REVIEW | EMERGENCY RESPONSE ORGANIZATION

https://doi.org/10.47183/mes.2026-449 (cc BY 4.0

FEATURES OF ESTABLISHING AND OPERATING A MEDICAL SERVICE M) Check for updates
AT REMOTE HIGH-ALTITUDE SITES: A REVIEW

Aibek A. Ashyrbaev'™, Svetlana R. Sirmbard?

"First President of Russia Boris Yeltsin Kyrgyz-Russian Slavic University, Bishkek, Kyrgyz Republic
2 Adam University, Bishkek, Kyrgyz Republic

Introduction. The development of a system for organizing health protection for workers at remote industrial sites (including high-altitude ones)
is a relevant priority for both the Russian Federation and the Kyrgyz Republic. Due to the absence of unified standards in the remote health-
care system, a priority is the analysis of principles and approaches in organizing an adequate and effective model of medical care delivery for
personnel in these industrial production sectors.

Objective. Analysis and synthesis of data on the organization of medical care at remote industrial sites (RIS) in extreme high-altitude conditions.
Discussion. Labor activity at RIS in high-altitude conditions involves the impact on workers’ health of extreme climatic and geographic factors, ad-
verse socio-psychological factors, as well as harmful and dangerous factors of the industrial environment, which necessitates the implementation of
a specialized medical support system for workers. Medical care for RIS workers may be provided by the company’s own medical service or by hired
medical service providers (outsourcing). In the Kyrgyz Republic, all mining enterprises have their own medical services. The medical service at a high-
altitude RIS consists of two units: the main medical station of the RIS (paramedic or physician-staffed) and a medical station at the central check-
point. A distinctive feature of the medical station’s work in high-altitude conditions is the high number of patient visits for acute mountain sickness
(AMS). For example, among shift workers at a mining enterprise in the Kyrgyz Republic at an altitude of 3800 m, the AMS incidence was 25%. The
main approaches to AMS preventing in the general worker population are altitude acclimatization, pharmacological support, rehydration, prevention
of electrolyte imbalances, protection against light-induced eye and skin damage, and prevention of cold injury. For further medical care provision to
workers with AMS, a two-stage evacuation system is used when the RIS is located at an altitude above 3500 m and at a significant distance from
populated areas, which involves establishing an intermediate medical station at an altitude of 17700-1800 m above sea level.

Conclusions. Medical support for shift workers in extreme high-altitude conditions is part of a developing field — remote healthcare. The issues
of organizing medical care at remote industrial sites in mountainous areas are relevant due to the intensive development of the mining industry in
the Kyrgyz Republic. The need is shown for special training of medical personnel in remote healthcare, improvement of the regulatory framework
governing the procedures and algorithms for providing medical care to RIS workers, in order to enable the construction of a new model of medi-
cal support that complies with unified standards of medical care, including through the introduction of telemedicine and mobile components.
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OCOBEHHOCTW CO30AHUSA U ®YHKLNOHNPOBAHUSA MEOULIMHCKOW CNY>KEbl
HA YOAJIEHHbIX OB bEKTAX B YCJIOBUAX BbICOKOIOPbsA: OB30P

A.A. Awbipbaes'™, C.P. Cupmbapn?

"Kbliprblacko-Poccuiickinin CnaBsHCKUIM YHUBEPCUTET UMeHN nepBoro MNpesmaeHTta Poccuinckon Pepepauyn B.H. EnbumHa, bulllikek,
Kbiprbiackas Pecnybnvka
2YHmBepcuTeT Afam, bulikek, Kbipreidackast Pecnybnvka

BBepeHune. Pa3BuTre cnucTeMbl opraHmM3aLimn oxpaHbl 300p0Bbs PABOTHMKOB YAaNeHHbIX MPOMbILLIEHHbIX 06 BEKTOB (B TOM YMCIE BbICOKO-
rOPHbIX) ABASETCA aKTyasbHbIM HanpasneHvem kak ans Poccurckon ®epepaunm, Tak 1 ons Kelpreidckon Pecnybnvku. Beugy oTcyTcTBUS
e[VHbIX CTaHAAPTOB B CUCTEME YAANEHHOrO 34PaBOOXPaHEHNS MPYOPUTETHBIM ABNSIETCS aHaM3 NPUHLMNOB 1 MOAXOA0B B OpraHmn3aumn
afeKBaTHOM 1 9 DEKTNBHOM MOOENM OKa3aHNS MEANLMHCKOM MOMOLLM MEePCOHany aTnx oTpaciien NpoMbILLIEHHOrO NMPOU3BOACTBA.
Llenb. AHann3 1 0606LeHne fgaHHbIX MO OpraHM3aLmn MeaULMHCKOM MOMOLLM Ha yaaneHHbIX MPOMbILLAeHHbIX 0bbekTax (YI10) B akcTpe-
MasbHbIX YCNOBUSIX BbICOKOrOpbSi.

O6cyxaeHune. TpyooBas AestenbHOCTb Ha YIO B yCNOBMSX BbICOKOrOPbs COMPOBOXAAETCS BMSIHMEM Ha 340POBbE PaboTatOLLMX IKC-
TpeMasbHbIX KNMMaToreorpapu4eckix, HebnaronpuaTHbIX COLManbHO-MCUXONOMMHECKIMX, a TakKe BPeOHbIX 1 OnacHbIX (hakTopoB Npoun3-
BOACTBEHHOW Cpefbl, YTO AMKTYET HEOOXOAMMOCTb BHEAPEHUst Cneuman3npoBaHHON CUCTEMbI MeAMLIMHCKOro obecrneveHnst paboTHUKOB.
MepguumHcKkast noMoLLb paboTHUKaM Ha YO MOXET okasbiBaTbCsl COOCTBEHHON MEOVLMHCKOM CRy>X601 KOMMAaHUM UV HaHSATbIMK NpoBai-
aepamu MeauLMHCKNX yenyr (aytcopceuHr). B Keiprbidckon Pecnybnnke Bce ropHOL0ObIBAIOLLIVE NPEANPUATUS UMEIOT COOCTBEHHbIE Mean-
LMHCKMe cny>x0bl. MeguumHekas cny>kba Ha YO B BbICOKOropbe COCTOUT U3 ABYX NoapasaeneHnii: rmaBHoro MeanUMHCKoro nyHkTa Yo
(denbaLuepckoro nnmn Bpa4ebHoOro) 1 MeQULIMHCKOrO MyHKTa Ha LIeHTPaibHOM KOHTPOSIBHO-MPOMYCKHOM MyHKTe. OCOB6EHHOCTLIO PaboThl
MEeOVLMHCKOrO MyHKTa B YCNOBUAX BbICOKOrOpbs ABASETCA 60MbLIOE KOMMHYECTBO 0bpaLLieHnii 60MbHbIX C OCTPOW ropHon 6onesHbto (OFb):
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TakK, y BaxToBbIx pabo4mx Ha ropHoAobbIBaroLLEM NpeanpuaTum B Kbiprbidckon Pecnybnmke Ha BbicoTe 3800 M YacToTa BO3HMKHOBEHNSA OB
cocTtaBuna 25%. OcHOBHbIMX NoaxoaamMn K npodunakTke OB B obLLelt nonynsumm paboTHKOB SBASOTCS BbICOTHAsA akkMmaTudauys,
hapmakonorndeckas nogaepkka, pervgparauns v npegynpexxaeHe HapyLeHnin aNeKTPoanTHOrO obMeHa, 3alimMTa OT CBETOBOrO nopa-
YKEHUSI TNa3 U KOXKHbIX MOKPOBOB, NPeaynpexaeHne XonoaoBon Tpasmbl. [ns AanbHenWero okasaHnsa MeanuUmMHCKON NOMOLLIM paboTHMKaM
¢ OB NpuMeHsItoT ABYxX3TanHylo cUCTeMy aBakyauum npu HaxoxaeHun YO Ha BbicoTe 6onee 3500 M 1 3HAYUTENBHOM PACCTOSIHUM OT Ha-
CeIeHHbIX MYHKTOB, NpeayCcMaTpuBatoLLYyO CO3[aHME MPOMEXYTOYHOrO MEAULIMHCKOro NyHKTa Ha BbicoTe 17001800 M Haf ypOBHEM MOPS.
BbiBoabl. MegnLmHCKOe 0becnedeHne BaxToBbIX Pab0HMX B 9KCTPEMASIbHBIX YCIIOBUSX BbICOKOrOPbA ABMAETCA YaCTblO Pa3BMBaIOLLErOCs
HanpasneHns — yaaneHHoro 3apaBooxpaHeHns. Bonpock! opraHmsaLn MeguLUmMHCKON MOMOLLM Ha YAaneHHbIX MPOMBILLAEHHbIX 0ObeKTax
B FOPHOV MECTHOCTY aKTyaslbHbl B CBA3W C MHTEHCUBHbBIM PasBUTEM FOPHOA0ObLIBAIOLLIEN MPOMbILLNEHHOCTY B Kbiprbidckon Pecnybvike.
[MokasaHa HEOOXOAMMOCTb CneLmanbHON NOArOTOBKM MEeOULIMHCKOrO NepcoHana no BonpocaM yaaneHHOro 34paBoOXpaHeHrsl, COBEpP-
LLIEHCTBOBaHMS HOpMaTVBHOW 6a3bl, pernameHTUPYIoLLE MOPSAOK M anropuUTMbl OKa3aHs MegULMHCKON noMoLLm paboTHrkam Ha YT10,
07151 BO3MOXXHOCTW MOCTPOEHMST HOBOV MOZENV MEANLMHCKOro obecnedeHms ¢ CObMOAeHNEM edVHbIX CTaHAAPTOB MEANLMHCKOM MOMOLLN,
B TOM 4uCe NPy BBEAESHUN TENEMEANLMHCKOrO 1 MOBUIIBHOrO KOMMOHEHTOB.

