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ABSTRACT

In Antarctica, it is extremely difficult to organise medical evacuations in winter. Antarctic physicians are
often alone and must be prepared to perform surgery and dentistry, even if they are not specialists. This
scoping review summarises epidemiological data on the types of surgical procedures performed in
Antarctica and identifies gaps in the literature in this area. We searched PubMed and Google Scholar,
without language restriction, for papers published between 1 January 1904, and 1 February 2022. Of the
35 papers on 12 Antarctic programs, very few were retrospective observational epidemiological studies;
the majority were medical reports. The search identified 41 surgical procedures or reasons for surgical
consultation, 19 different reasons for medical evacuations, and 12 causes of death that may have required
surgical management. The diagnostic classifications used and the prevalence of each reported surgical
speciality were heterogeneous. The most cited specialities were orthopaedics, dentistry, and digestive
surgery. Telemedicine was integrated into on-site care or medical evacuation decisions. The current
literature is poor, and most studies do not apply to surgical issues. The heterogeneous data collection
methodologies limit their interpretation. A standardised diagnostic classification and detailed and sys-
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tematic epidemiological registers will help define the contours of surgical management in Antarctica.

Introduction

The predominance of researchers in Antarctica has con-
tinued to grow since the establishment of the first official
base in February 1904 [1]. Research bases now welcome
nearly a thousand people in winter. This population quad-
ruples in summer [2]. Humans have to contend with
freezing temperatures [3] and winds at least as strong as
hurricanes [4]. In winter, air medical evacuations are extre-
mely complex and dangerous to organise due to the
permanent darkness as well as the frozen runways and
fuel (from —45°C). Thus, as any medical problems can
quickly lead to fatal consequences, they must be antici-
pated. Some Antarctic programs systematically organise
the medical screening of every member on their base
before departure. This assessment can include dental
care, chest X-ray, electrocardiogram (ECG), blood tests,
and urine samples [5,6], sometimes even going so far as
to perform a preventive appendectomy for future physi-
cians [7]. After their arrival, physicians often work alone on
their stations and are sometimes required to perform
surgical procedures for which they are not specialists. To

better guide surgical management, knowledge of the
pathologies encountered in Antarctica seems essential in
order to anticipate the medical equipment required at the
bases, to plan the management strategies, and to train
physicians before their departure.

The objective of this scoping review is to summarise
the surgical data available in the literature and to iden-
tify research gaps in surgical epidemiology in Antarctica
from the establishment of the first station to the
present day. To guide this study, we focused on the
following research questions:

(1) What were the population characteristics, and
how were the expedition members chosen?

(2) What was the prevalence of reasons for surgical
consultation?

(3) What types of surgery and anaesthesia were per-
formed on site?

(4) What were the reasons for medical evacuation
and the causes of death that may have required
surgical management?
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Materials and methods
Rationale and search strategy

This scoping review was carried out to identify existing
data and research gaps regarding surgical epidemiol-
ogy in Antarctica. Scoping reviews are appropriate in
areas where the existing literature on a particular topic
is initially uncertain. Arksey and O'Malley’s methodolo-
gical framework was followed [8]. The search strategy
involved the systematic search of Pub Med and Google
Scholar for literature published between January 1904
and February 2022, using keywords, with no language
restrictions (Table 1). The year 1904 corresponds to the
opening of the first permanent base in Antarctica. The
references of the selected publications were also
retrieved. Additional studies, not identified by the initial
search strategy, were added. An initial exclusion of
studies was made based on the relevance of titles.
Subsequently, abstracts and full texts were reviewed
for eligibility. The studies had to meet the inclusion
and exclusion criteria detailed below in order to be
included in the final list of publications for review.

Selection of studies

Two reviewers (CT and ML) screened all the titles iden-
tified by the search to select potentially relevant pub-
lications. The search results and full texts of the papers
were independently assessed by two reviewers.
Disagreements were resolved by consensus or by refer-
ral to a third reviewer (MH).

Inclusion and exclusion criteria

All studies, case reports, mission reports, and testimo-
nials published from 1904 to 2022 in peer-reviewed
journals related to medicine in Antarctica and reporting
at least one original surgical case or reason for surgical
consultation were included, without language restric-
tion. The study was based on the definition of “surgery”
according to the MeSH terminology: “operative proce-
dures on organs, regions, or tissues in the treatment of

Table 1. Keywords used for search strategy.

diseases, including the sectioning of tissues by laser”
[9]. Duplicate publications, papers whose full text could
not be found, and those not meeting all these criteria
were excluded.

