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Abstract

High altitude pulmonary edema (HAPE) is a form of pulmonary edema following a rapid exposure to high altitudes over 2,500
meters (m). HAPE is essentially due to a persistent imbalance between the forces that drive water into the airspace and the
biologic mechanisms for its removal. As pulmonary edema progresses, cough becomes aggravated and breathlessness is felt
even at rest. Acute respiratory failure and gurgling sounds from the chest indicate advanced cases. The most effective and
reliable treatment is immediate descent and/or adequate flow supplemental oxygen to maintain arterial saturation above
90%, accompanied by rest from strenuous physical activity. This pathological condition ca be extremely dangerous and, some
cases, fatal. In presence of predisposing factors, HAPE can also occur at moderate altitudes. We based our work on two cases

which we observed in our Unit.
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Introduction

High altitude pulmonary edema (HAPE) is a non-
cardiogenic form of pulmonary edema [1], that develops in
susceptible individuals following their rapid exposure to
high altitudes over 2,500 m [2]. High altitude is arbitrarily
classified as high (1,500 to 3,500 m), very high (3,500 to
5,500 m), and extreme (above 5,500 m) [3]. The symptoms
of HAPE are characterized early by cough, progressive
dyspnea with exertion, decreased exercise tolerance and
elevated body temperature (generally not exceeding 38.5°
C), usually developing within two to four days after arrival
at high altitude [4]. As pulmonary edema progresses, cough
gets worse and worse and breathlessness appears even at
rest. Chest gurgling sounds and pink frothy sputum along
with cyanosis indicates advanced cases. Arterial blood gas
measurements show hypoxemia and respiratory failure [5]
and it is possible to find flocculent shadows on chest X-ray
[6]. In advanced cases, HAPE may be associated with high
altitude cerebral edema, characterized by swelling of brain
tissue due to fluid leakage, and it shows symptoms as ataxia
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and decreased levels of consciousness. Studies have shown
that the hypoxic environment at high altitudes impairs
physical performance, sleep, and mental performance [7].
Two populations are affected by HAPE. The first involves
well-acclimatized alpine residents returning from low
altitudes (re-entry HAPE) and the second involves rapids
ascent of unacclimatized lowlanders. Altitude, ascent rate
and individual susceptibility are the major determinants of
HAPE [8]. HAPE is rare after one week of acclimatization ata
particularaltitude [9]. This conditionis based on physiological
adaptations to high altitude, as polycythemia (which helps to
increase oxygen carrying capacity of blood), hyperventilation
(increasing alveolar ventilation), acid-base changes (renal
excretion of bicarbonate to oppose the respiratory alkalosis)
[10]. In a general alpine mountaineering population, the
prevalence of HAPE was < 0.2% [11] and the incidence of
HAPE among Himalayan trekkers and climbers in the Alps is
around 4% depending on the rate of ascent [12]. Our hospital
is in northern Italy, about 260 m, surrounded by the Alps and
Dolomites with altitudes ranging to 3,905 m. During the year,
seven million tourists come to play sports and spend their
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holidays in our region [13]. Many of them are “lowlanders”
(natives from areas at sea level) and do not always have the
opportunity or awareness to perform proper acclimatization.
Here we describe the development of two patients affected
by HAPE which were skiing in Winter in our country.

Case description

Case 1: this patient was a 16-years-old boy, in good health
status. He started to feel breathless with dry cough and white
frothy sputum, while he was skiing on the Alps glaciers (from
2000 to 3220 m) in South Tyrol, Italy. He was transported
by helicopter into our hospital and during the flight he was
treated with intravenous solumedrol 500 mg. Upon arrival
in the Emergency Room, a blood gas analysis (BGA) was
performed that showed acute respiratory failure (pO, 47
mmHg, pCO, 29 mmHg, pH 7.43, Fi0, 21%). Blood analysis
revealed D-dimer 464 ng/ml, Procalcitonin 0,16, WBC 26.61

x1000/pl, RCP 1,85 mg/dL. A Chest-X-ray documented
multiple bilateral parenchymal thickenings (Figure 1A).
He was admitted in Intensive Care Unit (ICU), subjected to
Thorax CT, which documented several bilateral parenchymal
opacities bilateral of uncertain nature with asymmetrical
and heterogeneous distribution (Figure 2A-2C), increased
pulmonary artery caliber compatible with pulmonary
hypertension (Figure 2D), no signs of pulmonary embolism.
During the hospitalization in ICU patient underwent non-
invasive ventilation (NIV) for few hours and he got rapidly
better. After 24 hours the patient was admitted in our
Respiratory Intensive Care Unit (RICU). Patient underwent
echocardiography that documented moderate pulmonary
hypertension, a normal biventricular systolic function,
not evidence of vegetations. Autoimmune screening and
microbiological tests (blood culture, molecular screening of
respiratory viruses) were performed and resulted negative.
Patient received oxygen and steroids (methylprednisolone).

