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(ii) What are the bene�ts for the children? Can outcomes
be predicted?

�e goal for our �ndings was to outline the volume of pedi-
atric gastroscopies, their indications, changes in the frequen-
cies of these indications over time, and their complications.
�is information is important for future decision-making in
the clinical setting and for administrative planning.

2. Material and Methods

To identify the indications for the use of pediatric gas-
troscopy and patient outcomes, the prospectively collected
database containing all children admitted to the Department
of Surgery was used. �is department is a tertiary centre that
provides free public health care for an area of �.� million
inhabitants and ��,��� newborns each year. Surgeons receive
a monthly salary with overtime payment related to their time
on call and time on duty doing surgical work.

�.�. Data Collection. Gastroscopies were identi�ed in the
database using surgery codes �gastroscopy� and �gastroscopy
with biopsy� over two time periods: January ���� to Decem-
ber ���� and July ���� toMay ����. Gastroscopies were sorted
into �ve di�erent types of indications:

(�) obstruction in the upper gastrointestinal (GI) tract:
dilatation and calibration of esophagus a�er surgery
for esophageal atresia, a�er malignant disease, a�er
esophagitis, and a�er intake of corrosives; dilata-
tion and calibration of duodenum a�er duodenitis;
investigation of obstruction in the pyloric region, in
suspected high intestinal obstruction; investigation of
suspected esophageal achalasia; and investigation of
dysphagia;

(�) gastroesophageal re�ux disease (GERD): investiga-
tion of suspected or diagnosed GERD; preoperative
investigation; endoscopy for postoperative complica-
tions; and examination to evaluate the outcome of
fundoplication surgery;

(�) investigation of gastroenterological conditions: inves-
tigation of suspected coeliac disease, in�ammatory
bowel disease, gastritis, Helicobacter pylori infection,
bleeding from the GI tract, malabsorption, and inter-
mittent abdominal pain;

(�) laparoscopic gastrostomy: laparoscopic gastrostomy
concurrent with an evaluating gastroscopy performed
according to local routines [�];

(�) other: treatment of oesophageal varices; removal of
foreign bodies in the upper GI tract; and placement
of capsule for endoscopic investigation.

Variables analysed included gender, age at examination,
indication for the gastroscopy, whether or not a biopsy was
taken, outcome, and complications related to the gastroscopy
within �� days.

�.�. Ethical Consideration. Intention to treat was the main
analysis strategy and encompassed all patients. �e study

was performed according to the Declaration of Helsinki
and was approved by the regional research ethics committee
(registration number ����/�
). Data were anonymized prior
to analysis and are presented in such a way that no single
patient can be identi�ed. �erefore, it was not necessary to
obtain approval from patients� guardians. All evaluations,
treatments, and procedures described in this paper were
standard of care for patients and were conducted at the
Department of Pediatric Surgery. No protocols that would
have required appropriate informed consent or approval by
an institutional review boardwere used.�e ethical questions
that may arise with gastroscopy in a child were considered
according to the guidelines published in ���� by the Swedish
Council onHealth Technology Assessment.�e council pub-
lished twelve questions in four di�erent aspects of ethics to be
used for consideration of whether a procedure is ethical [��].

�.�. Statistical Consideration. Because this was a descriptive
study, no power calculations were performed. SPSS Statistics
was used to compare data from the two time periods, �����
���� and ���������, using a chi-squared test with an alpha
level of �.��.

3. Results

A total of ��� gastroscopies were performed from January
���� through December ���� and from July ���� through
May ����.�erewas a statistically signi�cant di�erence in the
distribution of indications between the two time periods.�e
latter period wasmapped in detail because it best represented
current routines and should provide more accurate infor-
mation on future routines. In total, �	
 gastroscopies were
performed in this period.Medical records were not accessible
for three examinations, which were then excluded. Hence,
the sample consisted of �	
 examinations on ��� patients, of
whom ��
 had only one examination and �� had multiple
examinations.

