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Abstract 
Introduction: Patients with pulmonary edema in COVID-19 and patients with high altitude pulmonary 
edema (HAPE) have many similarities in their history, clinical examination and CT-scans. It is unclear, 
whether pathophysiologic ways and management are similar despite different etiology and what are the 
differences in respiratory rehabilitation of both groups. Methods: Literature overview and analysis of 
data from renowned textbooks on mountain medicine and Pubmed publications on COVID-19 have been 
performed. Results: The reason of pulmonary edema in COVID-19 is in greater permeability of the 
alveolocapilary membrane. This is due to cytokine (inflammatory) response to virus SaRS-CoV-2 infection. 
Pulmonary edema in HAPE however, develops as a consequence of acute hypertension in pulmonary 
artery, which is a consequence of hypoxic pulmonary vasoconstriction due to hypobaric hypoxia at high 
altitude. In HAPE the drugs can turn the patients` lung function to normal within hours/days. In COVID-
19, the lung function improves very slowly within weeks/months. Conclusions: According to analysis of 
published papers, there is no relevant data about pathophysiological similarities of pulmonary edema in 
HAPE and COVID-19. On the contrary, in HAPE hypoxia is the cause and in COVID-19 hypoxia is the 
consequence. In the times of COVID-19 pandemic, the possible COVID-19-etiology of pulmonary edema 
in high altitudes should be considered and excluded. Pulmonary rehabilitation in patients after HAPE is 
fast and not needed on long term. Pulmonary rehabilitation in COVID-19 survivors takes much more time, 
but improves respiratory function. Key words: High altitude pulmonary edema, COVID-19, SaRS-CoV-2, 
respiratory physiotherapy. 
 

Pljučni edem pri boleznih kovid-19 bolesnikih in bolnikih z visoko nadmornimi 
pulmonarnim edemom (hape) – ali obstojajo podobnost v patofiziologiji, 
zdravljenju in rehabilitaciji dihal? 
 
Povzetek  
Uvod: Pljučni edem (HAPE) ima veliko podobnosti v svoji zgodovini, kliničnem pregledu in CT-preiskavah. 
Ni jasno, ali so si patofiziološki načini in zdravljenje podobni kljub različni etiologiji in kakšne so razlike v 
rehabilitaciji dihal obeh skupin. Metode: Opravljen je bil pregled literature in analiza podatkov iz 
priznanih učbenikov gorske medicine in objavljenih publikacij o COVID-19. Rezultati: Razlog za pljučni 
edem pri COVID-19 je v večji prepustnosti alveolokapilarne membrane. To je posledica citokinskega 
(vnetnega) odziva na okužbo z virusom SaRS-CoV-2. Pljučni edem pri HAPE pa se razvije kot posledica 
akutne hipertenzije v pljučni arteriji, ki je posledica hipoksične pljučne vazokonstrikcije zaradi hipobarične 
hipoksije na visoki nadmorski višini. Zdravila HAPE lahko v urah / dneh normalizirajo delovanje pljuč pri 
bolnikih. Pri zdravilu COVID-19 se pljučna funkcija v tednih / mesecih zelo počasi izboljšuje. Zaključki: 
Glede na analizo objavljenih člankov ni ustreznih podatkov o patofizioloških podobnostih pljučnega 
edema pri HAPE in COVID-19. Nasprotno, pri HAPE je vzrok hipoksija, pri COVID-19 pa hipoksija. V času 
pandemije COVID-19 je treba preučiti in izključiti morebitno etiologijo pljučnega edema v velikih 
nadmorskih višinah. Pljučna rehabilitacija pri bolnikih po HAPE je hitra in dolgoročno ni potrebna. Pljučna 
rehabilitacija pri preživelih s COVID-19 traja veliko več časa, vendar izboljša dihalno funkcijo. Ključne 
besede: pljučni edem na visoki nadmorski višini, COVID-19, SaRS-CoV-2, dihalna fizioterapija 
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1. INTRODUCTION 
 
