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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. Greenlandic patients may be referred to Denmark for specialised diagnostics and treatment. The main
collaborator for these activities is the National University Hospital, Rigshospitalet, Copenhagen. We aimed to investigate the
referral pattern of Greenlandic paediatric patients to Rigshospitalet.

METHODSMETHODS. This was an observational quality assurance project comprising all Greenlandic patients below 18 years who
received healthcare services at Rigshospitalet in the 2017-2021 period. This period was chosen to obtain the most updated,
available and coherent data possible. Unique patients and disease courses were stratified by paediatric subspecialities and
procedures.

RESULTSRESULTS. During the five-year period, a total of 310 unique patients were referred to Rigshospitalet, resulting in a total of 676
disease courses and yielding an average 62 annual referrals of paediatric Greenlandic patients. This represents around 0.5% of
all Greenlandic children. Age groups were distributed as 28% aged 0-1 years, 23% 2-4 years, 13% 5-9 years, 21% 10-14 years
and 16% 15-17 years. During the study period, the number of disease courses increased by 89% with most patients being
managed as outpatients. The subspecialities with most referrals were ophthalmology (17%), oto-rhino-laryngology (16%) and
cardiovascular diseases (10%).

CONCLUSIONS.CONCLUSIONS. Approximately 0.5% of Greenlandic children were referred annually to Rigshospitalet with a marked increase
being observed during the five-year study period. We observed a shift towards an increasing proportion of outpatient
treatments at Rigshospitalet.

FUNDING.FUNDING.  None.

TRIAL REGISTRATION.TRIAL REGISTRATION. Not relevant.

Citizens below 18 years of age constitute 23% (n = 13,100) of the Greenlandic population totalling 56,421
inhabitants [1]. To support tertiary-level healthcare across all specialities, a population size of 200,000-250,000
inhabitants or more is required [2-4]. Hence, a longstanding collaboration on referrals for diagnostic work-up
and treatment exists between Greenlandic healthcare and Rigshospitalet, a tertiary national university hospital
in Denmark for children and adults [5, 6].

In Greenland, paediatric disease patterns, including specialised care, are sparsely investigated, but a review
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found that Greenlandic children have a disease profile similar to other Western societies [7]. A study from 2016
reviewed medical records of a subgroup of children (n = 311) aged 6-10 years residing in Nuuk or Ilulissat,
identified respiratory (pneumonia, acute bronchiolitis), eye (conjunctivitis), ear (otitis media) and dermatologic
(rash) diseases as the most common causes of inpatient and outpatient contacts [8]. Additionally, the study
described an annual 10% incidence of hospital admission and a mean hospitalisation duration of 4.6 days.
Compared with children in Denmark, Greenlandic children had fewer primary care contacts, but more frequent
and longer hospitalisations, although this may reflect organisational factors such as transport logistics [8].

The national hospital in Greenland is Queen Ingridʼs Hospital in Nuuk, which comprises a paediatric department
with capabilities to perform imaging (ultrasound scanning, CT and MRI) and the majority of blood and
microbiology analyses [9]. The collaboration between Greenlandic healthcare and Rigshospitalet includes
courier services covering selected advanced blood tests and microbiological along with pathological analyses to
Denmark for analysis and interpretation, telemedicine conferences between local physicians and experts at
Rigshospitalet, regular specialist visits to Greenland and, ultimately, air transport of patients from Greenland to
Rigshospitalet.

Our primary aim was to establish a knowledge base on paediatric patient referrals by investigating referral
patterns from Greenland to Rigshospitalet within a quality assurance project. The ultimate goal is to optimise
future care for Greenlandic children. To the best of our knowledge, the collaboration between Greenlandic and
Danish healthcare for Greenlandic children has not previously been investigated.

METHODSMETHODS

Study design and populationStudy design and population

We used unique personal identification numbers of Greenlandic residents to access information on patient
referrals to Rigshospitalet, Denmark. From 1 January 2017 to 31 December 2021, all diagnostic (International
Classification of Diseases (ICD)-10) and procedure codes of Greenlandic children and adolescents aged 0-17 years
were obtained from the administrative system at Rigshospitalet. This period was chosen to obtain updated data
but was limited due to data management changes. We grouped diagnostic codes into medical specialities and
found the three most common diagnoses across each subspecialty. Procedure codes were classified into
treatment-related and examination-related codes and, thereafter, sub-areas. In a sub-analysis, we estimated the
proportion of diagnoses for unique patients that were congenital or genetic rather than acquired.