Figure 1: Patient 1. A) Chest-X-ray performed in Emergency Room. B) Chest X-ray before discharge.

Figure 2: Patient 1. A), B), C): parenchymal opacities. D): increase of pulmonary artery caliber.
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The subsequent radiographs documented the progressive
disappearance of pulmonary thickenings (Figure 1B),
and a new echocardiography had also documented the
normalization of pulmonary pressure. The BGA documented
the perfect normalization of the gas exchanges (pH 7.43,
p0,117 mmHg, pCO, 35 mmHg, HCO,* 23 mmol/], SpO,
99%). We discharged the patient without therapy, with the
recommendation of observing a rest period of 10 days. We
recommended further not to reach high altitude level (above
1,000 m) without a period of progressive acclimatization (for
example 500 m per day).

Case 2: the patient was a 47-years-old man, in good health
status, no smoker. After 2 days spentin Dolomites (from 2,835
m to 3,269 m), the patient reported dyspnea and headache.
During the night, he developed dry cough and hemoptysis. He

was transported to ICU in our Hospital, where he undergone
blood analysis (WBC 14.55 x1000/ul, D-dimer 0.42 mg/l,
CRP 1.31 mg/dl, BNP 878 pg/dl), Chest X-ray (Figure 3A) and
BGA that showed acute respiratory failure. Echocardiography
demonstrated pulmonary hypertension (PAPs 70 mmHg)
and CT-Thorax scan bilateral “ground-glass” thickenings
(Figure 4A-4C), pulmonary artery enlargement (Figure 4D).
Autoantibodies, blood cultures and molecular screening of
respiratory viruses were negative. Oxygen therapy improved
dyspnea and new blood analysis showed decreased BNP.
After patient had been admitted in our RICU, he was treated
with oxygen, oral corticosteroids, and antibiotics, with a rapid
resolution of symptoms. The subsequent echocardiography
showed a reduction of PAPs (39 mmHg). After three days
Chest-X-ray was negative (Figure 3B) and the patient was
discharged in good health status.

-

Figure 3: Patient 2. A) Chest-X-ray performed in ICU. B) Chest X-ray performed before discharge.

artery caliber.

Figure 4: Patient 2. A), B), C): bilateral parenchymal opacities and “ground-glass” thickenings. D): increase of pulmonary
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Discussion

HAPEisessentially duetoapersistentimbalance between
the forces that drive water into the airspace and the biologic
mechanisms for its removal [14]. Hypoxia is the trigger
that results in a complex cascade of events leading to HAPE
[15]. The hallmark of this condition is hypoxic pulmonary
vasoconstriction that exposes pulmonary capillaries to a
high pressure, damaging their walls and leading to a high-
permeability form of edema [16]. The hydrostatic stress
causes dynamic changes in the permeability of the alveolar
capillary barrier and mechanical injurious damage leading to
leakage of large proteins erythrocytes into the alveolar spaces
in the absence of inflammation. Broncho-alveolar lavage and
hemodynamic pressure measurements in humans confirm
that elevated capillary pressure induces a high-permeability
non-inflammatory lung edema [17]. Exaggerated pulmonary
hypertension is hallmark of HAPE and several observations
indicate that it contributes to its pathogenesis [18].

