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ABSTRACT

Objectives: Little is known about the epidemiology and healthcare burden
of pediatric intestinal failure (IF). We aimed to assess the incidence, preva-
lence, healthcare resource utilization (HCRU), and related costs of pediatric
short bowel syndrome (SBS) using follow-up data from the largest hospital
district in Finland.
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Methods: This retrospective registry study utilized electronic healthcare
data covering all pediatric patients with SBS-IF born between 2010 and
2019 at the Hospital District of Helsinki and Uusimaa in Finland. Patients
were followed from birth until the end of 2020 and compared to control
patients, all from the same hospital system.

Results: In total, 38 patients with SBS-IF and 1:5 matched controls were
included, with median follow-up time of almost 6 years from birth. Over half
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of the patients were born early preterm (gestational age <30 weeks). The
incidence of pediatric SBS-IF was 24 per 100,000 live births. The HCRU
was higher compared to controls and most of the inpatient days incurred
during the first year of the SBS-IF patients’ life. The average hospital-based
HCRU costs were €221,000 for the first year and €57,000 for whole follow-
up annually. The costs were higher for the early preterm patients and accu-
mulated mainly from inpatient days.

Conclusions: SBS-IF is a rare disease with a relatively low number of
patients treated at each hospital district. The burden on the hospital system,
as well as the patient’s family, is especially high at the onset as the newborns
with SBS-IF spend a significant part of their first year of life in the hospital.

Key Words: burden of disease, pediatrics, prevalence, registry study, SBS-IF

(JPGN 2023;77: 479-485)

ediatric short bowel syndrome (SBS) is a rare disease with a

reported incidence of 25-46 cases per 100,000 newborns (1,2).
SBS is characterized with insufficient bowel length or function for
sustaining enteral autonomy (3,4). In pediatric patients, the major
cause of SBS is necrotizing enterocolitis (NEC), followed by intes-
tinal atresias, gastroschisis, midgut volvulus, and Hirschsprung dis-
ease (5). SBS results in excessive fluid loss, nutrient malabsorption,
electrolyte abnormalities, increased susceptibility to infections,
parenteral nutrition (PN) associated complications, and affects
weight gain and growth (6).

The primary goal of the treatment is to restore enteral
autonomy and reduce long-term dependence on parenteral sup-
port while avoiding complications, ensuring adequate growth and
development. PN is the main treatment for patients with intesti-
nal failure due to short bowel syndrome (SBS-IF) (7-9). Pediat-
ric patients with SBS-IF may need PN from birth, possibly for
decades. Although vital for the patient, long-term PN is associated
with serious complications (3). Pediatric SBS-IF requires complex
and resource-intensive care at the hospital, including long hospi-
talization periods, multiple surgeries, and intensive post-discharge
long-term care by a multi-disciplinary team. However, there is lit-
tle real-world evidence (RWE) on healthcare resource utilization
(HCRU) and related costs in pediatric SBS-IF.

Epidemiology of pediatric SBS-IF has been studied previ-
ously (1,10-12), however, epidemiological data about the incidence
and prevalence remains sparse. Low patient numbers, limited data,
use of home administered PN (HPN) as proxy for prevalence, and
variability in SBS-IF definition (12) have been limitations of previ-
ous studies. In a large population-based study, the overall incidence
of SBS was 22.1 per 1000 neonatal intensive care unit (NICU)
admissions and 24.5 per 100,000 live births, with a much greater
prevalence in premature infants (1).

The aim of this study was to evaluate the HCRU of pedi-
atric SBS-IF patients treated at the Hospital District of Helsinki
and Uusimaa (HUS) in Finland. In addition, incidence, prevalence,
and HCRU related costs were assessed. Due to the Finnish national
healthcare system, all patients have equal access to care, and the
treatment of patients living at the same region is centralized to one
hospital. Thus, our study captured all pediatric SBS-IF patients liv-
ing in the HUS area.