KnioueBble cnoBa: ynaneHHOe 3[0paBOOXPaHEHNE; ropHas MeAMLIMHA; OpraHM3alns 30paBOOXPaHEHUs; MPOMbILLMEHHAs MeauUnHa;
yOaneHHble NPOMbILLNEHHbIE 0OBbEKThI; MeAMLMHCKOE 06pa3oBaHmne; BAXTOBbIN METOA; MeANLMHCKas 3BaKyaLms
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INTRODUCTION

In recent years, there has been a growing interest in the
Russian Federation in the topic of remote healthcare,
encompassing regulatory frameworks, approaches to
organizing medical care, and the development of medi-
cal infrastructure, logistics, and communications at re-
mote industrial sites (RIS).

In the Russian Federation, hard-to-reach indus-
trial sites located at a significant distance from cities
are identified: at oil fields in Eastern Siberia, in the
Arctic shelf region, or in the arid zones of the Caspian
Lowland; however, production sites with a permanent
workforce located under high-altitude conditions are
absent [1, 2].

Currently, in the Kyrgyz Republic, there are more
than ten actively operating mining enterprises located
at an altitude of 3000-4000 m above sea level, which
requires attracting a significant number of shift work-
ers, the number of whom can reach up to 1,000 peo-
ple per shift. The leading mining enterprises are Jerooy
and Kumtor. The Jerooy gold deposit is located at an
altitude of 2500-3800 m above sea level in the Talas
region, with a shift camp for workers at an altitude of
2500 m. The Kumtor deposit is located at an altitude of
3800-4200 m above sea level in the Issyk-Kul region,
with a shift camp for workers at an altitude of 3800 m.

Workers in the mining industry under high-altitude
conditions are exposed to a combination of extreme
climatic, geographic, occupational, and socio-domes-
tic factors, while living and working at an altitude of
3800-4200 m above sea level is accompanied by sig-
nificant strain on human adaptive mechanisms [3].

Extreme natural-climatic factors include low oxy-
gen content in the ambient air, reduced atmospheric
pressure, low air temperature and its significant daily
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fluctuations, increased solar radiation, and many oth-
ers. All these factors are collectively referred to as
the “mountain complex”, and according to the clas-
sification of vertical mountain zonation, the altitude of
3500-4500 m above sea level is classified as uninhab-
itable highlands or ultra-highlands.

Under the influence of low atmospheric tempera-
tures and strong winds, acute inflammatory diseases
of the respiratory system (rhinitis, pharyngitis, trachei-
tis, bronchitis, pneumonia, sinusitis), musculoskeletal
system (myalgia), nerve endings (neuritis, radicular ra-
diculopathy), blood vessels (arteritis), eyes (blepharitis,
conjunctivitis, keratitis), as well as cold injuries: hypo-
thermia and frostbite (most often of the extremities) oc-
cur more frequently. Moreover, in the mountains, the
clinical course of chronic diseases becomes more se-
vere, and traumatic injuries are more often complicated
by shock [4]. Increased insolation intensity (predomi-
nance of the ultraviolet part of the spectrum), the simul-
taneous exposure to direct solar radiation and diffuse
radiation up to 96% (resulting from the scattering of
part of the direct solar radiation flux in the atmosphere
due to reflection from mountain slopes and snow cov-
er), and the rarefied atmosphere can contribute to the
occurrence of skin burns (wings of the nose, lips, chin,
neck, dorsum of the hands) and eye burns [5].

When organizing labor at RIS in high-altitude re-
gions, workers live at sea level during the inter-shift
period; however, after arriving at the production site in
the mountains, the main factor significantly reducing
their work capacity is exogenous hypoxia. Signs of
hypoxia are observed in workers starting at an alti-
tude of 2500-3000 m above sea level, and in most
individuals at an altitude of 3500 m. At altitudes above
3800 m above sea level, workers may develop life-
threatening syndromes: acute mountain sickness,
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high-altitude pulmonary edema, and high-altitude cer-
ebral edema, which require immediate treatment and
descent to low altitudes [6, 7]. Hypercatabolism also
plays an important role in the development of “moun-
tain pathology.” For example, total daily energy ex-
penditure of the body under mid-altitude conditions
averages 3900-4100 kcal, and at high altitude —
4300-4500 kcal. Against the background of increased
energy expenditure, reaching up to 5000 kcal per day
at high altitudes, phenomena of nutritional exhaustion
may occur during movement, prolonged and heavy
physical labor in the mountains [8].

Intense physical exertion during work in the moun-
tains leads to increased sweating even under relatively
cold weather conditions and is accompanied by dehy-
dration (due to increased fluid excretion from the body
in urine), which slows down the recovery of a person’s
work capacity and worsens the AMS course. Under
conditions of low partial pressure of oxygen against
a background of dehydration, conditions are created
for the growth of bacterial microflora even with minor
damage to the skin, mucous membranes, and injuries.
Hypoxia and dehydration cause disturbances in min-
eral metabolism, which significantly affects the func-
tion of the gastrointestinal tract (suppression of gastric
juice, pepsin, bile secretion, and disorders of intestinal
motor-evacuatory function) [9].