Susceptible individuals exhibit a marked rise in
pulmonary arterial pressure on exposure to hypoxiamediated
by pulmonary arteriolar vasoconstriction and a greater
rise in pulmonary arterial pressure on exercise in a normal
oxygen environment, indicating a hyperactive pulmonary
circulation [19]. Hypoxic pulmonary hypertension may be
mediated via at least three potential mechanisms: defective
pulmonary nitric oxide synthesis; exaggerated endothelin-1
synthesis; and exaggerated sympathetic activation. A defect
in alveolar transepithelial sodium transport has also been
suggested [20]. Nitric oxide and endothelin-1 are important
endothelial derived vasodilator and vasoconstrictor
mediators, respectively, in the pulmonary circulation. To
cause pulmonary edema, the elevated pulmonary artery
pressure has to be transmitted to the capillaries. To explain
this phenomenon, Scherrer U, et al. postulated that there
exist pulmonary regions where capillaries are not protected
by constricted resistance vessels. They demonstrated that
the inhalation of nitric oxide, which induced a significantly
greater reduction of the pulmonary-artery pressure in
HAPE-prone than HAPE-resistant subjects, redistributed
blood flow away from edematous regions of the lungs
and toward non-edematous regions. This suggests that
defective pulmonary endothelial nitric oxide synthesis
is one of the mechanisms contributing to exaggerated
hypoxic pulmonary hypertension in HAPE [20]. Talbot NB,
et al. demonstrated that in human’s endothelin-1 infusion
sufficient to raise circulating concentrations by tenfold
have no effect on hypoxic pulmonary vasoconstriction
after 2 hours. These data suggest that the early immediate
rise in pulmonary arterial pressure with hypoxia may not
be related to changes in circulating endothelin-1, but that
with longer hypoxic duration differences in endothelin-1
synthesis and/or clearance may become more important
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[21]. Cardiovascular adjustments to hypoxia are mediated,
at least in part, by the sympathetic nervous system. At high
altitude, HAPE-prone mountaineers display exaggerated
sympathetic activation that is directly related to exaggerated
hypoxic pulmonary hypertension [22]. Most importantly, the
sympathetic activation precedes the development of lung
edema, suggesting that exaggerated sympathetic activity
contributes to exaggerated hypoxic pulmonary hypertension
and pulmonary edema in HAPE-prone subjects [23].

The real challenge of these two cases was the diagnosis
of HEPA. It is generally based on medical history, exposure
at a consistent altitude, typical symptoms, and signs. These
illnesses can occur in young and healthy individuals within
the first few days of exposure to high altitude. In addition,
high altitude may aggravate pre-existing illnesses or lead to
a first manifestation of an illness that was asymptomatic at
low altitude and therefore unknown [24]. Although we are
in a mountainous region, it's not usual for us to see such
HEPA cases, probably because our mountain’s altitude is not
so elevated as the one required to cause these disorders and
people remain briefly at potentially dangerous altitudes. On
the other hand, Gabry, et al. described a group of 52 patients,
admitted into Emergency department of a community
hospital in the French Alps, who acquired pulmonary edema
at a moderate altitude of 1,400 to 2,400 m. They suggested
that HAPE at moderate altitudes is more frequent than usually
reported [25]. Otherwise, Schommer, et al. demonstrated
that more intense physical activity associated with high
altitude training or mountaineering does not increase
prevalence or severity of AMS at these altitudes [26]. Other
authors suggested that pulmonary edema tends to occur at
lower altitudes when pulmonary circulation is abnormal:
thromboembolic pulmonary hypertension, anomalous
pulmonary venous drainage into the superior vena cava, and
unilateral pulmonary artery occlusion from granulomatous
mediastinitis [27-30].

Furthermore, many differential diagnoses can be
confused with HAPE. Pneumonia is the most frequent among
these diagnoses. Other conditions are pulmonary embolism,
acute heart failure, acute coronary syndrome, bronchitis, viral
upper respiratory tract infection, bronchospasm, reactive
airway disease, and exercise-associated hyponatremia
[31,32].

The history of the patients allowed us to exclude some
conditions (e.g. coronary syndrome). The patient had no
cardiological illness and they had good heart function after
the cardiological evaluation, thus helping to confirm that
the pulmonary edema was not the result of left ventricular
failure. Pulmonary hypertension reduced quickly too, with a
non-specific therapy (e.g. oxygen, N1V, diuretics). To achieve
the aim, we have done an exclusion diagnosis: first of all we
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have excluded in both patients the presence of respiratory
infections that could justify the clinical and radiological
signs. In fact, blood cultures were in normality range, only
the CRP and WBC in both patients were high. They had
not strong evidences of infection and the rapid clinical and
instrumental responses led us to different positions. The
clinical and radiological presentation of the cases guided us to
investigate the presence of any autoimmune conditions. The
auto-antibody pattern was also negative for both patients.