METHODS
Study Design, Population, and Data Source

This was a retrospective registry study, using existing data
generated during routine clinical practice at specialized health-
care facilities and stored in the HUS data lake. HUS is the largest
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What Is Known

e Short bowel syndrome-associated intestinal failure
(SBS-IF) is a life-altering and life-threatening rare
disease.

e Pediatric SBS-IF incidence was 24.5 per 100,000 live
births in Canada.

e Prevalence was 25 at The Hospital for Sick Children
in Toronto in 1999.

e This complex condition requires long hospitaliza-
tion periods including neonatal intensive care and
surgical operations, followed by intensive long-term
care by a multi-disciplinary team, the cost of which
is extensive.

What Is New

e Based on data obtained from a 10-year period the
pediatric SBS-IF incidence was 24 per 100,000 live
births.

e Prevalence was 36 in the Hospital District of Helsinki
and Uusimaa in Finland in 2019.

e First year hospital-based healthcare resource utiliza-
tion costs were €221,000 (prematurity excluded),
and for the early preterm infants, €279,000.

e An early preterm SBS-IF patient may spend 75% of
the first year of life in hospital.

hospital district in Finland covering a population of about 1.6
million.

Finland has national primarily taxation funded healthcare.
All permanent residents in Finland (in 2019 the entire population
of Finland was approximately 5.6 million) regardless of their social
status or financial situation are entitled to equal public healthcare.
Thus, the real-world data (RWD) in the Finnish social and health-
care registries covers all individuals living in Finland. All Finnish
citizens registered in the Finnish Population Information System
have a unique 11-digit national identification (ID) code. Using the
ID code, the modern data lake systems set up in hospitals can com-
bine and harmonize various patient record systems used in clini-
cal practice to one continuously updated data source, which can be
utilized for secondary uses, such as scientific studies. In this study,
data with personal ID was solely handled by the personnel at the
HUS data lake or by the HUS investigators, and pseudonymized at
the HUS data lake. Only pseudonymized data was available for the
subsequent analyses at the shared data environment of the health-
care register of HUS.

Case and Control Patients

The HUS Children’s Hospital has a comprehensive registry
of all pediatric SBS-IF patients treated during the last decades (13).
All pediatric SBS-IF patients treated and followed-up at HUS and
living at the HUS catchment area, between 2010 and 2019 were
identified for this study based on the institutional registry. Referred
patients who lived at other Finnish hospital catchment area were
excluded. The included SBS-IF patients have undergone an >50%
small bowel resection and/or had received PN >3 consecutive
months. Follow-up of each patient started from birth and ended at
December 31, 2020 or at death.

The sex and year of birth matched control patients were
included from HUS data lake for the SBS-IF patients (5:1). The
controls were required to be alive at the index of the corresponding

WWWw.jpgn.org
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Pediatric SBS

TABLE 1.

Number of new pediatric short bowel syndrome-associated intestinal failure (SBS-IF) cases per 100,000 live births and 100,000

pediatric patients, prevalence, and incidence during years 2010 and 2019 at Hospital District of Helsinki and Uusimaa (HUS) area in Finland

Patients Prevalence Live births at Base population at Incidence per Incidence per 100,000
Year N) N) HUS area (N) HUS area (age: 0-17) 100,000 live births pediatric patients
2010 7 7 18,758 314,716 37.32 222
2011 5 11 18,398 315,405 27.18 1.59
2012 <5 15 18,077 316,293 22.13 1.26
2013 <5 18 18,041 318,195 16.63 0.94
2014 <5 22 17,894 320,747 22.35 1.25
2015 <5 25 17,687 323,292 16.96 0.93
2016 <5 27 17,146 326,278 11.66 0.61
2017 5 32 16,532 328,334 30.24 1.52
2018 0 32 16,102 329,436 0.00 0.00
2019 5 36 15,711 330,474 31.82 1.51
Total 38 158,244 4,922,144 24.01 0.77

Small patient groups (<5 patients) have not been reported in detail.

case and have a home address within the HUS area. The controls
represent average pediatric patients that had been treated at the
same hospital and during the same time period as the correspond-
ing patient cases.