At mining enterprises, when assessing the impact
of occupational factors, it has been established that
workers are exposed to a combination of adverse oc-
cupational factors: psycho-emotional, physical (noise,
vibration, unsatisfactory microclimate parameters),
chemical (dust, contamination with various chemical
compounds), biological factors, the levels of which of-
ten exceed hygienic standards [10].

The atmospheric air of open-pit mines at the pro-
duction site during open-pit ore mining and its chemi-
cal processing at a gold recovery plant is polluted with
dust and toxic substances (sodium cyanide (NaCN),
alkalis (CaO, NaOH), hydrochloric acid (HCI), nitric acid
(HNQ,)). The main sources of hazardous gas emissions
are blasting operations, the operation of vehicles, scrap-
ers, and bulldozers. All processes of crushing, grinding,
loading, and transporting ore are accompanied by dust
formation. During the warm season, dust concentra-
tions at workstations where machinery is used increase
sharply and can reach 25-30 mg/m3. In open-pit mines
of Siberia and the Far North, higher dust content is ob-
served due to low efficiency or absence of dust control
measures. In addition, the air of the work zone contains
components of exhaust gases from internal combus-
tion engines (nitrogen oxides, acrolein, formaldehyde,
etc.), the levels of which can exceed permissible values
by 2-3 times. The operation of various types of drill-
ing machines and other equipment is accompanied by
elevated levels of noise and vibration at workstations;

as a rule, workers are exposed to a combined effect of
noise and vibration [11].

The shift method of labor organization at RIS im-
poses high demands on a person’s adaptive capa-
bilities and is accompanied by significant physiological
changes in the body: the quality of life of workers objec-
tively decreases, which manifests in the deterioration of
the health of shift personnel due to abrupt changes in
climatic conditions, time zones, diet, psycho-emotional
stress, and occupational workload, with shifts lasting
from two weeks to several months. Professional activ-
ity at RIS involves high intensity of the labor process,
longer work shifts, reduced rest between shifts, mini-
mal social and domestic support, and pronounced
prolonged exposure to factors of chronic social stress
[12, 13]. Daily high-intensity occupational workload,
night shift work, limited access to social infrastructure
facilities, and abrupt changes in living conditions can
lead to psycho-emotional tension, the development
of anxiety, depression, and frustration in shift workers
[14]. Living in a confined space in a shift camp can lead
to the rapid spread of infectious diseases transmitted
by airborne droplets, which necessitates constant san-
itary-epidemiological monitoring of all visitors to pro-
duction sites.

Given the need for careful monitoring of the health
status of RIS workers to preserve their health and en-
sure safe working conditions, high demands are placed
on the organization of the medical service.

The aim of the study is to analyze and synthesize
data on the organization of medical care delivery at
remote industrial sites located in extreme high-altitude
conditions.

An analysis of scientific literature for the period
2015-2025 on the features of medical support for
shift workers under high-altitude conditions was con-
ducted in the electronic databases PubMed, Elibrary,
Cochrane; on the websites of the International Society
for Mountain Medicine (ISMM)' and the International
Commission for Alpine Rescue (Internationale
Kommission firr Alpine Rettung, ICAR)2. The analysis
included sources containing information on the types of
medical care organization at RIS located in the regions
of Eastern Siberia, the Arctic, and the Far East of the
Russian Federation, as well as at high-altitude RIS in
the Kyrgyz Republic. Excluded were: articles without
full text, duplicate publications, those not related
to the field of medical care organization under high-
altitude conditions, and those focused on recreational
climbers. The following keywords were used: remote
healthcare, mountain medicine, industrial medicine,
remote industrial sites, healthcare organization, shift
work, medical evacuation. In the search process,
96 publications were selected; after screening, 68 pub-
lications were included in the review. The study scheme
is presented in Figure 1.

' International Society for Mountain Medicine. https://ismm.org/
2 International Commission for Alpine Rescue. https://www.alpine-rescue.org/
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Publications (articles, clinical trial
reports, randomized studies) identified
in databases:

Pubmed n = 56

Scopus n=18

elLibraryn=15

Cyberleninkan =7

Identification

Total n =96

J

Publications included in screening
based on title

Total n =83

Screening

Articles selected for full-text review

Total n =77

Full-text articles assessed for eligibility

Eligibility

Total n =68

Studies included in the review

Total n =68

Included

The figure is prepared by the authors
Fig. 1. Study flow diagram

MAIN BODY

Production activity in adverse and extreme climat-
ic conditions can contribute to the emergence and
growth of occupational pathology, which necessitates
a more in-depth assessment of the health status of
people temporarily residing in such areas.

According to the data of the statistical commit-
tee® for 2025, based on the results of periodic medi-
cal examinations and medical visits, in the structure of
morbidity among shift workers at high-altitude RIS, the
top three places in descending order are occupied by
diseases of the respiratory system, cardiovascular sys-
tem, and musculoskeletal system. At the same time,

Publications excluded by title before
screening: duplicate title, not meeting
the study objective

Total n =13

Publications excluded from screening:
animal studies, study protocols

Total n=6

Publications excluded from screening:
containing overlapping datan = 3
being non-systematic reviews n = 2
unrelated publications, topic

not relevant to the review subject n = 4

Totaln=9

the proportion of diseases associated with exposure to
high altitude in the morbidity structure accounts for up
to 10% (Table 1).

The AMS incidence among shift workers in high-
altitude regions is variable, ranging 25-80% of cases
depending on conditions, ascent rate, and altitude
level. Farias et al. showed that the AMS incidence of
among shift workers at a mining enterprise in Chile
at an altitude of 4200 m reached 52% of all medical
visit cases [15]. Among shift workers at a mining enter-
prise in the Kyrgyz Republic at an altitude of 3800 m,
the AMS incidence was 25% [16]; Wu et al. noted that
when working at altitudes of 3500-5000 m in China,
the prevalence rate of AMS was 56% [17]. According

3 National Statistical Committee of the Kyrgyz Republic. https://stat.gov.ka/ru/
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Table 1. Morbidity structure among shift workers at high-altitude facilities in Kyrgyzstan

No. Cause (ICD-10 code) Proportion, % Main nosologies Risk factors
1 | Respiratory diseases 30-40 Pneumoconiosis, chronic Dust, low atmospheric
(JO0O-J98) obstructive pulmonary temperature, hypoxia
disease (COPD), bronchitis
2 | Cardiovascular diseases 15-25 Hypertension, coronary artery | Hypoxia, intense physical
(100-199) disease (CAD), cor pulmonale | exertion
3 | Musculoskeletal diseases 10-15 Osteochondrosis, General/local vibration,
(MOO-MQ99) radiculopathy heavy physical labor
4 | Nervous system diseases 5-10 Asthenia, encephalopathy Hypoxia
(GO0-G98Y)
5 | Injuries, poisonings, and 3-8 Poisoning by metals, gases Chemical factors
certain other consequences
of external causes (SO0-T98)
6 | Effects of high altitude (T70.2) <10 Acute and chronic mountain Altitude above sea level
sickness exceeding 3500 m

Table compiled by the authors based on data from an internet source*

to Forster et al., among shift workers operating a tel-
escope in Hawaii at an altitude of 4200 m, the AMS
prevalence was 80% [18].