Nevertheless, the most important diagnostic tools of
HAPE are chest X-rays or CT scan. HAPE presents usually
the following features: Chest X-rays findings including
decreased pulmonary transmittance, increased or obscure
lung markings, ground glass-like changes or patchy
shadows in the lung; Lung-CT findings including increased
and enlarged lung markings, ground glass-like changes,
nodule-like shadows, scattered or isolated alveolar edema
of terminal bronchioles and slim reticulate shadows [33].
Many acute lung diseases can occur with a prevailing pattern
of multiple lobular opacities. The most frequent causes are
infections (e.g. viral infections, pneumonia P, jirovecii or M.
pneumoniae); sometimes from pulmonary edema. Rarely
fat embolism syndrome in patients with polytrauma and
multiple bone fractures [34].

When we investigated deeper the history of the patients,
we have found two interesting news. Patient 1 suffered by a
mild cold for the past three days before the ICU admission
and Patient 2 said that he suffered in 2010 from a similar
episode (cough, dyspnea, headache), while he was near to
Stelvio mountain (3,000 m, Lombardia, Italy). In this case he
did not need to be taken to the hospital.

Children may be more susceptible to HAPE because
of increased vascular reactivity, immature control of
breathing, and increased frequency of respiratory illnesses
[35]. A high rate of preceding concurrent respiratory tract
infection (RTI) was found in children who developed HAPE
[36]. Moreover, upper respiratory symptoms have been
associated with the development of acute mountain sickness
(AMS) that includes headaches, vomiting, tiredness, trouble
sleeping, and dizziness. [37]. Cold can lead to an increase in
pulmonary intravascular pressure and may contribute to
the development of AMS [38,39]. Durmowicz, et al. showed
a strong association between the presence of a preexisting
illness and the development of HAPE in children visiting
high altitude and also, but to a lesser extent, in adults. They
suggested that though these illnesses with their subsequent
release of inflammatory mediators may cause only mild
discomfort at sea level. Instead, when superimposed on
exposure to high altitude and perhaps exercise, a previous
subclinical increase in capillary permeability may now
predispose the child visiting high altitude to HAPE [40]. It
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is conceivable that any process enhancing the permeability
of the alveolar-capillary barrier decreases the pulmonary
capillary pressure threshold above which pulmonary edema
develops [12]. Eichstead, et al. recently identified for the
first time likely pathogenic variants in genes related to
pulmonary arterial hypertension signaling pathways in
HAPE susceptible mountaineers and in a HAPE susceptible
family. These variants might be related to HAPE development
indicating that HAPE susceptibility might be genetically
determined at least in some subjects and could be inherited
[41].

History of AMS is the most significant risk factor and best
predictor of HEPA [42]. The risk is further increased among
persons with ahistory ofhigh-altitude pulmonaryedema (e.g.,
the risk of recurrence is 60% among persons who ascend to
4,500 min 2 days) [43]. A prior history of HAPE is a significant
predisposing factor rendering an individual HAP susceptible
and persons with a prior episode of high-altitude pulmonary
edema may have a risk of recurrence as high as 60% if they
abruptly ascend to an altitude of 4559 meters [44]. These
persons are healthy but have a reduced ventilatory response
to hypoxia [45,46] and an exaggerated pulmonary pressor
response to hypoxia and exercise [47,48]. Although there is
no simple method of predicting the risk of recurrence, high-
altitude illness will generally recur in susceptible individuals
during subsequent exposure to the same altitude at a similar
ascent rate. Conversely, persons who tolerate a high altitude
without symptoms will usually not experience symptoms
on return visits to the same altitude at a similar ascent rate
[49,50]. Honigman B, et al. demonstrated that the strongest
predictors for the development of AMS were permanent
residence below 3,000 feet (ca. 914 m) and a history of AMS
during previous altitude ascent [51].

Conclusion

The cases presented here describe the rapid
development of pulmonary edema at moderate altitudes in
two healthy patients, who had arapid and complete response
to medical therapy. The diagnosis of typical HAPE is based on
medical history, permanence at a consistent altitude, typical
symptoms (cough, progressive dyspnea with exertion,
decreased exercise tolerance, fever) and signs (chest X-ray
and CT Thorax findings, respiratory failure). Factors that
increase the incidence of HAPE include a prior history of
HAPE, faster rates of ascent, higher altitudes, male sex, cold
ambient temperatures, preexisting respiratory infection,
and intense exercise. An accurate collection of the patient’s
previous clinical history allows the diagnosis to arrive earlier.
The disease has a favorable prognosis. It requires simple
treatment and a short hospital stay.

Our cases confirm that the predisposing factors for
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HAPE contribute to the development of the disease even at
moderate altitudes.
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