Since the COVID-19 pandemic has emerged in december 2019, the Sars-CoV2 virus became a cause of 
a new life-threatening disease. By the end of 2020, almost two million people died globally due to this 
infection and its complications and consequences (1). New diseases, especially life-threatening illnesses 
like COVID-19, may provoke new ideas for its management in order to help critically ill patients (2). 
Speculations additionally prosper due to numerous poorly relevant information from different reports 
and widespread social media (3, 4). To date, no specific causal therapy has been found for COVID-19, 
except some general antiviral drugs that help to reduce the virus load. Pulmonary edema is a potentially 
lethal condition in many diseases, including COVID-19 (5). One of the “logical” ideas could be using 
medications, efficient in pulmonary edema of other causes, in COVID-19 patients with pulmonary 
edema (6).  
High altitude pulmonary edema (HAPE), as defined today, is a critical form of high-altitude sickness (7).  
When recognized too late and not treated with proper medication, it can lead to death (8, 9). Some 
authors found parallels between HAPE and pulmonary edema in COVID-19 (10). Touting such an 
approach, as good as it might appear, it should be observed with utmost criticism (11). Luckily, many 
researchers are warning of simplified solutions without thorough scientific research and relevance of 
clinical data (11, 12).  
Respiratory rehabilitation after HAPE, that is properly treated, is usually fast and mostly spontaneous 
unless other co-morbidities are present (13). Respiratory physiotherapy in COVID-19 is probably needed 
to achieve respiratory improvement.  
 
2. METHODS 
 
In order to answer the question from the title, literature review of mountain medicine textbooks and 
PubMed database on COVID-19 pulmonary edema, HAPE and respiratory rehabilitation have been 
perfomed (72 hits).  
 
3. RESULTS 
 
Auerbach`s Textbook of Wilderness Medicine defines HAPE as a direct effect of elevated pulmonary 
artery pressure (PAP). Without high PAP, no HAPE diagnosis can be made (8). Elevated PAP is an 
organism response to hypobaric hypoxia and hypoxic vasoconstriction. Elevated plasma fluid 
permeability of the alveolocapilary membrane is observed, probably as a consequence of relative 
inactivity of sodium channels. This phenomenon is most distinctly described in individuals, who are more 
susceptible for HAPE (8). Last edition of West`s Textbook “High altitude medicine and Physiology” 
supports the thesis that every individual can suffer HAPE, but climbers with relative pulmonary 
hypertension get it more frequently and in more severe form (14). According to some data, climbers 
with HAPE-history, children and younger adults could be among them (15). The question, if HAPE 
susceptibility has a genetic predisposition, could be answered after report of nitric oxyde (NO) 
metabolism impairment (with PAP elevation) has been published (16). Official Handbook of the Swiss 
Alpine Club (SAC) citates same research, where higher alveolocapilary membrane permeability in HAPE 
is the direct effect of elevated PAP. A vicious circle cascade follows, which only can be stopped with 
descent to lower altitude, oxygen administration and proper medication (17).  
 



Main steps in the HAPE cascade are listed in Table 1. 

Main cause HIGH-ALTITUDE (HYPOBARIC) HYPOXIA 

Pathogenesis 1. Extreme hypoxic pulmonary vasoconstriction and 
elevated PAP (acute pulmonary hypertension). The 
phenomenon is not diffuse over the lung, but areas 
with greater vasonconstriction are described, leading 
to “patchy” pattern on lung x-ray. 

2. Elevated capillary pressure (pulmonary capillary 
hypertension).  

3. Pressure-induced elevated permeability of sodium 
channels in the alevolo-capilary membrane (“stress 
failure”). 

4. Slower resorbtion and excretion of alveolar fluid 
from the alveoli.  

Table 1 – Factors for the development of HAPE 
 
Pulmonary edema in COVID-19 is likewise triggered by elevated permeability of the alveolocapilary 
membrane. But this high permeability in COVID-19 is, unlike HAPE, an effect of cytokine reaction to virus 
infection. Hypoxia in COVID-19 is a consequence and not the cause (18). Inflammation is the main cause 
that effects in the destruction of surfactant and in the imbalance of ventilation/perfusion ratio (3, 4, 18, 
20). 
Some authors report, that there are similarities between HAPE and COVID-19 pulmonary edema. Both 
diseases, in its heaviest form, result in micro- and macrothrombi, that can additionally elevate the 
pressure in the pulmonary capillaries and result in higher permeability (2, 21). Other reports showed 
that pulmonary edema in COVID-19 might be an effect of impaired function of calcium channels (22).  
Summary of principal steps in the COVID-19 pulmonary edema cascade is listed in Table 2.  
 

Main cause VIRUS INFECTION AND INFLAMMATION 

Pathogenesis 1. Type 2-alveolar cells release inflammatory 
signals. 

2. Activation of macrofages. 

3. Release of cytokines and susequent 
vasodilatation; cell-packing within the 
alveolocapilary membrane, possibly formation of 
microthrombi. 