Quality of data reporting

A data extraction table was developed. For each study,
the following data were recorded: title, authors,
and year of publication; type of study; period under
study; stations concerned; selection strategy used for
the expedition members; population characteristics (i.e.
number, age, sex); number of medical consultations
during the study period; diagnostic classification used;
epidemiological data concerning surgery; surgical pro-
cedures performed; type of anaesthesia; pathology
requiring surgery; any complications; medical evacua-
tions; causes of death that may have required surgery;
use of telemedicine and means of communication, and
study limitations. The way in which the surgical ges-
tures were defined by the authors of each study was
taken into account. Their terminology was retained in
the discussion of the results. An “unknown” subgroup
was used to list cases related to a surgical speciality that
did not describe the type of procedure or reasons for
performing it.

Ethics committee evaluation

This scoping review is a non-interventional study. It
preserves the anonymisation of data collected in the
literature. No participants were included in the study,
and no patients were exposed to any risk of physical
harm, discomfort, or inconvenience. Therefore, the
review was not submitted to an ethics committee for
approval.

Results

The initial search strategy identified 1,466 publica-
tions: 735 on Pub Med and 731 on Google Scholar.
Of these, 77 were retained after excluding studies

Database Pub Med

Google Scholar

Keywords (antarctic [MeSH terms] AND surgery [MeSH terms]) OR (medicine
[MeSH terms] AND antarctic [MeSH terms]) OR (epidemiology [MeSH
terms] AND antarctic [MeSH terms]) OR (dental [MeSH terms] AND

antarctica [MeSH terms]) OR (antarctic [MeSH terms] AND

emergency [MeSH terms]) OR (telemedicine [MeSH terms] AND

antarctic [MeSH terms]) OR (evacuation [MeSH terms] AND

antarctica [MeSH terms]) OR (case report AND surgery [MeSH terms]

“Antarctic surgery” OR “Antarctic medicine” OR “Medicine in
Antarctica” OR “Antarctic epidemiology” OR “Antarctic dental” OR
“Antarctic telemedicine” OR “Antarctic evacuation” OR “Polar
Surgery” OR “Polar medicine” OR “Polar epidemiology” OR
“Antarctica health” OR “Antarctic anaesthesia” OR “Antarctic
physician” OR “Emergency Antarctic” OR “Telemedicine in
Antarctica”

AND Antarctica [MeSH terms]) OR (health care [MeSH terms] AND

Antarctica [MeSH terms])




PubMed
(n=735)

l
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Google Scholar
(n=731)

!

Records identified
through database screening (n=1,373)
(n=1,466) ’

Excluded records

l

Records screened

Duplicates removed
(n=93) (n=9)

Exclusion of studies with
unavailable full texts
(n=7)

Full texts assessed for eligibility

(n=77)

Publications identified from

Publications excluded (n=49) due to:

reviewing referencies
(n=7)

No Antarctic surgery data (n=36)
No original data (n=13)
Older than 1904 (n=0)

Publications included in the review

(n=35)

Figure 1. Flowchart.

not meeting the selection criteria (n=1,373), dupli-
cate publications (n=9), and unavailable full texts (n
=7). After evaluating the full texts and manually
cross-checking the references, 7 new publications
were evaluated. After reading all the full texts, the
most frequent reason for exclusion was the absence
of surgical data in Antarctica (n =36). The other rea-
son was the lack of original data (n=13). In the end,
35 publications were included in the study
(Figure 1).

Characteristics of the reviewed publications

Publications type

Most publications were mission medical reports (n =19)
[6,10-27] and retrospective descriptive observational
epidemiological studies (n=8) [28-35]. The remainder
were case reports (n =5) [36-40] along with a logbook
report (n=1) [41], scientific mission report (n=1) [42],
and scientific committee workshop (n=1) [43].

Year of publication and number of countries
publishing data

The reviewed publications were published between
1958 [17] and 2020 [20]. A total of nine countries pub-
lished data on surgical epidemiology: eight in Japan
[18,21,22,26,29,31,35,43], seven in India
[10,11,15,19,30,33,42], six in Australia [12,13,16,36,38,40],
five in the United Kingdom [14,24,27,39,41], four in the
United States [17,23,32,34], two in Russia [25,37], one in
Ukraine [28], one in the Czech Republic [20], and one in
France [6]. These publications related to 33 Antarctic and

sub-Antarctic stations belonging to 12 different countries
(Figure 2).

Periods covered by the publications

The publications covered periods stretching from 1901
to 2018 (Figure 3), although no data were reported
between 1917 and 1946. The time interval studied var-
ied in the publications from a few months
[10,11,17,19,23,25,30,32,39,42] to about 60 years [22,31].