Patient Characteristics, HCRU, and Costs

Demographics and clinical data were retrieved from HUS
data lake. The gestational age (GA) for the SBS-IF patients was
obtained from the HUS investigators and thus was not available for
the controls.

HCRU was assessed based on the recorded inpatient days and
hospital outpatient clinic contacts at the HUS specialized health-
care for the patient and control cohorts separately. The number of
hospitalization days and outpatient clinic contacts were assessed in
2 time windows: (1) From birth (index) up to 1 year, end of follow-
up, or until death (if the patient deceased prior to the 1-year mark),
and (2) from index until end of follow-up, death, or end of study
(December 31, 2020). The end of follow-up was defined in both
time windows as the last in- or out-patient contact.

The contacts were priced according to Méklin (14) includ-
ing the average cost of all procedures, treatments, medications, and
other inpatient or outpatient visit related costs in each specialty.
All costs reported in this paper are in 2020 euros (€). Hospital-
based HCRU contacts and total costs were calculated per patient
(PP; total divided by the number of patients) and per patient year
(PPY; total divided by the total follow-up length). The total, PP,
and PPY number of inpatient days and number of hospitalizations
were calculated. As the costs for these were the same, only inpa-
tient day costs were shown. Number and cost of inpatient days
and outpatient contacts were reported in a table (PPY and PP) and
visualized in histograms (PPY). The types and specialties of the
outpatient clinic contacts were tabulated and visualized in histo-
grams (PP). The outpatient contact specialty auxiliary visit was
defined as an extended visit, which was a contact with a specialist
of another department than the department which is responsible
for the patient during the visit.

Incidence and Prevalence

Yearly and overall incidence and prevalence of SBS-IF
2010-2019 were calculated. The incidence was calculated against
all persons 0—17 of age and the number of newborn children alive
at birth at HUS area, which were obtained from Statistics Finland
(15). The results were reported per 100,000 patient years.

WWWw.jpgn.org

Statistical Analyses

Statistical analyses were performed using R version 4.0.2 (R
Core Team) (16). Only existing data were used, with no imputation
of missing values. The proportion of missing values were reported
where applicable. The 95% confidence intervals (Cls) for both the
costs and the number of contacts were obtained by bootstrapping
(with 10,000 bootstrap samples).

RESULTS

Patient Characteristics

Thirty-eight (38) pediatric patients with SBS-IF and 190
control patients were identified from the HUS data lake. Over
half of the patients were male (SBS-IF patients 63.2%, n = 24;
controls 63.2%, n = 120). The median follow-up time was 5.6
and 5.9 years (range 0.1-10.0 years) and total follow-up 208.2
and 1073.5 patient years for cases and controls, respectively. Of
the pediatric SBS-IF patients, 2 died during the study follow-up.
SBS-IF patients were mostly premature: 52.6% (n = 20) early
preterm (GA < 30 weeks), 39.5% (n = 15) late preterm (GA >
30 weeks), and 7.9% (n = 3) GA missing. Among the SBS-IF
patients, 21 presented with NEC of which all were born early or
late preterm. SBS-IF onset was during the neonatal period for
63% of the patients, while onset of 95% was during the first 180
days of life.

SBS-IF Prevalence and Incidence

Pediatric SBS-IF prevalence was 36 in the HUS in Fin-
land in 2019 (Table 1). The number of new pediatric patients with
SBS-IF during 2010-2019 varied between 0 and 7 annually. The
overall incidence was 0.8 new SBS-IF cases per 100,000 pediat-
ric patients, and the annual incidence varied between 0 and 2.2.
During the overall study period SBS-IF incidence was 24.0 per
100,000 live births.