�.�. Demographics. �e median age of patients was four
years. Figure � shows the age distribution for all gastroscopies
and Figure � shows the age distribution for gastroscopies
performed on children under two years of age. Of the �	

examinations, �
� (��%) were performed on boys and ���
(��%) on girls. Of the ��� patients, �
� (��%) were boys and
��
 (�
%) were girls.

�.�. Indications. Figure � shows the distribution of indica-
tions of all gastroscopies performed during the study period.
�e most common indication was laparoscopic gastrostomy,
followed by investigation of gastroenterological conditions,
obstruction in the upper gastrointestinal tract, GERD, and
other indications. Figure � shows the gender and age distri-
butions by indication.

�.�. Outcomes. Gastroscopies revealed no pathological �nd-
ings in ��% of GERD cases, �
% of investigations of gastroen-
terological conditions, �
% of investigations of obstruction
in the upper gastrointestinal tract, and ���% of laparoscopic
gastrostomies. In the �other� group, all examinations were
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F����� �: Age distribution across ��� gastroscopies performed on
children under � years of age from July ���� to May ����.

interventional and thus had pathological �ndings that were
treated.

�e proportion of examinations that did not lead to
an action or change in treatment was ���% in the laparo-
scopic gastrostomy group, 	�% in the GERD group, and
��% in the investigation of gastroenterological conditions
group. Table � shows the outcomes by indication, showing
how patients bene�tted from gastroscopy. �e endoscopy
performed a�er the insertion of a gastrostomy button using
a laparoscopy-assisted technique disclosed the highest rate
of normal �ndings. �e gastrostomy button was found in
place without intervening with passage through the stomach
to the duodenum. Furthermore, any signs of GERD including
esophagitis or hiatal hernia were not found.�e childrenwith
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F����� �:Distribution of indications for all gastroscopies performed
on children from � to �� years of age from July ���� to May ����.
� Obstruction in the upper gastrointestinal tract, �� gastroesophageal
re�ux disease, and ��� investigation of gastroenterological condi-
tions.

severe GERDwere already excluded from this group and had
undergone an endoscopy for the work-up before antire�ux
surgery and for postoperative control and were included in
another group. Further, some of the children receiving a
gastrostomy su�ered from metabolic diseases, malignancy,
congenital heart disease, cystic �brosis, and chronic kidney
failure, hence, diseases not associated with GERD.

�.�. Complications. Of �	
 examinations, complications
related to the gastroscopy occurred four times (�%).
Esophageal perforation occurred in two children, four and
ten months of age. One child was examined with gastroscopy
because of stricture a�er esophageal atresia and the other
because of symptoms of GERD. Both were initially treated
conservatively which was successful in one child, while the
other child required a thoracotomy to drain themediastinum.
Aspiration and bronchial spasm occurred in two children,
two and three years of age. Both were discharged from
the hospital a�er �� hours of uneventful observation in a
pediatric surgical ward.Duration of hospital stay ranged from
one day for the children with aspiration to �� and �� days for
thosewith esophageal perforation.No lethal events occurred.

�.�. Comparison with Older Data. �e use of gastroscopy
increased from an average of ��� per year from ���� to ����
to an average of ��
 per year from ���� to ���� (� = 0.0001).
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T���� �: Summary of the numbers and types of outcomes in the �ve indication groups.

Indication group Outcome, percentage of patients (� )

Obstruction in upper
gastrointestinal tract

(i) Dilatation of stenosis, ��% (��)
(ii) Calibration, �
% (��)
(iii) Inspection with positive �ndings, �% (
)
(iv) Inspection with negative �ndings, 	% (�)
(v) Mapping before atresia surgery, �% (�)