Medical screening and selection of expedition
members

Several publications described their selection strategy for
expedition members. Four studies mentioned follow-up
medical visits to the general practitioner [6,30,36,38],
surgeon [30], ophthalmologist [6,30], dentist and ear,
nose, and throat (ENT) specialist [38], stomatologist [6],
or psychological interview [18,30,38]. Personal medical
and surgical history was also collected [6,36,38]. Several
blood tests were performed such as a complete blood
count [6,30], liver test and kidney test [30], blood sugar
[6,30], serum cholesterol and triglyceride levels [6,30,38],
serology (HBV, syphilis) [36,38], blood group typing
[6,36], coagulation test and uric acid assay [6]. These
tests could be supplemented with a urine sample by
routine microscopy [6,30]. In terms of cardiorespiratory
fitness, routine examinations were carried out such as an
ECG, chest X-ray [6,30,36,38], and stress test if necessary
[6,30]. Other complementary examinations were also
mentioned in the literature such as a brain scan, electro-
encephalogram, abdominal ultrasound, and gastroscopy
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Figure 2. Antarctic stations cited in the publications classified by the Antarctic program corresponding to the period under study.
For example, the Hope Bay station belonged to the British program in 1970 but was transferred to the Uruguayan program from
1997. Argentine Island station was transferred to the Ukraine on 6 Feb 1996 and renamed Vernadsky. Adelaid Island was transferred
to Chile 14 Aug 1984 and renamed Teniente Luis Carvajal Villaroel Antarctic Base [2,44].

Year
1900 1907 1915 1922

41(1901-1917) |

1930 1937 1945 1952

1960 1967

34 (1946-1961)

1975 1982 1990 1997 2005 2012 2020

13 (1947-1972)
38 (1947-1978) J

[ 240951-1970) ]
17 (1956-1957)

14 (1956-1980)

35 (1956-1999) |

29 (1956-2001) ]

18 (1956-2003) |

21 (1956-2004) J

22 & 31 (1956-2016) ]

Figure 3. Time periods covered by the reviewed publications.

[18]. In addition, one publication [28] described a set of
medical examinations combined with clinical-biological
parameters measured specifically to assess physiological
variations during this mission.

Population characteristics

Overall, 20 publications described the characteristics of
the populations present on the bases such as the num-
ber of people, average age, and sex [12-14,16-
18,20,22,23,26,28-35,42,43] (excluding case reports).

37 &40 (1961)
27 (1961-1970)
6(1964-1972)
26 (1966-1998) ]

Uz5197D)

36 (1977-1981)
12 (1977-1985)
16 (1978-1982)

33 (1993-2011)

23 (1995)

19 (1995-1996)

11 (1996-1997)

43 (1997-2007)
10 (2001-2002)

42 (2003-2004)
Ll_d 15 (2004-2006)
39 (2005)
20 (2007-2018)
[J 30 (2008-2009)
28 (2011-2020)
32 (2013-2014)

Seven publications [18,23,26,29,31,33,35] reported the
presence of women on the bases. Quantitatively, in the
Japanese Antarctic Research Expedition (JARE), 5% of
members were women from 2002 to 2015 [18] com-
pared with only 3 women out of 1,236 members from
1956 to 2001 [29]. In the JARE, there were 2 women out
of 1,156 members from the 1st to 39th expedition,
followed by 27 women out of 578 members from the
40th to 56th expedition [31]. In 1995 in McMurdo, there
were 63 women out of 244 members [23]. In the Indian
Scientific Expedition to Antarctica (ISEA), a total of 2



women and 325 men were present on the 13th, 15th,
17th, 22nd, 24th, 27th, and 29th expeditions [33]. In
1998, it was mentioned that there were 7 women out
of 28 members in Amundsen-Scott South Pole station, 4
women out of 19 members in Mawson, 2 women out of
16 members in Arctowski, and 2 women out of 39
members on the 39th JARE expedition [26]. In other
publications, men  were  exclusively  present
[13,16,17,28,35].

The age of expedition members on the bases was
mentioned in seven studies. The Akademik Vernadsky
station reported an average age of 37 years (range: 20
to 60years) during 20 expeditions [28]. The JARE
reported an average age of 34.1 years during the 1st to
56th expeditions from 1999 to 2016. After the 38th
expedition, the average age ranged from 35 to 39 years
[31]. For the 39th JARE expedition, the average age was
36.5 years (range: 24 to 57 years) [35]. JARE members had
an average age of 37 years in 2015 [18] compared with
33 years (range: 21 to 56 years) from 1956 to 2001 [29].
Finally, the ISEA reported an average age of 43years
(range: 27 to 59 years) in 2008 and 2009 during its 27th
expedition [30]. In a 1998 survey of 14 stations, Syowa
Station reported an average age of 35.1 years (range: 25
to 56years). For Halley Bay and Rothera, the age of
expedition members ranged from 23 to 41 years [26].