In the structure of injuries among shift workers at
high-altitude RIS facilities in Kyrgyzstan, mechanical
injuries predominate, resulting from technical malfunc-
tions, falls, and rockfalls. The most common types
of injuries with severe consequences are falls from
height, impacts from moving, flying, rotating objects,
parts, machines, and mechanisms, and transport ac-
cidents. Meanwhile, occupational injuries from physi-
cal and chemical factors account for about 15-20%
(Table 2).

In the mortality structure among shift workers
at high-altitude facilities in Kyrgyzstan, accidents
and injuries occupy the first rank, followed by mor-
tality from cardiovascular diseases and complica-
tions of respiratory diseases (10-15% of cases);
mortality from intoxications accounts for 5-10%
(Table 3).

Medical care for RIS workers may be provided by
the company’s own medical service or by hired medi-
cal service providers (outsourcing). When outsourcing
medical services, all types of medical interventions are
performed: provision of primary medical and emer-
gency care, implementation of treatment and preven-
tive measures, conducting periodic medical examina-
tions and vaccinations, maintaining statistical records
of diseases, introducing telemedicine technologies for
medical support, and performing emergency medical
evacuation of patients [19].

When organizing medical care through the industrial
enterprise’'s own resources, it is necessary to estab-
lish departmental medical services, which requires the
development of own standard operating procedures,
adherence to continuity in diagnosis, treatment, dis-
ease prevention, recording of all morbidity data, and
preservation of medical records of RIS workers for fur-
ther analysis and monitoring of the health status of the
enterprise’s employees [20].

In the Kyrgyz Republic, all mining enterprises have
their own medical service. The method of outsourcing
medical services at remote sites is not used due to the
imperfection and incompleteness of the regulatory and
legal framework in this area and the low level of devel-
opment of private medicine in the country.

The structure of the medical service organization at
RIS, developed at the Siberian State Medical University,
tested at many RIS in the Russian Federation and in
mountainous areas in the Kyrgyz Republic, includes the
following stages:

e organization of medical station infrastructure, lo-
gistics, and communications in high-altitude condi-
tions;

e organization of treatment and preventive work under
high-altitude conditions;

e training and preparation of medical specialists and
shift workers for work in extreme high-altitude condi-
tions;

e organization of document flow, which also includes
work with medical information systems, telemedicine
issues, conducting audits, etc.

4 National Statistical Committee of the Kyrgyz Republic. https://stat.gov.ka/ru/
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Table 2. Injury structure among shift workers at high-altitude facilities in Kyrgyzstan

No. Injury type Proportion, % Incident characteristics
1 Mechanical injuries 50-70 Falls, rockfalls, technical malfunctions
2 | Occupational injuries: 10-20 Explosions, collapses

- exposure to physical factors 10-15 Frostbite, hypothermia
- exposure to chemical factors 5-10 Gas poisoning

Table compiled by the authors based on data from an internet source®

Table 3. Mortality structure among shift workers at high-altitude facilities in Kyrgyzstan

No. Cause of mortality Proportion, % Incident characteristics
1 Accidents and injuries 40-60 Accidents, collapses
2 Cardiovascular diseases 20-30 Acute coronary syndrome and other acute
pathological conditions
3 Respiratory complications 10-15 Pulmonary edema, respiratory failure
4 Intoxications 5-10 Carbon monoxide, industrial gases
5 Other <5 Hypothermia

Table compiled by the authors based on data from an internet source®

Organization of medical station infrastructure,
communications, and logistics in high-altitude
conditions

At the stage of feasibility study of a mining project, the
technical specifications include the organization of a
medical service at the production site in high-altitude
conditions, specifying the regulations on the medical
service, the scope and type of medical services, staff-
ing schedule, job responsibilities of personnel, lists of
necessary medications, consumables and equipment,
premises, and other conditions required for the function-
ing of the medical service.

The main principles of organizing and operating a
medical station (MS) at an RIS located in high-altitude
conditions are: selection of the site for the station
(consideration of terrain and degree of ruggedness,
proximity to transport links); calculation of the number
of medical personnel; equipping with medical equip-
ment, consumables, and medicines depending on the
size of the working population; organization of com-
munication for the MS at the RIS (implementation of
telemedicine technologies, use of satellite communi-
cation channels, and connection to a 24/7 support
medical center system); logistics activities at the RIS
(ensuring uninterrupted control of material assets and
information flows, taking into account the specifics of
RIS operations, seasonality of transport links, route

durations, communication features; development of a
long-term strategy for the development of the logistics
system and short-term operational plans to achieve
set goals) [21].

The choice of medical service format depends on
the level of risks and the number of working personnel
at the RIS. The medical service may operate as a para-
medic station for facilities with a small number of em-
ployees (60-60 people) and low risk; when the number
of employees at the enterprise exceeds 500 people,
medical care is provided at a medical station with a
physician’s office, treatment room, medication storage,
isolation room, and other auxiliary rooms.

The medical service at an RIS in mountainous ar-
eas consists of several (at least two) units: the main
MS of the RIS (paramedic or physician-staffed) and an
MS at the central checkpoint. At the MS located in the
shift camp, medical care, including emergency care,
is provided to the population on demand; medical ex-
aminations, patient treatment, and vaccine prophylax-
is are conducted; medical evacuations (scheduled or
emergency) are organized; and continuous monitoring
of the health status of workers, collection and pro-
cessing of statistical data, and preparation of reports
are carried out.

The medical station at the central checkpoint is
located at the entrance to the production site and is
equipped with basic medical equipment for monitoring

5 National Statistical Committee of the Kyrgyz Republic. https://stat.gov.kg/ru/
5 Ibid.
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vital signs: clinical laboratory equipment and rapid test-
ers for detecting narcotic substances, alcohol, and var-
ious prohibited drugs in biological fluids. The main task
of this medical station is screening all shift workers and
contractors entering the production site [22].

If there are additional production facilities located
at a distance from the shift camp and the main pro-
duction site, it is possible to create an additional MS
directly near the production site territory, which should
also be equipped with basic medical equipment for
checking vital signs, a necessary supply of essential
medications, including those for treating emergency
conditions, and an antidote kit. The main tasks of the
additional medical station are conducting morning
professional examinations of workers using hardware-
software complexes, as well as conducting first aid
training for shift workers [23].

A distinctive feature of the operation of an MS under
high-altitude conditions is the large number of worker
visits for AMS; therefore, the equipment list must in-
clude oxygen sources (oxygen cylinders, oxygen con-
centrators) and a hyperbaric chamber for the treatment
of acute mountain disorders [24, 25].

To equip an MS with equipment, medications, and
consumables, guidelines from international organiza-
tions developed for the operation of medical services
located in remote locations can be used. Also, a good
practice is to include a pharmacist on the staff of the
medical team, whose tasks include interaction with
medication suppliers, regular inventory of medications
and equipment, procurement of medications, and their
shipment to the production site [26].

The primary means of communication among all
RIS, including the medical service, is telephone com-
munication. The medical service must be equipped
with all types of communication (internet, radio, cellular,
and satellite communication). Through satellite tech-
nologies, remote diagnostics and consultations are im-
plemented, and prompt access to patients’ electronic
records for reviewing medical history is ensured, which
is particularly important for RIS workers [27, 28].