Number of Hospitalizations, Inpatient Days,
and Clinic Contacts

The cases incurred significantly more hospitalizations,
inpatient days, and outpatient clinic contacts than the controls dur-
ing both the first year of life and the whole follow-up (Fig. 1A—C).
On average, cases had 10 (95% CI: 8-11) hospitalizations and 217
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FIGURE 1. The average number of (A) hospitalizations, (B) inpatient days, and (C) clinic contacts per patient year in cases (all and by ges-
tational age) and controls during the first year since birth (grey bars) and during the whole follow-up (black bars). The whiskers around the
bars indicate the 95% confidence intervals. Early preterm = GA < 30 weeks; late preterm = GA > 30 weeks; PPY = per patient year.
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FIGURE 2. The average hospital-based healthcare resource utilization (HCRU) costs in cases (all and according to gestational age) and con-
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into hospitalization related costs (B) and clinic contact related costs (C). The whiskers around the bars indicate the 95% confidence intervals.
Early preterm = GA < 30 weeks; late preterm = GA > 30 weeks; PPY = per patient year.

(95% CI: 174-261) inpatient days (controls 3 and 9, respectively)
during first year, and annually during whole follow-up 3 (95% CI:
2-5) hospitalizations and 49 (95% CI: 34—69) inpatient days (con-
trols 1 and 2, respectively). The number of clinic contacts was 64
(95% CI: 50-81) during first year and 41 (95% CI: 24-63) whole
follow-up (controls 5) PPY. Overall, HCRU was higher for the
early preterm cases (GA < 30 weeks). On average, early preterm
patients were hospitalized 11 (95% CI: 9—14) times during the first
year of life and 4 (95% CI: 3-5) times during the whole follow-
up, spent 271 (95% CI: 222-320) days as inpatients during the
first year of life and 58 (95% CI: 222-320) days during the whole
follow-up, corresponding numbers were 89 (95% CI: 69—112) and
46 (95% CI: 29-67) for outpatient clinic contacts PPY.

Hospital-Based HCRU Costs

An average PPY HCRU cost during the first year from birth
was €221,000 for SBS-IF patients and €9000 for controls (Fig. 2A).
The costs were higher for the early preterm SBS-IF-patients (GA <
30 weeks; €279,000) compared to late preterm patients (GA > 31
weeks; €166,000). The HCRU costs were high during the first year of

482

life, consisting mainly of inpatient days (Fig. 2A—C). Entire follow-
up costs were lower (€57,000) with higher share of clinic contact
costs (€11,000) PPY. More than half of the total follow-up HCRU
related costs PP were accrued during the first year of life (Table 1,
Supplemental Digital Content 1, Attp://links.lww.com/MPG/D235).

The average cost of the first hospitalization was €145,000
(€73,510-254,700; average duration 150 days) for all cases,
€226,000 (€145,000-303,600; average duration 251 days) for early
preterm cases, and €73,000 (€38,000-121,500; average duration 74
days) for late preterm cases PPY.

Outpatient Clinic Contacts

An average number of the most common outpatient contact
type auxiliary visits patients had PP was over 10-fold compared
to controls during follow-up (62.4 and 4.7 visits, respectively;
Fig. 3A). Home visits, phone calls, revisits, and nurse visits were
the next common clinic contact types. The most common specialty
involved in outpatient contacts was gastroenterology or pediatrics
(combined) followed by surgery and pediatric neurology (Fig. 3B).
The number of gastroenterology or pediatrics contacts per SBS-IF

WWWw.jpgn.org
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FIGURE 3. The average number of outpatient clinic contacts per patient during whole follow-up according to (A) contact type and (B) spe-
cialty in short bowel syndrome-intestinal failure (SBS-IF) cases (black bars) and controls (grey bars). ER = emergency room; PP = per patient.

patient during follow-up was almost 20 times the number of con-
trols, 76.2 and 4.2, respectively.