Only one publication [30] detailed the comorbid-
ities of 9 out of 26 expedition members as well as
their treatment and any modifications made before
the mission. For two diabetic patients, their treatment
was adapted. One patient initially on homoeopathy
for haemorrhoids took a cream with beclomethasone,
phenylephrine, and lidocaine. Another patient with
poor oral health received antibiotic treatment with
cephalexin. Five other patients with arterial hyperten-
sion (2 patients), chronic lower back pain (1 patient),
gingival hyperplasia (1 patient), and cerumen plugs (1
patient) received advice or kept their initial
treatment.

Diagnostic classifications used

The classifications used for medical-surgical diagnoses
were only specified in four publications. Two were
based on the International Classification of Disease,
version 10 (ICD-10) [33] and ICD-1975 [14]. The third
was based on the International Statistical Classification
of Diseases, Injuries, and Causes of Death 1955 [13]. The
last publication used a non-standard classification

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH e 5

created by the author [35]. Regarding dentistry, no
publication included a reference for the classification
of surgical procedures.

Surgical gestures and reasons for surgical
consultation

Nine surgical specialities were identified in this review.
For each speciality, the surgical procedures performed,
the reasons for surgical consultation, and the type of
anaesthesia are reported below. A total of 41 surgical
procedures or reasons for surgical consultation were
identified (Table 2). The category “surgery” was cited
in four publications [21,22,33,43] and “surgery and
trauma” in 10 publications [12,13,18,25,26,28,29,34,35],
although it was not possible to precisely define the
relevant surgical specialities. The prevalence of the “sur-
gery” category varied from 13% to 20% across all con-
sultations [21,22]. Regarding the category “surgery and
trauma”, its prevalence varied from 1.2% to 52% [28,34].

Orthopedic surgery
Among the 25 papers dealing with orthopaedic surgery, 15

types  of  surgical interventions  or  reasons
for surgical consultation were identified, excluding
the  “unknown”  category. The three  most

cited categories were frostbite [12,18,19,25,27,29,30,34,35],
fractures [12-14,18,19,23,27,34,35], and wounds
[10,12,15,27,30,31,33,35,41]. The type of anaesthesia was
not systematically described, although some procedures
were performed under general anaesthesia such as the
partial amputation of a big toe, the reduction of femoral
fracture [19], several other toe amputations, and “foot repair
with joint damage” [41]. No complications were described.

Digestive surgery

Among the 18 papers dealing with digestive surgery,
seven types of surgical intervention or reasons for surgi-
cal consultation were identified, excluding the
“unknown” category. The most cited was appendectomy
or appendicitis [6,13,14,22-24,26,27,30-32,35,37,41,42]
followed by haemorrhoids [12,27,30,31,35]. The reported
prevalence ranged from 0.1% to 2% of all consultations
[12]. A few publications described procedures performed
under general anaesthesia such as laparotomy with drai-
nage for abdominal pain complicated by oedema with
hypoproteinemia and oral and gastrointestinal candidia-
sis [36] as well as several appendectomies [24,41,42].
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Table 2. List of surgical procedures or reasons for surgical consultation listed in the literature.

Surgical
speciality Surgical procedures or reason for consultation Numbers of publications per item General anaesthesia
Orthopedic Incision & drainage of pus from ankle n=11[11]
Amputation (toes, big toe, not detailed) n=>5[12,13,19,27,41] Partial amputation of
the big toe [19],
and other toes
[41]
Fractures (tibia/fibula, medial malleolus, limbs, n=9 [12-14,18,19,23,27,34,35] Femoral fracture
facial bones, vertebrae, arm, thorax, pelvis, reduction [19]
femor, mandible, wrist)
Dislocation n=2[12,23]
Animal bites n=2[1227]
Nerve damage n=11[12]
Foreign bodies n=5[12,27,30,31,35]
Superficial and deep wound n=9[10,12,15,27,30,31,33,35,41] Foot repair with joint
damage [41]
Tendon injuries n=11[12]
Exostosis n=11[13]
Frostbite n=2[13,27]
Soft tissue infection n=1[30]
Nail trauma n=1 [30]
Crushed member n=1[27]
Not detailed — unknown n=16[6,12,13,18,21,22,25,26,29—
33,35,38,43]
Digestive Inguinal hernia n=2[12,27]
Hemorroids n=5[12,27,30,31,35]
Laparotomy & drainage n=2[27,36] [36]
Gastrointestinal bleeding n=1[36]
Appendicitis n=15 [6,13,14,22-24,26,27,30- [24,41,42]
32,35,37,41,42]
Bleeding duodenal ulcer or ulcerative colitis n=2[27,38]
Peritonitis n=1[24]
Not detailed — unknown n=16[12,13,18,21,22,25-33,35,43]
General Tumor removal n=1[10]
Polytrauma n=3 [14,22,26]
Skin tumour n=2 [31,35]
Sebaceous cyst n=11[27]
Breast tumour n=1[27]