Gastroesophageal re�ux disease

(i) No positive �ndings at either of the following aspects: inspection of mucosa/inspection of
cardiac function/biopsy/��-hour pH measurement, ��% (�
),
of which ��% (�) led to dose change in proton pump inhibitor (PPI) treatment and 
�% (�
)
led to no change of treatment
(ii) Positive �ndings at one or more of the following aspects: inspection of mucosa/inspection
of cardiac function/biopsy/��-hour pH measurement, �	% (�	),
of which ��% (�) led to starting up with/dose escalation of PPI, 	% (�) led to decision of
fundoplication, 	% (�) led to further investigation, and �
% (��) led to no action taking/no
change of treatment
(iii) Calibration, �% (�)

Investigation of
gastroenterological conditions

(i) No positive �ndings at inspection/biopsy, �
% (�
),
of which ��% (
) led to further investigation/treatment with gluten-free diet and 		% (��) led
to no action taking/no change of treatment
(ii) One or more positive �ndings at inspection/biopsy, ��% (��),
of which 

% (�
) led to treatment with gluten-free diet/PPI/eradication treatment of
helicobacter pylori/total parenteral nutrition, ��% (�) led to further investigation, and �
% (�)
led to no action/no change of treatment
(iii) Inconclusive �ndings, �% (�)

Laparoscopic gastrostomy (i) Inspection of the placement of gastrostomy and signs of esophagitis, ���% (���)
(of which none showed signs of esophagitis)

Other
(i) Removal of foreign body, 
�% (
)
(ii) Rubber band ligation of varices, ��% (�)
(iii) Placement of capsule for video endoscopic examination, ��% (�)

�e distribution of indications also changed signi�cantly
between these time periods, as shown in Figure � (chi-square
test: � < 0.001). For example, the use of gastroscopy to
investigate gastroenterological conditions decreased from
��.
% to ��.�%, and gastroscopy used during laparoscopic
gastrostomy increased from �	.	% to �
.
%.

�.�. Ethical Aspects. �e four aspects of ethics outlined by
the Swedish Council on Health Technology Assessment in
���� [��] are considered in detail by the application of the
ethical guidelines on gastroscopy in children posing the four
questions and answers.

(�) What are the risks/bene	ts of the procedure? �e
risk includes perforation or bleeding when dilating
or picking up foreign objects and treating varices
and risks associated with general anesthesia. �e
bene�ts include dilatation of esophageal strictures
leading to improvement of dysphagia, inspection that
excludes disease, chance to discover and exclude
esophagitis at an early stage and start treatment,
thereby reducing the risk for stricture and malignant
disease, helpful when deciding if fundoplication is
appropriate, chance to discover treatable disease and
exclude severe disease [�
], opportunity to establish
correct tube placement, chance to discover esophagi-
tis, gastritis, and insu�cient cardiac function [�],
removal of foreign objects, treatment of esophageal

varices, enabling endoscopic capsule investigation in
patients that cannot swallow the capsule, and calming
guardians [�, 
, 	].

(�) Is use compatible with ethical values? Every child is
supplied with gastroscopy when there is a proper
indication. It is fairly easy to objectively decide which
patients �t into this indication group. In some cases, it
is di�cult to objectively determine whether a gastro-
scopy is necessary. Pressure from the patient�s guardi-
ans might have an impact on the decision. It is
unlikely with a positive �nding if symptoms are dif-
fuse [�	].

(�) Are there reasons to believe that equal supply to this
or other methods will be hindered if the method is
in use? �is is unlikely, as there are no limitations
as to how many children can undergo gastroscopy.
Although, the practitioner�s judgment could lead to
unequal supply if physicians di�er in how much they
are a�ected by guardians� opinions. Also, depending
on those performing the endoscopy the results are
valued di�erently [��].

