indications of AMS and HACE, to improve symptoms,
patients have to stay long hours in the chamber, and they may ex-
perience several problems related to the treatment.”'°

5.3.4. Continuous positive airway pressure

As the evidence behind portable hyperbaric chambers, re-
commendations about continuous positive airway pressure (CPAP) is
based on case series.”*>> Because of several technical or patient-related
problems, it is suggested that CPAP should only be used when supple-
mental oxygen and other treatment agents (nifedipine and phospho-
diesterase-5 inhibitors) are not available, or as a secondary line of
treatment option in patients whose symptoms fail to resolve with sup-
plemental oxygen alone.’

5.3.5. Nifedipine

Although one non-randomized, experimental study showed that
nifedipine may be helpful for treatment of HAPE,>® a case-control study
and another randomized controlled study in more recent years, showed
that nifedipine with supplemental oxygen was not superior to treatment
with supplemental oxygen only.°**” However, based on clinical ex-
perience, 30 mg nifedipine twice daily is suggested when oxygen is not
available and descent is not possible.'’

5.3.6. Phosphodiesterase-5 inhibitors
Similarly, there is convincing physiologic rationale for the use of
phosphodiesterase-5 inhibitors in treatment of HAPE. The evidence on
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this topic is limited with only case series.”®°° However, these agents are
used commonly by physicians, and some authors suggest that 10 mg
tadalafil or 50 mg sildenafil may be used when descent is not possible,
oxygen/portable hyperbaric chambers and nifedipine are not avail-
able."*°

5.3.7. Acetazolamide

Although there are case reports that recommend the use of acet-
azolamide for treatment, there is no systematic study that evaluated the
role of acetazolamide in treatment of HAPE.*®°° Therefore, routine
administration of acetazolamide is not recommended due to the po-
tential problems caused by diuretic effects such as hypotension.'*'°

5.3.8. Dexamethasone

The effectivity of dexamethasone in prevention of HAPE is well
established with several trials, but the evidence on its use in treatment
of HAPE is very limited.”®®® In addition, one randomized controlled
study showed that use of dexamethasone with supplemental oxygen
was not superior to treatment with supplemental oxygen only.>>
Therefore, routine administration of dexamethasone is not re-
commended by guidelines.’*'°

5.3.9. Beta-agonists and diuretics

Some case reports suggest the use of salmeterol and diuretics but
there are no systematic studies that evaluated their role in treatment of
HAPE.*®®! Therefore, routine administration of beta-agonist and
diuretics is not recommended by guidelines."*"'°
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