Patients were categorised by unique patients and number of disease courses, which we defined as one or more
contacts/visits for a patient within a 30-day period, reflecting a Greenlandic patient coming to Denmark for
diagnostic work-up and/or treatment as patients can have one or multiple contacts/visits during a disease course.
Patient referrals across hospital departments within Rigshospitalet were considered separate contacts/visits,
except for diagnostic centre services. Patients with contacts/visits more than 30 days apart, either because of
outpatient visits or hospitalisation, were categorised as having two disease courses, as these patients may have
returned to Greenland in the interval. Disease courses per patient may therefore be utilised as an estimate for
the number of travels per patient. This estimate, however, carries a margin of error as a small percentage of
patients may travel to Rigshospitalet twice within 30 days. We investigated the duration of hospitalisation in the
2019-2021 period as data were not obtainable for the full period due to data management changes in 2019.

Statistical analysis and approvalStatistical analysis and approval

Continuous variables are presented as means with standard deviation. Categorical variables are presented as
frequencies and percentages. Paediatric patients were stratified into five age groups (0-1, 2-4, 5-9, 10-14 and 15-17
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years) and by paediatric subspeciality. The Board of Directors at Rigshospitalet approved this study as a quality
assurance project.

Trial registration: not relevant.

RESULTSRESULTS

In the 2017-2021 period, a total of 310 unique paediatric patients were referred to Rigshospitalet, resulting in a
total of 676 disease courses and 2,042 visits or contacts. The mean annual number of referred patients was 62,
representing approximately 0.5% of the 13,100 Greenlandic citizens ≤ 18 years of age. We observed an overall
89% increase in disease courses (from 94 in 2017 to 178 in 2021) despite a slight decrease from 2019 to 2021
(Figure 1Figure 1). Among the referred children, girls represented 43% (Supplementary Figure 1Supplementary Figure 1) and the mean age was
7.0 years, with half of the patients being less than five years old. Age groups were distributed as follows: 100
(28%) patients were 0-1 years old, 83 (23%) 2-4 years, 45 (13%) 5-9 years, 75 (21%) 10-14 years and 57 (16%) 15-17
years (Figure 2Figure 2). Half of the paediatric patients (48%) had only one disease course at Rigshospitalet, 23% had two,
13% had three, 9% had four, and the remaining 7% had five or more disease courses. See Supplementary FigureSupplementary Figure
22 for seasonal variation of disease courses.
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Paediatric patients were increasingly managed as outpatients, with an outpatient/hospitalisation ratio of 1.4 in
2017 and 3.6 in 2021 (Supplementary Figure 3Supplementary Figure 3). The number of hospital admissions declined by 28%, and the
number of outpatient visits increased by 86%. In 2019, the mean length of hospitalisation was 4.6 days,
increasing to 5.9 days in 2020 and 6.4 days in 2021, yielding an overall mean duration of 5.4 days (median 2.0
days) in the 2019-2021 period.

Distribution by subspecialitiesDistribution by subspecialities

The majority of patientsʼ diagnoses were within the area of ophthalmology (17%), followed by oto-rhino-
laryngology (16%), cardiovascular disease (10%), neurology (9%) and orthopaedics (9%) (Table 1Table 1). Congenital or
genetic diseases represented 26% of referrals. Among the congenital or genetic diseases, 25% were within oto-
rhino-laryngology, 20% within cardiovascular diseases, around 10% each within neurology, orthopaedics and
urology, and 7% within ophthalmology (Supplementary Figure 4Supplementary Figure 4). Cardiology causes had the highest proportion
of congenital or genetic diagnoses at 69%.
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Treatments and examinationsTreatments and examinations

Paediatric patients from Greenland received a wide variety of treatments and examinations. The most common
treatment-related procedures were various advanced administrations of medicine, followed by various surgical
procedures and respiratory treatments. The surgical procedures (n = 247) were within areas: cardiovascular (n =
51), ear-nose-throat (n = 48), gastroenterological (n = 42), orthopaedic (n = 27), ophthalmologic (n = 23), urologic
(n = 18) and other surgical procedures (n = 38). The most frequent examination-related codes were X-rays (n =
163), ultrasound scans (n = 152) and various endoscopy examinations (Figure 3Figure 3).
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DISCUSSIONDISCUSSION

An average of 62 paediatric Greenlandic patients were referred annually to Rigshospitalet for specialised
diagnostics and care, representing 0.5% of all Greenlandic children. A previous study showed that one in ten
Greenlandic children aged 6-10 years are hospitalised, corresponding to approximately 1,300 annual admissions
(Kløvgaard et al. [8]). In comparison, around 6% of children in Denmark are hospitalised annually [10]. Hence,
the vast majority of estimated paediatric hospitalisations are managed in Greenland, supported by specialist
visits and telemedicine. Thus, around 5% (62 of 1,300) of paediatric hospitalisations are referred to
Rigshospitalet. Our data revealed a subtle seasonal fluctuation in referrals with reduced activity from December
to April (Supplementary Figure 2Supplementary Figure 2), potentially influenced by logistical challenges, variation in resources and
seasonal disease patterns. However, our data are not sufficient to draw conclusive interpretations regarding
seasonal fluctuations.