DISCUSSION

This is the first study reporting comprehensive follow-up
RWE on pediatric patients with SBS-IF. Data for this study was
retrieved from the largest hospital district in Finland, HUS, manag-
ing on average of 7 new pediatric SBS-IF patients each year, includ-
ing referred patients (13). During 2010-2019, a total of 38 pediatric
SBS-IF-patients originating from the HUS primary catchment area
was treated and followed-up by our unit. To our knowledge, this is
the first time that pediatric SBS-IF-patient incidence has been esti-
mated based on registry data obtained from a 10-year period. Previ-
ous studies in Europe have estimated the overall number of chronic
SBS-IF-patients between 5 and 80 cases per 1 million (17). In our
study, the pediatric SBS-IF incidence was 0.8 new cases per 100,000
patients or 24 per 100,000 live births, which was similar to a previ-
ously published one institute 2-year incidence from Canada (1).

Our study demonstrated a high demand for healthcare for the
pediatric patients with SBS-IF, especially during the first year of life.
An early preterm SBS-IF patient may spend 75% of the first year
of life in hospital (average 271 days; including time in NICU) and

WWWw.jpgn.org

an SBS-IF patient excluding prematurity 60% (average 217 days).
The average duration of the first hospitalization was 150 days, which
is at comparable level with the 174-day median duration of initial
hospital admission observed in the Netherlands (18). A Canadian
study by Kosar et al (19) reported the mean length of primary hospi-
talization as 98 days (SD 36.5). Furthermore, a previous study from
United States reported median length of hospital stay 8 days [The
interquartile range (IQR) 15 days], which was significantly higher
for the SBS-IF patients compared to controls (P < 0.001) (20). How-
ever, the latter numbers are not fully comparable with our study, due
to the fact that hospitalization did not cover intensive care treatment
period which is included in our study. The intensive care was previ-
ously reported to cover almost half of the pediatric SBS-IF patients
initial hospital days (18). In comparison, previous studies have
reported for preterm patients without SBS-IF; the average length of
stay of the birth hospitalizations was 9 days (21), the median length
of hospitalizations during the first year of life from 29 to 69 days
(22,23), the average number of hospital admissions during the first
year of life from 2 to 3 (22), and the median number of outpatient
contacts during first year of life was 25 (23). While the impact on
the healthcare system is obvious, the burden on the family cannot
be neglected and it is an important area for further investigation to
understand the overall burden of SBS-IF.
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Considering all pediatric SBS-IF-patients, the total average
cost of hospital-based HCRU was €221,000 for the first year and
€57,000 annually. The annual cost corresponded surprisingly well
with the previously observed in the United Kingdom (£52,800)
(24). The costs were even higher for the early preterm patients with
SBS-IF. To compare our result with the costs assessed previously
for management of preterm infants without SBS-IF, estimated at
the level of A$182,300 during the first year of life and A$9900 for
the following years (22), which are much lower than in the SBS-IF
patients but higher than in our control cohort. Further, the first year
of life was particularly expensive covering over half of the total
costs accumulated during whole follow-up. The cost estimates pre-
sented in our study are underestimations of the actual costs because
only mean prices of contacts were utilized for calculations. Treat-
ment of a pediatric SBS-IF patient is markedly more expensive
than treatment of an average pediatric patient, as an example the
cost of 1 day at NICU is about €2700 (in 2020 euros) (14,25), and
a very preterm newborn may spend weeks at NICU. However, a
much lower average cost of €936 per a pediatric hospitalization day
was considered in our study because it was not possible to specify
NICU days from our data. Importantly, the reported cost estima-
tions are based on hospital-based HCRU only, and do not cover all
expenses, for example indirect costs related to caregiver absentee-
ism and HPN. HCRU costs have been estimated to increase during
HPN, depending on individual PN fluid requirements (6). Accord-
ing to our own (unpublished) estimates, the HPN costs vary from
patients with low PN requirement €16,000 to patients with high PN
demand (every night) €46,000 PPY. These HPN costs include med-
ical devices, medicines, and PN fluids, but not home visits or other
treatments. The specialty care hospital-based HCRU and home vis-
its are included in costs reported in the present study, even if HPN
related costs are not. Previously, cumulative cost of hospital-based
HCRU and HPN at the age of 3 years was estimated to be at mag-
nitude of €330,000 (in 2006 euros) (26), which is at comparable
level with our estimate. However, the yearly cost is dependent on,
for example, patients’ GA, PN demand, and the initial hospitaliza-
tion is much more expensive compared to later management. In
Canada, the total costs for the first year after primary discharge
were $320,000 (in 2014 Canadian dollars) (19), which is higher
than the annual whole follow-up cost we reported. Though, the
cost included expenses that are not included in our calculations,
as examples HPN, parents’ accommodation during hospitalization,
and medication.