4.  Fluid accumulation within alveoli. 

5. Surfactant dilution and additionally higher 
membrane permeability results in more edema 
(vicious circle). 

Table 2 – Main factors for the development of COVID-19 pulmonary edema 
 
6. DISCUSSION 
 
HAPE appears as exacerbation of Acute Mountain Sickness, when climbers ascend too quickly to 
altitudes above 3000 meters. Hypoxia triggers a pathophysiologic cascade, which results in pulmonary 
edema. This edema is hydrostatic and non-cardiac, non-inflammatory (7). Hypobaric hypoxia triggers 
hypoxaemia and after manifestation of HAPE the hypoxaemia worsens. The main mechanism is hypoxic 
vasoconstriction, which can elevate systolic PAP from normal (18-25mmHg) to as high as 80-100 mmHg 
(23). A combination of descent, Gamow bag, drugs and oxygen given to a patient normally improve his 
condition rapidly and many patients are soon able to go to high altitude again, with some precautions 



concerning acclimatization (8, 9, 19, 24). An inflammatory component can exacerbate the initial clinical 
situation in HAPE, but this is rare and does not play a crucial role in the HAPE pathophysiology (24). 
Unless treated appropriately as described above, mortality rate in HAPE is high (8, 9). It can be at 11%, 
when treated appropriately and as high as 50%, when untreated (25). That’s why climbers remind of an 
old saying which defines “any respiratory illness at high altitude as mountain sickness (and/or HAPE), 
until we the opposite can be proven” (8, 9). Accordingly, to this proverb, in recent years, many cases of 
whooping cough on Mt. Kilimanjaro have been falsely treated with drugs for acute mountain sickness 
(13).   
In COVID-19, on the other side, pneumonia develops on day 5 or later after beginning of the symptoms.  
Pneumonia with its exacerbations is one of the main causes of death in this disease, especially in acute 
respiratory distress syndrom (ARDS), including inflammatory pulmonary edema (26). ARDS is present in 
60-70% of patients with complications after COVID-19 pneumonia (27).  Inflammatory reactions are thus 
the main cause for the pathophysiological cascade in COVID-19 and hypoxaemia is a result, not the 
trigger (18). Another important difference in COVID-19 pneumonia towards HAPE is impairment of other 
organs or organ systems like heart (cardiomyopathy), kidneys (nephropathy), coagulation balance and 
even central nervous system (28, 29); a phenomenon, which is not present in HAPE. Additionally, the 
course of COVID-19 disease is of prolonged duration, including weeks or even months of mechanical 
ventilation. Mortality rate in COVID-19 with pneumonia and its exacerbations is as high as 25% (6). While 
oxygen is one of the causal therapies in HAPE, it does not help to remove the cause of the disease in 
COVID-19. It can improve the hypoxaemia, but not the lung injury (30). Vasodilatative medication, used 
to improve the symptoms in HAPE, has no impact on COVID-19 pulmonary edema. Vasodilative drugs 
(nifedipine, sildenafil) can be even harmful, when used in COVID-19 (30, 31). Although HAPE and COVID-
19 are triggered by different mechanisms, differential diagnosis of both diseases is important, especially 
in the time of pandemic. It is possible, especially in middle- and high-altitude villages to diagnose COVID-
19 at high altitude (30).  
Respiratory rehabilitation after HAPE is usually short. HAPE patients are predominantly young males, 
exposed to hypobaric hypoxia at high altitude and without concomitant respiratory diseases (7, 8, 15, 
32).   Once they descend or are transported to lower altitude and treated with additional oxygen and 
medication, the symptoms improve or even dissapear. There are reports of alpinists summiting eight-
thousenders immediately after suffering HAPE on the same Himalayan expedition (32, 33).  
On the other hand, according to recent reports, respiratory physiotherapy plays a crucial role in the 
rehabilitation of these patients. COVID-19 patients with serious respiratory distress syndrome need 
prolonged respiratory support, physiotherapy and physical activity in order to achieve satisfactory 
respiratory function (34, 35, 36). Intensive respiratory physiotherapy in COVID-19 patients significantly 
improves their breathing status (37).  
 
7. CONCLUSIONS 
 
There is no evidence, that COVID-19 pneumonia and HAPE have similar pathophysiologic trigger 
mechanisms. In contrary, in HAPE, hypoxia is the cause and not only the consequence of the disease, as 
is the case in COVID-19. The main cause of COVID-19 is virus infection and inflammation reaction of the 
organism.  
Medication for HAPE is not only ineffective in COVID-19 patients, but can be potentially dangerous. 
However, it is not unprobable in the near future, to meet COVID-19 patients at middle and high 
altitudes. Respiratory rehabilitation should be well planned, organized and performed in COVID-19 
patients as it can importantly improve their respiratory capacity. 
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