Eye surgery

Urological

ENT

Neurosurgery

Thoracic

Dentistery

Not detailed — unknown
Eye injuries due to foreign bodies

Eye injuries after blunt trauma

Not detailed — unknown

Urolithiasis

Vesicostomy

Not detailed — unknown

Pharyngeal foreign bodies

Epistaxis

Facial trauma

Not detailed — unknown

Intracranial haemorrhage due to aneurysm

Subarachnoid haemorrhage due to cerebral aneurysm

Chest drainage for bronchial occlusion after inhaling foreign
body

Dental fillings (caries)

Tooth restoration (fracture, amalgam)

Incision & drainage (abscesses)

Dental extraction

Light astringent treatment

Not detailed — unknown

n=>5[21,22,28,33,43]
n=5[15,24,27,31,35]

n=3[19,3541]

n=121[6,12,18,21,22,28-31,33,35,43]
n=3[13,32,35]
n=2[26,31]
n=7[13,21,22,28,29,31,35]
n=2 [31,35]
n=1/[12]
n=1[27]
n=10 [21,22,28-33,35,43]
n =3 [13,24,40]

= 7
n=1[39]

n=7 [11,14-16,27,31,35]
n=5 [16,17,20,31,35]
n=2[16,27]
n=41[16,17,27,41]
n=11[17]
n=16[12,13,18,21,22,25-33,35,43]

For enucleation of an
eye due to
a foreign body
[24]
For enucleation of
a traumatic eye
[41]

For craniotomy,
aspiration [40]

[41]

General surgery

Among the 18 publications dealing with general surgery,
five types of surgical intervention or reasons for surgical
consultation were identified, excluding the “unknown”

category. These procedures could not be classified
according to a particular speciality as in the case of poly-
trauma, breast tumour removal, or cyst removal
[10,14,21,22,26-28,31,33,35,43]. One publication reported



the prevalence of general surgery to be 26% of consulta-
tions [30]. General anaesthesia and complications were
not reported for this category.

Eye surgery

Among the 16 papers dealing with eye surgery, two types
of surgical intervention or reasons for surgical consulta-
tion were identified, excluding the “unknown” category.
The procedures mainly concerned intraocular foreign
bodies [15,24,27,31,35] and trauma [19,35/41]. Two pub-
lications mentioned the enucleation of a traumatic eye
under general anaesthesia between 1907 and 1909 during
the Nimrod expedition as well as an eye infected by
a foreign body in 1951 [24,41]. No complications were
reported.

Urological surgery

Among the 10 papers dealing with urological surgery, two
types of surgical intervention or reasons for surgical consul-
tation were identified, excluding the “unknown” category:
a vesicostomy for urinary retention [26,31] and urolithiasis
management [13,32,35]. No publication mentioned surgery
under general anaesthesia or any complications.

ENT surgery

Among the 10 papers dealing with ENT surgery, three
types of surgical intervention or reasons for surgical con-
sultation were identified, excluding the “unknown” cate-
gory. These related to the removal of pharyngeal foreign
bodies [31,35], the management of epistaxis [12], and
facial trauma [27]. One publication reported the preva-
lence of ENT surgery to be 0.10% of consultations [12]. No
publication mentioned surgery under general anaesthesia
or any complications.

Neurosurgery

Among the four papers dealing with neurosurgery, one
case of recurrent subarachnoid haemorrhage on the
right common carotid artery aneurysm was mentioned
on Halley Bay and had been evacuated [27]. On
Mawson station, one intracranial haemorrhage on
aneurysm of the anterior communicating artery
required craniotomy and aspiration under general
anaesthesia [13,24,40]. This intervention was compli-
cated by the recurrence of symptoms, requiring a new
aspiration on the 32nd day; the patient experienced an
epileptic seizure and confusion on the 45th day, requir-
ing medical evacuation.