A notable increase in referrals from Greenland to Rigshospitalet was observed in the 2017-2021 study period.
Considering the limited number of absolute referrals, year-on-year fluctuations may have a considerable impact.
A study on adult referrals from Greenland to Rigshospitalet, over the same period, found that the number of
referrals increased by 52% for adults as compared to 89% for the paediatric patients of our study [11]. The
increase in referrals may be rooted in an overall strengthened focus on specialisation, which may challenge
Greenlandic healthcare [2-4]. Hence, subspecialities and advanced diagnostic capabilities at Rigshospitalet may
be requested more than was previously the case. Furthermore, a strong collaboration between Greenlandic
healthcare and Rigshospitalet may influence ease of referrals. The observed increase in referrals appears more
pronounced for paediatric patients than adults. We interpret that this discrepancy is due to limited patient
numbers rather than genuine differences, but potential factors may include areas such as specialized care for
congenital or genetic diseases, exemplified by the recent first case of cystic fibrosis in Greenland found by
neonatal screening, requiring specialised care and therefore, possibly, referral [12]. Understanding the intricate
dynamics driving this trend requires further exploration.

In line with the general shift from inpatient to outpatient management, we found a decreasing number of
hospitalisations, although a simultaneous, slight increase in hospitalisation duration was recorded [13, 14]. We
hypothesise that the increase in average hospitalisation duration may be explained by a shift from inpatient to
outpatient management, leading to more severe morbidity being managed at the hospital. As the estimated
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population size needed to support high-level expertise across all medical specialities is 4-5 times larger than the
current Greenlandic population, we do not anticipate decreasing referral rates in the coming years [4].

According to the study by Kløvgaard et al. [8], the most frequent causes of paediatric hospitalisations in
Greenland were pneumonia, acute bronchiolitis and febrile convulsions, which are managed locally and rarely
result in referrals to Rigshospitalet, according to our data. A considerable number of referrals were related to
elective surgery (e.g. cleft palate) or more acute diseases requiring specialised care (e.g. ventricular septum
defect). Kløvgaard et al. [8] estimated that 40% of hospitalisations in Denmark were due to congenital or genetic
disorders. In our study, 26% of diagnostic codes were related to congenital or genetic causes, which is slightly
lower, but categorization can be challenging. A recent study among children and young adults found that the risk
of congenital heart disease was higher among individuals of Inuit/mixed ethnicity [15]. Our findings also suggest
that cardiovascular aetiologies were common among congenital or genetic referrals, but further exploration into
the comparison of absolute incidence rates of congenital heart diseases was not within our scope. Another
common disease referral cause was cleft diseases, although the overall incidence rates of cleft lip and palate are
lower in Greenland than in Denmark [16]. The lower referral rate in the 5-9-year age group remains unknown as
it is not explained by annual Greenlandic birth rates [1, 17].

A recent study investigating disease patterns of adult Greenlanders being referred to Rigshospitalet found that
900 unique adult patients are referred annually, representing 1.2% of the population, as compared with 62
paediatric referrals, representing 0.5% of the paediatric age group [11]. Hence, a larger proportion of adults than
children is referred. However, this was not standardised for hospitalisation patterns across age groups. Adult
Greenlandic patients were mainly referred to Rigshospitalet due to eye diseases, cardiac diseases and
oncological conditions [11]. This aligns well with the case mix seen in paediatric patients except for the lower
paediatric proportion of oncological conditions and more oto-rhino-laryngology among paediatric referrals.

Our findings can be used as a data foundation to improve the management of paediatric patients in Greenland
who need assistance from Rigshospitalet and to focus on specialities with high referral rates to reinforce
collaboration in these critical domains. In the future, more contacts may potentially be converted to
telemedicine and video-based consultations to minimise the number of physical referrals. The notable increase
in outpatient care at Rigshospitalet highlights the important role of the Greenlandic Patient Home.

Our findings should be interpreted with the following limitations. First, the study period overlapped with the
COVID-19 pandemic, which may partially explain the decline in the number of referrals in 2020-2021. Second,
while most overseas Greenlandic patient referrals are to Rigshospitalet, some acute patients from East
Greenland are referred to Iceland, and a limited number of conditions, such as diabetes and dermatology, are
referred to other hospitals in Denmark. Finally, providing a clear stratification of patients by congenital or
genetic causes proved challenging for some conditions, including cancer and hearing loss.

CONCLUSIONSCONCLUSIONS

An average annual of 62 paediatric Greenlandic patients, representing around 0.5% of Greenlandic children, are
referred to Rigshospitalet in Denmark. A marked increase in referrals was observed from 2017 to 2021. Single
referrals for diagnostics and surgery accounted for around 50%, and paediatric patients were increasingly
managed as outpatients. Expert care within ophthalmology, oto-rhino-laryngology and cardiovascular diseases
were the main reasons for referrals.
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