Logistical support at an RIS includes ambulance
vehicles for timely evacuation of workers with serious
ilnesses and injuries from the RIS in mountainous ar-
eas to the nearest specialized medical facility. At an
RIS, it is necessary to have at least two ambulances
(EMT vehicles) operating on gasoline engines with a
4 x 4 wheel drive; drivers must be relieved from oth-
er duties and be ready to perform emergency medi-
cal evacuation. Ambulances must be equipped with
all necessary medical equipment (mechanical ventila-
tor, automatic oxygen delivery system, electrocardio-
graph, defibrillator, infusion pump for controlled drug
administration, etc.), be in working condition, and be
permanently housed in a heated garage. Additionally,
ambulance transport must be equipped with radio
communication and a map indicating reception zones
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and corresponding radio channels along the route, and
the use of GPS during its movement is necessary to
maintain constant communication with the evacuation
transport [29]. Other available transport means may in-
clude air ambulance (helicopter). In these cases, the or-
ganization of a helipad or airstrip must be considered.

With the development of digital technologies, the
experience of using telemedicine technologies at RIS
has significantly increased. The study by Smal et al.
presents the results of an analysis of the frequency and
nature of discrepancies in diagnostic decisions when
describing X-ray images by a local physician (remote
residential areas) and by experts using remote medical
service technologies. The most common types of di-
agnostic errors were identified, and the quality of X-ray
description was assessed [30].

The possibility of constructing a new model of
medical support that complies with unified standards
of medical care through the introduction of telemedi-
cine and mobile components was demonstrated by
Levanov et al.: new elements of the system may include
re-equipping RIS medical stations with medical and
telecommunication equipment and connecting them
to medical information systems; implementing medical
information exchange systems; using patient-oriented
personal hardware-software complexes for prevention,
treatment monitoring, and rehabilitation of workers;
using mobile telemedicine complexes; increasing the
material, technical, and human resource capacity of
emergency medical care and medical evacuation ser-
vices; and developing digital communication systems
between primary healthcare units, emergency medical
services, air ambulance services, and specialized and
high-tech care centers [31]. Other authors presented
information on the use of telemedicine technologies at
oil-producing companies in the Far North regions [32].

Martinelli et al. noted the increasing role of telemedi-
cine consultations in the operation of MSs located in
mountainous areas. Data were presented on the test-
ing of the European project e-Rés@MONT (Interreg
ALCOTRA), within which a temporary videoconferenc-
ing system was developed for dynamic medical moni-
toring of diseases occurring at high altitude (such as
AMS, high-altitude pulmonary and cerebral edema).
During the project implementation, 702 teleconsulta-
tions were conducted: 333 (47%) individuals were re-
ferred to specialized doctors, 356 (51%) were monitored
remotely by physicians, and 13 (2%) patients required
immediate interventions. In the cases presented, the
use of telemedicine technologies allowed the avoid-
ance of 30 unnecessary interventions: 18 ambulance
trips, 12 air ambulance flights, and consequently, as-
sociated hospitalizations to emergency and special-
ized care units, as well as achieving financial savings
of € 75,489 [33].

The study by Zhou et al. provided information on the
implementation of telemedicine ultrasound examination
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of 708 patients in remote areas of China, involving a re-
mote expert and using the tele-HHUS system (STOCK,
Chengdu, China), which allowed 75% of patients to
receive the service at their place of residence without
visiting a medical clinic [34].

Some publications present data on conducting
tele-education of personnel [35], teleconsultations,
and telemonitoring of morbidity dynamics in patients
with chronic pathology [36, 37]. However, the wide-
spread implementation of telemedicine technologies
into the daily practice of remote healthcare requires a
significant increase in funding for the basic equipping
of medical stations, technical support, coordination of
this activity, and the training of relevant specialists [38].

Organization of treatment and preventive work
under high-altitude conditions

Treatment and preventive work consists of providing
primary and emergency care to patients with moun-
tain pathology, injuries, and acute surgical conditions,
in full or reduced scope depending on medical capa-
bilities, stabilization of the patient’s condition, and, if
necessary, their evacuation to a specialized medical
facility. The list and volume of medication and consum-
able supplies depend on the location of the facility, the
number of employees, and the specifics of production
activities; currently, there is no single approved list in-
tended for MSs located in high-altitude conditions.
As a template, the list of medications recommended
by the WHO Model List of Essential Medicines’” and
Order® No. 617 of 07.12.2011 is used, which contains
136 items and is intended for providing medical care
to shift workers numbering no more than 500 people.
Such lists are not strictly regulated and can be adapted
according to the needs of the medical station at the
RIS, taking into account the operating terrain: antima-
larial drugs — in tropical countries, drugs for acclimati-
zation to high altitude (acetazolamide, dexamethasone,
etc.) — in high-altitude regions.

Medical personnel also perform sanitary-hygienic
and preventive measures at the production site: medi-
cal examinations of workers, monitoring of water and
food quality, and others.

In the study by Badmaeva®, a scheme of organiza-
tional technology for improving the delivery of medical
care to RIS workers based on a paramedic/physician
MS is presented. It is recommended to be included
in a common information system with access to and
presentation of information in databases based on the
results of periodic medical examinations and medi-
cal evacuations. Also, MSs at RIS should maintain
round-the-clock communication with contact centers

coordinating the work of RIS; specialists of the RIS
medical service can receive telemedicine consultations
from specialist physicians and receive training through
educational programs in remote healthcare.

The organization of general therapeutic care for
workers under mid- and high-altitude conditions con-
sists of the sequential implementation of preventive
measures (altitude acclimatization, pharmacological
prevention of mountain sickness, adequate rehydration
and prevention of electrolyte imbalances, protection
against light-induced eye and skin damage, prevention
of cold injury), treatment of early manifestations of AMS
and prevention of its complications, and provision of
therapeutic care for decompensation of somatic dis-
eases [39].

The main approaches to the AMS prevention in the
general worker population include staged acclimatiza-
tion, which involves: gradual altitude gain (an ascent
of no more than 300-500 m per day is recommend-
ed after reaching 3000 m, with rest days for every
1000 m of altitude gain); making an ascent to a higher
altitude during the day followed by descending to a
lower altitude for sleep; starting from 3000 m, the alti-
tude of each subsequent sleeping location should not
exceed the previous one by more than 300-500 m;
staged ascent with mandatory one-day stops for ad-
aptation, which reduces the AMS risk; adherence to
a drinking regimen and monitoring of the main physi-
ological systems.

When ascending to an altitude of 2500-3000 m for
recreational climbers, it is recommended to spend one
day for adaptation at 2500 m; then, when ascending
to 3000-4000 m, every 1000 m of ascent should be
interrupted by one day of rest at an intermediate alti-
tude. Two independent studies found that staying for
6-7 days at a moderate altitude (= 2200-3000 m) or a
two-day stay at 3000 m before moving to a high altitude
(4300 m) (so-called “staged/gradual ascent”) reduced
the AMS risk, improved pulmonary ventilation and oxy-
genation, and reduced pulmonary artery pressure [40,
41]. The study [42] demonstrated the feasibility of short
stays at intermediate altitudes (around 1500 m) from a
physiological perspective to reduce the AMS risk.

Due to the constant presence of shift workers under
high-altitude conditions and the continuous production
process, staged acclimatization is practically impos-
sible for them. Shift workers ascend to the produc-
tion site in a single day from sea level to an altitude of
3800-4200 m.

Pharmacological support for adaptation and pre-
vention of AMS involves the use of acetazolamide, dex-
amethasone, ibuprofen, nifedipine, tadalafil, sildenafil
(Table 4).