Thoracic surgery

Only one publication reported the insertion of a chest drain
for bronchial occlusion following the inhalation of a foreign
body [39]. The type of anaesthesia was not mentioned. The
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patient would have had subcutaneous emphysema before
the insertion of the drain, although no complications were
reported.

Dentistry

A total of 22 papers mentioned surgical dental procedures,
excluding the “unknown” category. The three most cited
categories were the management of decayed or abscessed
teeth [11,14-16,27,31,35], post-traumatic dental restora-
tions [16,17,20,31,35], and dental extractions [16,17,27,41].
More than half of the publications reported the prevalence
of dental surgery to range from 0.1% to 51.5% of consulta-
tions [12,13,17,18,21,22,25,26,28-33,35,43]. The use of gen-
eral anaesthesia was described for dental extractions [41].
Some dental abscesses were complicated by alveolar ostei-
tis [171.

Reasons for medical evacuations (MEDEVAC) for
surgery

Overall, 14 publications described medical evacuations for
possible surgical management [11, 13, 14, 18, 19, 22, 24, 26,
27, 32, 36,38-40]. Two evacuation strategies were identi-
fied. The first involved evacuating patients from one
Antarctic station to another. This was the case of the
Russian station of Novolazarevskaya, which transferred
patients to the Indian station of Maitri in the absence of
a physician available to provide dental care [11].
The second strategy was to evacuate patients from the
Antarctic continent [18,19,22,24,26,27,36,38-40]. Several
publications mentioned such evacuations without specify-
ing the place of arrival [13,14,26,32,38] (Table 3).

Importance of telemedicine

The use of telemedicine was mentioned in 13 studies
[14,18,21,24,26-28,30,36,38-40]. The grounds for obtaining
telemedicine services related to the provision of assistance
with on-site care or the logistical discussion of a medical
evacuation. Intercontinental calls were directed towards
centres specialised in telemedicine [21,24,26,36,38,39] or
towards national centres with a doctor with the required
speciality [18,27,28,40]. It was also possible to seek advice
from a doctor at a nearby station [14,19,30]. The cited
means of communication were radio [14,36,38,39], radio
telegram [24,40], and telephone or fax [26]. More recent
means of communication included satellite television [18].

Only one publication mentioned the frequency of use of
telemedicine services. Syowa station reported that it organises
a monthly consultation. The base physician sends medical
reports to a doctor in the home country who responds with
specialised advice and information [21]. Some of these medical
opinions led to medical evacuations: a case of abdominal pain
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Table 3. List of MEDEVAC reasons for surgery in Antarctica and their destination from 1904 to 2018.

Surgical Reference
speciality Pathologies number Departure station Arrival point
Orthopedic Pelvic fracture [18] Syowa Japan
[26] JARE station NR
Femur fracture [18] Syowa Japan
[19] Maitri India
Polytrauma: one case of femur and cervical fracture, one case of pelvic [22] Syowa Japan
fracture and ureter injury
Tibiofibular fracture [13] Casey OR Mawson OR NR
Wilkes
Fracture of the medial malleolus [13] Casey OR Mawson OR NR
Wilkes
Exostosis of humerus [13] Casey OR Mawson OR NR
Wilkes
Facial and spinal trauma [14] Halley Bay NR
Unspecified trauma [32] McMurdo NR
[38] ANARE station NR
Fall into a crevasse [31] JARE station NR
Digestive Gastrointestinal haemorrhage [36] Davis Christchurch (New
Zealand)
Abdominal pain explored by laparotomy and drainage [36] Casey Australia
Appendicitis [13] Casey OR Mawson OR NR
[26] Wilkes New Zealand
[32] McMurdo NR
McMurdo
Ulcerative colitis [27] Argentine Island Argentina
Urological Kidney stone [13] Casey OR Mawson OR NR
[32] Wilkes NR
Amundsen Scott
Cystoostomy on prostatic hypertrophy [26] Syowa NR
ENT Inhaled foreign body [39] Rothera Montevideo
(Uruguay)
Neurosurgery Intracranial haemorrhage due to aneurysm [13,24,40] Mawson Christchurch (New
Zealand)
Subarachnoid haemorrhage due to cerebral aneurysm [27] Halley Bay London (United
Kingdom)
Dental Dental care [11] Novolazarevskaya Maitri (Indian
station)
Not detailed No diagnosis [13] Casey OR Mawson OR NR
Wilkes

Note : JARE: Japanese Antarctic Research Expedition, ANARE: Australian National Antarctic Research Expedition, NR: Not Reporter, ENT: Ear, Nose, Throat.

[36], a perforated duodenal ulcer [38], a femoral fracture [19],
repeated subarachnoid haemorrhages due to cerebral aneur-
ysm [27], enucleation [24], and intracranial aneurysm [13,24,40].