In our study, hospital-based healthcare costs during first year
of life accumulated mainly from inpatient days (92%), similar to
previous study (82%), in which hospital days accumulated from
prolonged requirements for intensive care resources, multiple sur-
gical procedures, and multiple readmissions during the first year of
diagnosis (27). Intriguingly, an earlier Dutch study reported exactly
the same share of HCRU expenses for hospital admissions (82%),
followed by nutrition (12%), surgical interventions (5%), and out-
patient visits (1%) (26). In our study, the number of outpatient con-
tacts increased after the first year. Thus, the share of hospitalization
related costs was lower when accounting for the whole follow-up
(80%). The reasons for hospitalizations were not in the focus of
our study. Previous studies reported infections or sepses a common
cause for rehospitalizations (26,27).

Survival rates of SBS patients have increased significantly
over the years and are currently over 90% (1,18,20,28-30). This
is due to the advances in medical and surgical treatment options
of SBS-IF (31,32). During our study follow-up the survival rate of
SBS-IF patients was 95%.

Prevention and treatment of complications to restore enteral
autonomy and reduce long-term dependence on PN, has been the
focus of management on SBS-IF. The high demand for healthcare
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shown in this study indicates a potential unmet need for novel treat-
ments that could cure the disease and thus improve patient care
and minimize HCRU burden. The results represent a good overview
of pediatric SBS-IF treatment from a time period proceeding new
treatment option (end of follow-up 2020) glucagon-like peptide-2
analogue teduglutide, providing a valuable baseline and an interest-
ing comparison for future research.

Study Strengths and Limitations

One strength of RWD setting is the access to diagnoses,
procedures, and visits from the same data source. Health record
data availability via data lake technology enables extraction and
analysis of large data sets including multiple disease-related char-
acteristics and resources, which was also utilized in this study. A
further strength of our study is that we captured all pediatric SBS-
IF patients living at in the HUS area in 2010-2019.

Limitations of a data lake setup are typically related to sec-
ondary nature of data which was originally recorded for primary
treatment use. Thus, some information may not have been consis-
tently recorded for all patients, potentially affecting the study popu-
lation and other outcomes. Another limitation of this study is that
all-cause HCRU was reported, not SBS-IF specific. However, SBS-
IF is not a single disease and SBS-IF patients typically have several
concomitant disorders. Hence, reporting all-cause and not disease-
specific HCRU is justified and compared to controls to assess the
additional burden posed by the condition. Information on PN was
not comprehensively reported at HUS data lake because it is mostly
HPN. Thus, we were not able to describe PN related costs, which
would be an important topic for the further studies. A further limi-
tation of this study is that GA could not be taken into account when
matching the pediatric SBS-IF patients with controls. Because we
required the included patients to have received PN over 3 consecu-
tive months we have not captured the children who received PN for
a shorter period before weaning off and still need close monitoring
and follow-up.

CONCLUSIONS

SBS-IF is a rare disease with a relatively low number of
patients treated at each hospital district. Our study provided RWE
on high HCRU in the children with SBS-IF. The burden on the hos-
pital system, as well as the patient’s family, is especially high at the
onset as newborns with SBS-IF spend a significant part of the first
year of life in the hospital.
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