7 Model List of Essential Medicines. https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-medicines/essential-medicines-lists?ysclid

=mnrg1jc38e497785540

& Order of the Ministry of Health of the Kyrgyz Republic No. 617 of December 7, 2011, «On measures to improve emergency (ambulance) medical care for the

population of the Kyrgyz Republic».

¢ Badmaeva ER. Improvement of the organization of medical care for workers at remote industrial sites: author’s abstract of diss. Cand. Sci. (Med.). N.A. Semashko

National Research Institute of Public Health; Moscow, 2023.
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Table 4. Recommended doses of medications used for the prevention and treatment of various forms of acute

mountain sickness

Medication Indication

Route of administration and dosing regimen

Acetazolamide Prevention of AMS,

Orally 125 mg every 12 hat

(Diacarb®, HACE In children: 1.25 mg/kg b.w. every 12 h (maximum single dose 125 mg)
Diamox)
AMS treatment® Orally 250 mg every 12 h
In children: 2.5 mg/kg b.w. every 12 h (maximum single dose 250 mg)
Dexamethasone | Prevention of AMS, Orally 2 mg every 6 h or 4 mg every 12 h?
HACE In children: do not use for prophylaxis
Prevention of AMS, Orally, intravenously/intramuscularly
HACE AMS: 4 mg every 6 h
HACE: 8 mg once, then 4 mg every 6 h
In children: 0.15 mg/kg b.w. every 6 h (maximum single dose 4 mg)
lbuprofen Headache Orally 600 mg every 8 h

Nifedipine (slow- | HAPE prevention

Orally 30 mg every 12 h or 20 mg every 8 hd

release)

HAPE treatment Orally 30 mg every 12 h or 20 mg every 8 h¢
Tadalafil HAPE prevention Orally 10 mg every 12 hd
Sildenafil HAPE prevention Orally 50 mg every 12 hd

Table compiled by the authors based on data from the source’

Note. b.w. — body weight; AMS — acute mountain sickness; HACE — high-altitude cerebral edema; HAPE — high-altitude pulmonary edema;
a — for individuals ascending to a given altitude and remaining there after reaching the target elevation, continue medication for 2 days (for
those adhering to the recommended ascent rate) and 2-4 days (for those ascending faster than the recommended rate); b — dose applicable
for low- and moderate-risk ascent profiles (for high-risk ascent profiles, 250 mg twice daily is recommended); ¢ — acetazolamide may also be
used at this dosage as an adjunct to dexamethasone in the treatment of HACE, although dexamethasone remains the first-line drug; d — for
prevention of HAPE in individuals ascending to a given altitude and remaining there, continue medication after reaching altitude: for 4 days
(when adhering to the recommended ascent rate) and 4-7 days when exceeding the recommended ascent rate.

Acetazolamide is a sulfonamide-group drug; the
recommended dose for AMS prevention in adults is
125 mg every 12 h. The mechanism of action of aceta-
zolamide in the AMS treatment is based on its ability
to accelerate physiological acclimatization by affect-
ing acid-base balance and respiration. Acetazolamide
blocks the enzyme carbonic anhydrase in the kid-
neys and other tissues, which reduces bicarbonate
reabsorption and increases its excretion in the urine.
Bicarbonate loss leads to mild metabolic acidosis, a
decrease in blood pH, stimulation of respiration with an
increase in minute ventilation, which contributes to an
increase in alveolar and arterial pO,. Due to enhanced
respiration, blood oxygen saturation increases and the
symptom complex of hypoxia — a key factor in the
AMS development — is reduced.

Mclintosh et al. [43] noted that when taking the
drug at a dose of 62.5 mg every 12 h, no reduction
in pharmacological effect was observed. At the same
time, Lipman et al. [44] showed in a randomized con-
trolled trial that the use of acetazolamide at a dose
of 62.5 mg is less effective in AMS preventing than

125 mg, and higher doses (250 mg every 12 h) may be
recommended only when ascending to altitudes up
to 5000 m under high-risk conditions, although no di-
rect comparisons of dosing regimens have been con-
ducted. The recommended dose of acetazolamide
for children is 1.25 mg/kg b.w. (maximum — 125 mg)
every 12 h. However, this drug has adverse reactions:
increased diuresis (which in high-altitude conditions
may contribute to additional dehydration and elec-
trolyte imbalance), paresthesias, allergic reactions,
anaphylaxis. The presence of any type of allergic re-
actions caused by sulfonamide drugs, or a history of
Stevens—Johnson syndrome, are contraindications
to the use of acetazolamide, and with long-term use,
leukopenia, thrombocytopenia, and aplastic anemia
may develop [45].

In some studies, the use of inhaled budesonide at a
dose of 200 pg twice daily in the AMS prevention was
studied compared to placebo. Although a clear mech-
anism of preventive action against AMS could not be
established, improvements in spirometry parameters
and oxygen saturation were noted [46, 47].

% Wilderness Medical Society Clinical Practice Guidelines for the Prevention, Diagnosis, and Treatment of Acute Altitude lliness: 2024 Update. Wilderness &
Environmental Medicine. 2024;35(1):25-19S. https://doi.org/10.1016/j.wem.2023.05.013
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When AMS develops directly at the production site,
treatment is aimed at reducing physical exertion and
meeting the body’s oxygen demand (oxygen inhala-
tion), as well as prophylactic administration of aceta-
zolamide at a dose of 250 mg/day every 12 h for two
to three days. In severe AMS (10-12 points on the Lake
Louise Scale) [48] and in the development of high-alti-
tude pulmonary edema, the worker must be urgently
evacuated down to the lowlands.

When carrying out production activities in the moun-
tains, planned or emergency evacuation is carried out
along pre-developed evacuation routes, for each of
which sufficient medical forces and resources must be
available. In some cases, such directions may be iso-
lated and separated by tens of kilometers. Features of
transporting patients from an RIS under high-altitude
conditions include evacuation from hard-to-reach areas
with an underdeveloped road network, abrupt changes
in weather conditions, and short daylight hours.

Features of medical evacuation (ME) using air am-
bulance in mountainous areas — short daylight hours,
often unfavorable weather conditions, and high finan-
cial costs. In many countries, there is no unified state
service responsible for organizing and conducting
ME from any facilities regardless of their purpose or
departmental affiliation. The use of air ambulance for
evacuating casualties from an RIS can significantly
shorten the time of rescue operations in mountainous
areas. Rescue helicopters must operate within the ex-
isting emergency medical care system with appropri-
ate mountain rescue and medical personnel, as well as
medical and rescue equipment on board [49].

In Europe, the USA, and Canada, there is a system
for training medical teams that perform evacuation of
casualties by air transport from an RIS to the receiving
medical organization. Such teams ensure stabilization
of the patient’s condition and life support during the
flight [50].

When an RIS is located at an altitude above 3500 m,
a two-stage system for evacuation can be used (this
scheme is used at the Kumtor company) due to the sig-
nificant distance of the RIS from populated areas. For
the proper organization of timely treatment and evacu-
ation support, one of the main criteria for its correct im-
plementation is minimizing the time from the moment of
injury/iliness of the victim to the provision (if necessary)
of specialized and high-tech care. In a two-stage ME
scheme, an intermediate MS is established (at approxi-
mately 17700-1800 m above sea level), which serves as
a transit logistics hub for delivery, storage, sorting of
medical supplies, staff rotation, and solving other op-
erational tasks. The medical station at the operational
base is used during the evacuation of patients (with
severe mountain sickness and high-altitude pulmonary
edema) who only require descent from altitude. The
intermediate medical station may also be used during
evacuation in poor weather conditions, at night, in cas-
es of patient instability, transportation problems, etc.
The travel time from the Kumtor mine to the intermedi-
ate medical station is one hour; the medical station is
staffed by a paramedic (Fig. 2).