Causes of death that may have required surgery

Seven studies reported cases of death that may have
required surgery. The leading causes of death were due
to accidents such as tractor accidents [13,14,22,26,28],
airplane accidents [26,34], climbing [13], falling into
a crevasse [26,27,34], parachute jumps, and toboggan
crossings [26]. Neurological and digestive pathologies
such as appendicitis, cerebral haemorrhage [13,38], gas-
tric perforations [13,26,38], peritonitis [24], and ulcera-
tive colitis [27] were also reported.

Study limitations according to the publication
authors

The study limitations most often cited by the authors
themselves related to a lack of precision in the medical

reports written during the missions [12,14,31,32] and
the absence of an adequate and uniform classification
of health problems [13,14,31,32], thus making any com-
parisons difficult.

Discussion

This scoping review identified 35 publications from 12
countries reporting surgical epidemiological data on
the Antarctic continent. The vast majority of the periods
studied were after 1945. The publications were mostly
medical reports and mission reports. The review identi-
fied 41 surgical procedures or pathologies requiring
surgical consultation (for orthopaedic, digestive, gen-
eral, ophthalmological, urological, ENT, neurosurgical,
thoracic, and dental pathologies), 19 different reasons
for surgical evacuations, and 12 reasons for death that
may have required surgical treatment. The prevalence
identified in the publications relative to the total num-
ber of medical consultations ranged from 0.1% to
51.5% in dentistry, from 13% to 20% in surgery (without



specifying the speciality), from 3% to 92.6% in surgery
and trauma, from 0.1% to 2% in digestive surgery,
0.10% in ENT, and, 26% in general surgery.
Shortcomings were identified in terms of the data col-
lection methodologies and the archiving of cases.

Strengths and weaknesses

This scoping review is the first paper to map and sum-
marise surgical epidemiological data from Antarctica.
This type of study provides an overview that is not
possible with more traditional systematic reviews.
Nevertheless, we recognise that scoping reviews do
not provide a critical and structured assessment of
each included study. This review was also limited to
the literature available on the internet. It therefore did
not analyse all the grey literature, which could lead to
a substantial underestimation of the number of cases
that actually occurred. Additionally, some papers could
not be included, as their full text was unobtainable. This
review may therefore have missed some publications.

Research gaps

First, this exploratory review identified differences in
the classification of surgical conditions. None of the
studies defined the term “surgery” or described the
associated procedures. The surgical nature of
a gesture therefore risked being determined based on
the subjective criteria of the authors. In the publica-
tions, for example, wounds could be classified as surgi-
cal [30,31,35,41] or not [12,33], as could fractures
[14,35]. Currently, there are no classifications of surgical
procedures [45]. Some studies used the international
ICD classification to classify the reasons for consultation,
but the data are organised by physiological system or
anatomical region without taking into account the pos-
sible surgical nature of the intervention. The authors
therefore used a second classification strategy to detail
the type of management [13,33,35] or described the
pathologies according to the ICD classification [14].
Second, gaps were highlighted regarding the geo-
graphical coverage of epidemiological data. Only 12
Antarctic programs were represented in the publica-
tions out of a total of 30 countries present in
Antarctica. Half of the papers were published by five
countries, namely Japan, India, Australia, the United
States, and United Kingdom. The reasons why some
countries did not publish surgical data are not known.
This may be due to the impossibility of providing on-
site surgical care, a lack of standardisation in data col-
lection methods, or a desire to keep data confidential.
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In addition, there was significant heterogeneity
between studies regarding their prevalence estimates,
which could be due not only to their data collection
methodology but also to the population characteristics,
the medical criteria for recruitment, or differences in
exposure to environmental constraints. When collecting
the age and gender of expedition members, the
authors did not necessarily take into account the winter
or summer season. This can lead to confusion bias.
Therefore, only trends can be identified after analysis
of these elements. To seriously discuss these issues, it is
necessary to study two teams separately. This will be
the subject of a new study.

Characteristics of the population

Concerning the characteristics of the population
described in each publication, the male sex was clearly
predominant on all the missions, if not exclusively
[13,16,17,28,35]. However, the presence of women
seems to be increasing [18,23,26,29,31,33,35]. In the
future, this trend could be taken into account in the
risk of women's specific pathologies, as well as in the
preparation of physicians. To date, only one publication
mentioned the existence of a mammary surgical pathol-
ogy. This was the case of Dr. Jerri Nielsen, who self-
diagnosed her right breast tumour in 1999 while work-
ing at the Amundsen Scott station. She had to train
a carpenter and a welder to help her perform the fine
needle biopsy [46].