(�) Can the use of the method a
ect long-term conse-
quences? Yes, if a treatable disease is not discovered,
it might not be treated which can aggravate the con-
dition. If an intervention is necessary and succeeds it
might mean that serious illness is avoided [�����, �
].
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F����� �: Age distribution among indication groups for all �	

patients from � to �� years of age from July ���� to May ����.
� Obstruction in the upper gastrointestinal tract, �� gastroesophageal
re�ux disease, and ��� investigation of gastroenterological condi-
tions.
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4. Discussion

�is study demonstrates that there has been an increase in
the number of gastroscopies performed as well as a change
in the distribution of indications for gastroscopies over the
past ����� years. Furthermore, laparoscopic gastrostomy was
the predominant indication for gastroscopy. �e outcome of
gastroscopy was negative inmany cases; that is, no pathologi-
cal �ndings were reported. Additionally, in the GERD group,
the vast majority of examinations did not lead to any further
action or change in treatment. �is trend was also observed
to a lesser extent in the investigation of gastroenterological
conditions group. �e overall complication rate was �%, and
no lethal events occurred.

�.�. Bias. �e current study is a unique mapping of gas-
troscopies performed in pediatric surgery care for several
reasons. First, the country�s health care system is entirely
free of cost for all children, which means that the sample
represents all socioeconomic groups. Furthermore, the sur-
geons at the hospital are on salary and are not reimbursed
based on the number of procedures they perform, which
di�ers from some other countries, which o�en use the �fee
for service� method [�
]. �is means that this study was
unlikely to be a�ected by dropouts due to socioeconomic
e�ects or bias due to economic interest. In this study, three
examinations out of �	
 were excluded, and the reason for
exclusion in all three cases was because the medical records
were inaccessible. Because of the modest amount of dropouts
this was not considered a potential bias. However, this study
has a distribution of case load with a strong bias to surgical
problems.�e gastroscopies were performed at aDepartment
of Pediatric surgery where follow-up of previously oper-
ated gastrointestinal malformations is conducted which may
in�uence the result. Since the surgeons want good results
some pathology may be foreseen, which could be a bias.

�.�. Demographics. �e median age in the study group was
four years. Recent studies on pediatric gastroscopy have
reported a mean age of 
.
�
 years [�, �	, ��, ��]. �e use
of mean age suggests normal distribution of patients� ages,
which was not seen in the current study. In our study, ��%
of patients (� = 85) were under one year of age, compared
to another study that reported only 
.
% of patients being
younger than one year of age [��]. �e reason for the low
median age in the current study is to be found in the
numerous gastroscopies performed on children under two
years of age for an indication of laparoscopic gastrostomy.�e
high number of laparoscopic gastrostomies at such an early
age (median age one year) di�ers from a recent large cohort
study where the median age was �.

 years [��]. In contrast,
a study on laparoscopic gastrostomies had a mean age of ��
months for placing of gastrostomy tubes and suggested that
gastrostomy tube feeding might be introduced too late in
some children [��]. A possible explanation for this diversity
might be the di�erent routines for laparoscopic gastrostomy
across centres, which is not explored further in this study.

�e group with an indication of obstruction in the
upper GI tract had its �rst peak at age �-� year. �is peak
within the �rst year of life is not very surprising, since
stricture as a complication of surgery for esophageal atresia
is not unusual within the �rst months a�er surgery [
, ��].
However, the current study suggests that males within the
�rst year of age su�er frommore frequent complications, such
as strictures. Certainly, the incidence of esophageal atresia is
slightly higher among males but other studies do not suggest
increased complications in males [�
, ��]. Esophageal atresia
is a rare condition, which means that only a small number of
patients were treated for this condition in the current three-
year study period.

�e current study also showed peaks in girls at age ����
years and ����� years. �ere is no explanation to these peaks
to be found in the literature. However, our study included
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two female patients in these age groups who each under-
went numerous gastroscopies, one of whom su�ered from
a corrosive esophageal stricture and one had an esophageal
stricture due to malignant disease. �is implies that the
gender di�erences in both cases above could be explained by
skewing of results by individual patients due to a relatively
small number of examinations [
, 	, ��].

�.�. Distribution of Indications. To our knowledge, no other
investigations have been published recently on the indica-
tions for gastroscopy in pediatric surgery departments.�us,
there is no basis to compare the current study with previous
results. At our centre, laparoscopic gastrostomy was the pre-
dominant indication, followed by investigation of gastroen-
terological conditions, obstruction in the upper gastrointesti-
nal tract, GERD, and other indications.