In some Russian studies on the ME organization
of RIS personnel, an assessment of the structure of
causes of all evacuations depending on age and type

Specialized
and high-tech care

First aid Skilled prehospital Intermediate
care, physician/ medical station
medical assistant

5 min 20 min

Open-pit mine,
processing plant / factory
— altitude 3800-4200 m

1h 8h

Intermediate medical
station

4

[l

— altitude 1800 m

The figure is adapted from [22]

Bishkek
— altitude 0-500 m

Fig. 2. Scheme of a two-stage system for organizing medical evacuation under high-altitude conditions
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of industrial enterprise has been conducted. For ex-
ample, Karpov et al. presented an analysis of emer-
gency MEs among RIS workers carried out during
the period 2018-2020. It was found that the main
causes of evacuation were: injuries and poisonings
in 367 (24.5%) cases, diseases of the circulatory sys-
tem — 307 (20.5%) cases, and diseases of the diges-
tive system — 256 (17.1%). Differences in the structure
of causes of emergency medical evacuations were
identified: among young workers (under 40 years old),
the main cause of evacuation was injuries and poison-
ings in 30.3% of cases; in older age groups, diseases
of the circulatory system predominated — 37.4% [51].

Sometimes, urgent evacuation is impossible due to
technical and weather-related reasons. In these cas-
es, treatment in a hyperbaric chamber with increased
pressure yields good temporary results. However, data
on the use of hyperbaric chambers for the AMS treat-
ment are limited due to a weak evidence base, and the
use of the “simulated descent” method in the context
of hyperbaric therapy is considered a temporary meas-
ure rather than a full replacement for descending the
patient to low altitude. Nevertheless, the use of hyper-
baric chambers is advisable.

There are two types of hyperbaric chambers for
AMS treating: the first type — portable hyperbaric
chambers made of polyurethane (Gamow bag); the
second type — stationary hyperbaric chambers. The
Gamow bag (weight 7 kg) is designed for one person
and is recommended for use by all climbers ascending
to high altitude [52]. Its main operating principle is the
ability to increase the pressure inside the hyperbaric
chamber using a pump to values corresponding to the
atmospheric pressure at an altitude of 1500 m.

The therapeutic effect of the hyperbaric chamber
(hyperbaric therapy) in the AMS treatment is based on
the artificial increase of pressure, i.e., “simulating de-
scent from altitude” without actually descending the
patient, thereby increasing the partial pressure of oxy-
gen in the inhaled air inside the hyperbaric chamber,
as the air pressure inside it is increased using a pump.
As a result, blood oxygen saturation improves, and hy-
poxia — the main cause of AMS symptoms — rapidly
decreases.

The pressure inside the hyperbaric chamber corre-
sponds to the atmospheric pressure at a lower altitude
(1000-3000 m lower than the actual pressure), which
is the key therapeutic effect, analogous to real descent.
Improvement in oxygenation occurs, vasogenic tissue
edema and intracranial pressure are reduced, ultimately
leading to a decrease in cerebral edema. In the lungs,
hemodynamics and microcirculation improve, pulmo-
nary hypertension is reduced, and oxygen delivery to
tissues is enhanced. Clinical effects develop rapidly,
from several minutes to an hour [53].

In a clinical study by Kasic et al. [54], two treatment
methods were compared in 24 patients with AMS, who
were randomly assigned to groups: the first received
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hyperbaric treatment (simulating a descent of 1432 m
by placing patients in a fabric hyperbaric chamber
and increasing the pressure inside the chamber to
120 mmHg (2.3 PSI) above ambient pressure), the sec-
ond received oxygen inhalation therapy. Both courses
lasted for 2 h. The same effect was obtained from both
treatment methods: the rate of symptom reduction in
AMS did not differ between the two groups, i.e., the
use of a hyperbaric chamber is comparable in effec-
tiveness to the use of oxygen inhalation for short-term
relief of condition in patients with AMS.

In the work by Markovic et al. [55], the experience of
successful treatment of high-altitude pulmonary edema
(HAPE) in a 37-year-old patient in a hyperbaric cham-
ber at an altitude of 7060 m is described. The authors
used a portable Gamow Bag hyperbaric chamber to
generate a pressure of 103 mmHg without additional
oxygen use, which corresponded to a “simulated de-
scent” to an altitude of up to 4400 m. The treatment
was successful, the HAPE symptoms were resolved,
and subsequently the patient was descended to an al-
titude of 2000 m and made a full recovery.

Simanchas-Racines et al. evaluated the clini-
cal efficacy and safety of non-pharmacological and
pharmacological interventions as monotherapy for
the treatment of acute altitude illness in an analysis
of 13 studies and 468 participants. It was found that
the use of hyperbaric oxygenation (in three studies
involving 124 people) did not lead to increased mor-
tality, but complete resolution of AMS symptoms was
not achieved. In one study involving 64 people, it was
found that simulating a pressure reduction to 193 mbar
compared to 20 mbar could reduce symptom severity
to 2.5 versus 3.1 units after 12 h of treatment (clinical
assessment ranged 0—11 — worsening; a mean reduc-
tion of 0.6 points with the intervention had a low level
of evidence). Furthermore, no complications were iden-
tified with the use of hyperbaric chambers compared
with supplemental oxygen (one study with 29 partici-
pants).

Pharmacological treatment of AMS (dexametha-
sone, acetazolamide) was evaluated in 11 studies in-
volving 375 people. Overall mortality was not reported;
one publication presented data on complete resolution
of HACE symptoms at 12 h and 16 h with the use of
dexamethasone, while with acetazolamide the reduc-
tion in symptom severity was not significant (standard-
ized mean difference (SMD) -1.15, 95% ClI [-2.56; 0.27]).
Some studies presented data on the use of gabapentin
and magnesium sulfate, with the authors noting a low
level of evidence and the absence of convincing advan-
tages over other treatment methods, particularly over
the use of oxygen inhalation or dexamethasone [56].

At the high-altitude Kumtor enterprise, the effective-
ness of a stationary hyperbaric chamber (Fig. 3) was
studied in 72 patients of both sexes aged 22-55 years
at an altitude of 3800 m. After treatment, complete
resolution of AMS symptoms was observed in 79% of
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patients (n = 57); AMS relapse in the form of persistent
headache and gastrointestinal disorders was recorded
in 12.5% of patients (n = 9); no treatment effect was de-
tected in 8.5% of patients (n = 6). Along with this, with
the use of hyperbaric oxygenation, the total number of
evacuations from the Kumtor deposit related to moun-
tain disorders decreased by 50% per year [57].

The advantage of a stationary hyperbaric cham-
ber is the ability to accommodate 3-4 people simul-
taneously, after which the pressure inside is increased
using an electric pump at a rate of 10 mbar/min. The
initial atmospheric pressure at an altitude of 3800 m is
630 mbar. The target pressure inside the hyperbaric
chamber is 160 mbar, which corresponds to approxi-
mately 1828 m above sea level. Such pressure in the
hyperbaric chamber is achieved in 16 min and is suf-
ficient for the AMS treatment. The treatment time in
the hyperbaric chamber is 3-4 h. After the treatment
session ends, a gradual reduction of pressure inside
the chamber begins over 30 min. Side effects during
hyperbaric treatment are minimal and are limited to pa-
tients’ complaints of unpleasant but transient sensa-
tions of pressure in the ears. Complications such as
barotrauma of the eardrums, excessive CO, accumula-
tion, and claustrophobia have not been observed.