As for the average age of expedition members, it
varied from 37 years [18] to 43 years [30], which sug-
gests that the Antarctic population was rather young.
However, this interpretation can be misleading since
the age range was quite wide. In the reviewed publica-
tions, the youngest member was 20 and the oldest was
60 years [28]. This difference could have an impact in
terms of comorbidities, although it remains limited due
to the rigorous medical selection strategy.

Medical selection strategy

Indeed, medical selection is more than necessary to
avoid the occurrence of pathologies, which could have
life-threatening or functional complications in this iso-
lated environment. To date, there are no standardised
medical examinations carried out before departure.
Most Antarctic programs required potential expedition
members to consult a general practitioner and to
undergo a psychological evaluation, routine blood
tests, basic cardiorespiratory analysis (ECG, chest X-ray)
[6,30,36,38], and abdominal ultrasound, although some
programs go so far as to request more invasive
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examinations such as a gastroscopy [18]. The choice of
medical examinations carried out during the selection
process necessarily implies a good epidemiological
record. This scoping review is therefore a starting
point for future research. Lessons could also be learned
from the medical selection of astronauts sent to the
International Space Station, which requires candidates
to carry out medical examinations adapted to their
ethnicity such as gastric endoscopy for Russians and
Japanese given their respective risks for gastric ulcers
and gastric cancer [47].

Identifying the reasons for medical evacuations

Despite this selection procedure, medical evacuations,
though rare, were sometimes unavoidable. The evacua-
tions could be organised from one station to another,
but most often they involved travelling outside
Antarctica. Sometimes, it was necessary to organise
the evacuation in several stages and call for interna-
tional collaboration. This was the case with the repatria-
tion of a patient with intracranial haemorrhage on
Mawson; he was transferred to the Mirny and
McMurdo stations before travelling to New Zealand
[40]. The decision to evacuate depends on a variety of
factors such as the weather conditions, the clinical sta-
bility of the patient, and the human capacities and
equipment available at each base. Nevertheless, nearly
98% of medical complaints are still treated on site in
Antarctica [48]. In this review, evacuations concerned
more than half of the surgical specialities listed in the
publications. The main reasons were orthopaedic and
visceral. Greater precision in reporting the prevalence of
each surgical speciality could allow us to establish cor-
relations with the reasons for evacuation and thus
improve the management of on-site care.

The benefits of telemedicine in Antarctica

The use of telemedicine makes it possible to delay eva-
cuation for as long as possible. The lack of access to
specialists in Antarctica is less problematic now due to
improved telecommunications. In the past, contacts
were limited to radiotelegraphy. From the 1980s
onwards, satellite telecommunications were gradually
introduced into the stations. Then, in the 2000s, some
of them were equipped with a constant connection and
the ability to send moving images [21]. In the austral
winter of 2015, a Casey doctor was able to benefit from
the latest telecommunications technologies in
Antarctica. After fracturing his dominant hand, the doc-
tor received a specialised medical opinion from a hand
surgeon in Hobart who concluded that an immediate

reduction was necessary due to the severity of the frac-
ture and the impossibility of evacuation in the middle of
winter. The procedure was performed under local anaes-
thesia by non-professional surgical assistants trained
before the mission. The hand surgeon provided real-
time telemedical support, while an anaesthetist moni-
tored the vital parameters [49]. The frequency of tele-
medicine will probably increase in the coming years due
to its growing effectiveness.

Despite all the safeguards, deaths in Antarctica are
still to be deplored. The causes of death that could have
required surgical management were often due to poly-
trauma following outdoor accidents [13,14,22,26-28,34]
or otherwise complications of digestive pathologies
[13,24,26,27,38]. Reducing the number of accidents
could be achieved through greater prevention mea-
sures with regard to the environment-related risks.

Conclusion

This is the first review to map and summarise surgical
epidemiological data from Antarctica. The gaps identi-
fied in this review should contribute to the develop-
ment of new well-designed studies. Harmonizing the
classifications used for surgical pathologies as well as
the methodology used for collecting data should be
explored in order to effectively compare the surgical
epidemiology of all the stations. Retrospective descrip-
tive studies using the same indicators will help fill these
gaps and better define the contours of surgical man-
agement in Antarctica, notably the population charac-
teristics, the time scales studied, the medical equipment
available at each base, the type of procedures per-
formed, the anaesthesia used, the related complica-
tions, and the use of telemedicine. This future work
will make it possible to create a centralised epidemio-
logical database in order to improve medical prepared-
ness, the care provided and to plan cooperatively
workforce and resource allocation.
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