Studies that have mapped gastroscopies at pediatric hos-
pitals have shown diverse results. A retrospective study from
����, which analysed all gastroscopies performed at a pedi-
atric tertiary centre in Pakistan over two years, identi�ed the
most common indication as failure to thrive with suspected
coeliac disease (��%) [��]. Another retrospective study from
����, which examined all gastroscopies performed on chil-
dren at a university hospital in Saudi Arabia over ten years,
found the most common indications to be duodenal biopsy
(�
%) and abdominal pain (��%) [��]. In the current study,
all three of these indications would have been grouped
under investigation of gastroenterological conditions, which
was not close to being the most common indication in the
current study. However, these previous investigations were
conducted among children in nonwestern countries. It is
possible that these cohorts of children have di�erent disease
panoramas and that the organization and economic situa-
tions are di�erent from and, thus not comparable to, those
in the Swedish population.

A study from ���� examined the changing indications
of gastroscopy over a ��-year period in the US. Children
that had undergone their �rst gastroscopy with biopsy were
included. Abdominal pain was the predominant indication
at ��% [��]. In the current study, this indication would have
been included within gastroenterological conditions, which
only accounted for ��%of gastroscopies. A similar study from
���� at a children�s hospital in theUS examined the diagnostic
yield of �rst-time pediatric gastroscopies with biopsies. �e
most common indications were generalized abdominal pain
(�
%), GERD (��%), and failure to thrive (��%) [��]. �e
current study had a similar proportion of GERD (��%) but
less frequent abdominal pain and failure to thrive. However,
these two studies excluded all repeated examinations within
patients and gastroscopies performed without biopsies,
which makes it complicated to compare to the current study.

To sum up, the results of the current study concerning the
distribution of indications are quite di�erent from previous
studies. A likely explanation is that the studies presented
above included mostly gastroenterological, and not surgical,
patients. Overall, the number of gastroscopies performed
within a gastroenterology department is much higher than
the number performed within a surgery department. �us,
when mapping gastroscopies at a pediatric hospital, data

from pediatric surgery patients are likely to be obscured by
the much greater volume of data from gastroenterological
patients. Consequently, the results of the pediatric surgery
patients alone cannot be seen. It is noteworthy that no
study in the ��st century has mapped gastroscopies within a
pediatric surgery department.

�.�. Outcome. Of the gastroscopies performed for an indi-
cation of GERD, the majority had no positive �ndings and
almost three quarters did not lead to any further action or
change in treatment. For investigation of gastroenterological
conditions, almost half of the examinations had no positive
�ndings and almost asmany did not lead to any further action
or change in treatment. For laparoscopic gastrostomy, there
was not a single pathological �nding.�is amount of negative
gastroscopies is remarkable, and even though several other
studies present similar results [�
���, ��, ��, ��], this compels
practitioners to consider a more conservative approach than
gastroscopy for these indications.

Before deciding to perform a gastroscopy examination,
the physician should consider the potential outcomes and
how the patient might gain from the examination.�is infor-
mation will help the practitioner to analyse the risk/bene�t
ratio. In this consideration, it is crucial to consider risks
associated with performing a gastroscopy and the ethical
aspects of the procedure. �ere is a risk not only of medical
complications, but also of negative mental impact on the
child. Considering possible gain, if the aim is to con�rm a
suspected condition, the practitioner must ask whether the
examination will change the patient management. In many
cases, the patient has started treatment for the condition
before the gastroscopy is conducted. And if the diagnosis is
veri�ed, there will be no change in treatment. �is is the
case for many patients with GERD. In this group, it might be
possible to cut down on gastroscopies in order to not subject
children to the risks of a gastroscopy unless it is necessary.