Thus, hyperbaric chambers provide a “simulated
descent” and lead to a rapid reduction in AMS symp-
toms; according to clinical studies, their effectiveness
is comparable to oxygen therapy. Several authors em-
phasize that the use of a hyperbaric chamber is ef-
fective for the short-term treatment of acute mountain
disorders (AMS, HAPE, HACE); however, due to the

Photo taken by the authors

Fig. 3. Stationary hyperbaric chamber in a medical
clinic at aremote industrial site at an altitude of 3800 m

limited evidence base, this treatment method does not
replace descent to low altitude.

Training and preparation of medical specialists
and shift workers for work in extreme high-altitude
conditions

Medical personnel providing emergency care at RIS in
hard-to-reach areas must possess a broad range of
specialized medical training, experience working in ex-
treme conditions, and organizational skills. Working at
an RIS with limited diagnostic capabilities requires medi-
cal workers to have psychological resilience, the ability
to make urgent independent decisions, and high-level
communication, professional, and leadership compe-
tencies [58].

In the study by Sokolovich et al., when analyzing
data from 75 technical specifications of the Corporate
Medicine Center group of companies, it was shown
that the medical worker at an RIS should be an intern-
ist or general practitioner with a broad scope of com-
petencies, a deep understanding of general medical
issues, advanced training in emergency medical care,
and special skills in treating life-threatening conditions.
Training in emergency medical care should include
knowledge of basic and advanced resuscitation meas-
ures [59].

Logunov et al. emphasized that the training of medi-
cal personnel for work at RIS should be an important
part of the strategic development of any modern com-
pany that engages workers for professional activities
at RIS [60].

Bygvraa et al. believe that, despite the availability of
universal knowledge in emergency medical care, there
are differences in the professional training of medical
personnel depending on the location of the facility.
Thus, physicians working on maritime vessels must
have knowledge in the fields of marine and diving medi-
cine, occupational pathology, tropical medicine, as well
as skills in risk assessment and local requirements [61].

In the work of Badmaeva et al., the necessity of spe-
cial training for medical personnel in remote healthcare,
improvement of the regulatory framework governing
the procedures and algorithms for providing medical
care to workers at RIS, the introduction of telemedicine
consultations, and the development of electronic da-
tabases of RIS workers has been demonstrated [62].

Before mobilization to an RIS in high-altitude condi-
tions, training of medical personnel should be conduct-
ed on the company’s standard operating procedures,
including training in the use of medical information
systems at the medical station, telemedicine systems,
and rapid diagnostic equipment. Additional training
of medical personnel should include instruction in re-
mote medicine and emergency medicine in the form of
courses at specialized training centers, where medical
personnel learn algorithms for basic and advanced car-
diac life support [63].
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Some authors note an insufficient level of knowl-
edge of mountain medicine among medical person-
nel working in high-altitude conditions; therefore, it is
advisable, when training medical specialists for work
in mountainous areas, to have constant and system-
atic updating of skills and professional competencies
in the field of prehospital emergency care in mountain
conditions. The latter includes ensuring upper airway
patency, performing mechanical ventilation, bleed-
ing control, limb immobilization, treatment of shock of
various etiologies, establishing intravenous access and
performing infusion therapy, thrombolysis, medical tri-
age, and others [64, 65].

The theoretical knowledge and skills required
for medical specialists at an RIS in mountain-
ous areas include the management of emergency
conditions according to the basic and advanced
cardiac life support algorithms of the National
Resuscitation Council of the Russian Federation,
the European Resuscitation Council'?, the American
Heart Association'®; knowledge of the guidelines
of the International Commission for Alpine Rescue
for emergency medical care in acute mountain
pathology'; and knowledge of the fundamentals of
occupational diseases, epidemiology, and hygiene.
Table 5 lists the theoretical knowledge and practical

skills required for medical specialists at remote indus-
trial sites in mountainous areas.

In both the Russian Federation and the Kyrgyz
Republic, according to the Labor Code, mining compa-
nies must organize training for shift workers in first aid
algorithms and form groups of assistants whose task is
to assist emergency services in the event of natural or
man-made emergencies. To train shift workers, train-
ing sessions may be organized involving private com-
panies or government organizations that offer first aid
courses [66].

Document flow in the medical service of an
RIS is carried out according to the nomenclature
and in accordance with the regulatory require-
ments of government bodies. An important func-
tional duty of the medical worker is to conduct
regular audits and inspections of equipment and
documentation.

To facilitate document flow at the medical station,
medical information systems (MIS) are widely used.
The Russian company Nobilis has implemented the
TouchMED information system at remote enterprises
of Russian Railways (RZD), GazProm TransGaz NN,
Rosseti SZ, and UdmurtAvtodor [67].

At the Kumtor deposit, the Jonoke MIS from the
Canadian company Jonoke Software Development

Table 5. Theoretical knowledge and skills required for medical specialists at remote industrial sites in

mountainous areas

No. Competc_ency Required knowledge Practical skills
domain

1 | Emergency Algorithms for the management of major Cardiopulmonary resuscitation, defibril-

medicine emergency conditions: shock, acute lation, tracheal intubation, intravenous
coronary syndrome, acute cerebrovascular access, medical evacuation, etc.
accident, etc.

2 | Traumatology Management of injuries, burns, hypothermia, | Immobilization, bleeding control, primary
poisonings; use of splints and immobilization, | surgical wound debridement, suturing,
etc. medical evacuation, etc.

3 | Mountain medicine | Acute mountain sickness, high-altitude Treatment in a hyperbaric chamber, oxygen
pulmonary edema and high-altitude cerebral | therapy
edema, hypothermia, frostbite

4 | Disaster medicine | Basics of casualty management in mass Triage of mass casualties, medical
casualties, triage of casualties evacuation, etc.

5 | Infectious diseas- | Basics of infection control and sanitary- Screening and organization of isolation

es, sanitation and | hygienic measures procedures, early disease prevention
hygiene

6 | Occupational Basics of protective measures against Screening, risk assessment, and organiza-

diseases occupational factors: dust, noise, vibration, tion of procedures for early prevention of
use of chemical substances occupational diseases

Table compiled by the authors using data from references'®

™ National Council for Reanimation of the Russian Federation. https://rusnrc.ru/
12 European Resuscitation Council. https://www.erc.edu/

8- American Heart Association. https://www.heart.org/

™ ICAR Med Com. https://www.icar-med.com/

> Patients protocol manual. International SOS. https://www.internationalsos.com/
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is used. This system allows for maintaining medical
records, inputting information on ongoing treatment
and examination results, generating reports, analyz-
ing patient visits and the nature of pathologies, and
conducting inventory of medical supplies and equip-
ment [68].

Of great importance is the interaction of mining
companies with local authorities and health agen-
cies, as well as with medical institutions in the capital
of the Kyrgyz Republic. All mining companies must
enter into contracts for medical services with highly
specialized medical institutions in the field of moun-
tain medicine.

CONCLUSIONS

The main principles of organizing and operating a medi-
cal station at an RIS located in high-altitude conditions
are: creation of medical infrastructure (depending on the
size of the working population), organization of a treat-
ment and preventive work system, development of a lo-
gistics system strategy, organization of communication
and evacuation measures.
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