Naturally, in some of the cases mentioned above, the
gastroscopy is performed to rule out severe conditions such
as malignancies. �ese examinations are of great value even
though there is no positive outcome and they do not lead
to further action. However, these conditions are very rare in
pediatric patients and the explanation would not account for
all of the above examinations. In fact, some �unnecessary�
gastroscopies are performed in response to pressure from
the patients� guardians or referring doctor, not necessarily
because the pediatric surgeon considered the examination
obligatory [�	]. On the other hand, it should be noted that
a negative outcome or no action does not always imply that
the examination was unnecessary. An endoscopic mapping
with negative results can calm the patient, guardians, and/or
referral doctor and prevent further examination. However,
the question always remains: is it worth the risk?

To our knowledge, this is the �rst study published to apply
the ethical guidelines as outlined by the Swedish Council on
HumanTechnologyAssessment.�us, it cannot be compared
with other studies in this respect. Application of these
guidelines did not identify any ethical issues necessitating
an immediate change in the use of gastroscopy in pediatric
surgical practice.
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�.�. Complications. In this study, complications occurred in
four of �	
 (�%) gastroscopies. Two of the complications were
esophageal perforations and could be considered as major.
One of these had to undergo surgical treatment and one
had a hospitalization prolonged by several weeks. We could
�nd no prior studies that mapped gastroscopy complications
at a pediatric surgery department. A study of over ��.���
pediatric gastroscopies from ���	, where pediatric gastroen-
terologists reported the results, identi�ed a complication rate
of �.�%.�e authors reported the most common �immediate
complications� to be hypoxia (�.�%) and bleeding (�.�%). No
deaths or perforations were reported [�]. Unfortunately, this
study did not report the hypoxia duration or sequel and did
not de�ne �immediate complications.� For example, the most
severe complication in the current study was not discovered
until two days a�er the examination andmight not have been
included within �immediate complications� and, therefore,
would not have been reported. Furthermore, gastroscopies
performed at a gastroenterology unit might not be compa-
rable since they are less interventional and cover a di�erent
spectrum of measures. For example, studies on treatment
of esophageal strictures in smaller study populations o�en
report perforation as a complication event [
, 	].

�.�. Development over Time. Over time, there was a sta-
tistically signi�cant increase of the annual number of gas-
troscopies, from an average of ��� per year in ���� to ��

per year in ����. �e increase is supported by another
study that reported a ��-fold increase in the number of
gastroscopies performed over a ten-year period [��]. �ere
was also a statistically signi�cant di�erence in the distribution
of indications for gastroscopies between the two time periods
(��������� and ���������) studied.�e largest changes were
a decrease in investigation of gastroenterological conditions
and an increase in laparoscopic gastrostomy. �ere is a
plausible explanation for why more gastroscopies were per-
formed to investigate gastroenterological conditions ten years
ago. �e European Society for Paediatric Gastroenterology,
Hepatology, and Nutrition published new guidelines for the
diagnosis of coeliac disease in ����. �e new guidelines state
that gastroscopy is not always necessary for diagnosis, unlike
the previous guidelines [�
]. Moreover, even before the new
guidelines were published, clinical practice had started to
change at our centre, and biopsy was not necessary for diag-
nosis. �is resulted in fewer gastroscopies being performed
on patients with signi�cant clinical symptoms and elevated
serum markers, a development that started before ���� [�	].
�e considerably greater amount of gastroscopies performed
with the indication laparoscopic gastrostomy in ���� through
���� than in ���� through ���� is noted. �e current study
did not investigate the reason for this increase further.

5. Conclusion

�ere has been an increase in the number of gastroscopies
performed the past years and the indications have changed.
�ere was a modest diagnostic yield of gastroscopy to inves-
tigate GERD or gastroenterological conditions. Furthermore,
gastroscopies performed in association with laparoscopic

gastrostomy surgery did not have any positive �ndings.
�e overall complication rate was �%. �e implications of
this study are that practitioners and administrators in each
patient�s case should carefully consider whether a gastroscopy
examination is necessary. �e ethical analysis did not neces-
sitate a change in the use of this procedure but should be
considered in deliberations on pediatric gastroscopy across
di�erent indications.
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