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Abstract 

Gastrostomy operations are performed on
children referred to the pediatric surgical clin-
ic without being influenced by the patient’s
state of nutrition. This has been motivated by
the idea that a gastrostomy would enable a fast
and secure improvement in this regard. The
question arises whether an improvement in
the preoperative nutritional status would
reduce the number of postoperative complica-
tions. The aim of the study was to test the
hypothesis that the frequency of postoperative
complications after a video-assisted gastrosto-
my is correlated to the child’s preoperative
state of nutrition. Fifty consecutive children
with severe nutritional problems underwent a
video-assisted gastrostomy operation where
gastrostomy buttons were placed as the initial
surgical feeding tube. At the time of the opera-
tion, the children’s nutritional parameters
were registered routinely. After the operation,
the children were followed up prospectively for
six months and all complications were docu-
mented according to a protocol. The children
were ranked according to the severity and fre-
quency of postoperative complications and
problems. Correlation to nutritional parame-
ters was calculated. The children did not pres-
ent with any serious postoperative intra-
abdominal complications. There was a signifi-
cant correlation between the frequency of
minor complications and the child’s state of
nutrition, measured as the number of standard
deviations from normal length and weight as
well as phosphate, magnesium, and iron levels
in the blood. This study revealed a significant
correlation between the patients’ state of
nutrition and the postoperative complications
during the first postoperative six months.
Thus, the findings support a routine of nutri-
tional evaluation prior to performing a gastros-
tomy operation.

Introduction

The placement of gastrostomy tubes to pro-
vide direct access for enteric feeding is an
alternative to a nasogastric tube in infants and
children who are unable to manage normal
oral feeding for a long time and in whom the
nasogastric tube causes respiratory or other
problems. Different operative procedures have
been described, including the time-honored
open surgical methods and the more recently
introduced minimal invasive methods for gas-
trostomy: percutaneous endoscopic gastrosto-
my (PEG)1 and video-assisted gastrostomy
(VAG).2 In order to avoid the complications
associated with PEG3 the laparoscopy or VAG
technique has been developed and used at our
center since 1993.4-7

Until now, we have been performing gas-
trostomy operations on patients referred to the
pediatric surgical clinic without any influence
of the results of the routine evaluation of the
nutritional status of the patient. This has been
motivated by the idea that a gastrostomy would
enable a fast and secure improvement in this
regard. The question arises whether an
improvement in the preoperative nutritional
status would reduce the number of postopera-
tive complications. In this study, we prospec-
tively register the routinely performed evalua-
tion of the nutritional status of the patients,
perform a gastrostomy operation, and follow
the patients according to a protocol. The occur-
rence of postoperative complications is corre-
lated to the patients’ nutritional status at oper-
ation. The hypothesis is that the better the
patients’ preoperative nutritional status, the
fewer the postoperative complications. 

The aim of this project was to obtain infor-
mation that can be used to improve our prac-
tice when performing gastrostomy operations
in children, thus improving the quality of our
work as well as the safety when performing a
gastrostomy operation in cases where it is
needed. We are not aware of any other similar
reports in the literature. 

Materials and Methods

A gastrostomy button was placed consecu-
tively in a heterogeneous sample of 50 children
with nutritional problems using a standardized
video-assisted, laparoscopic, technique4,7 dur-
ing the period from January 2006 through
2008. We used a MicKey® gastrostomy button
type (provided by Ballard Medical Product,
Draper, UT, USA). The size and length of the
button are summarized in Table 1. The demo-
graphic data of all the children are summa-
rized in Table 1 and their diagnoses in Table 2.
There was no selection of patients. All those

who were operated on with a video-assisted
gastrostomy during the period are included in
the study.

The indication for a gastrostomy was severe
nutrition problems in the child and when
nutritional support was considered necessary
for more than six months. The operation was
carried out when the child’s condition would
safely allow surgical intervention. The gastros-
tomy operation was never performed prophy-
lactically. Before the gastrostomy button place-
ment, all the children were clinically evaluated
for gastroesophageal reflux and gastric empty-
ing. An upper GI X-ray and a 24-hr pH measure-
ment in the esophagus were performed when
considered necessary. We used a wireless tech-
nique, the Bravo™ pH-system (Medtronic,
Shoreview, MN, USA), which is a radio-trans-
mitted capsule for esophageal pH-monitoring
in 16 out of the 50 children. The results are
summarized in Table 1. The children’s symp-
toms were not considered to motivate an oper-
ative intervention with a fundoplication.

Gastroscopy was performed in all patients at
the same time as the gastrostomy was per-
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formed. At that time none of the patients had
esophagitis. A gastric emptying scan or meas-
ure of impedance was not performed. In the
present study, no patient had clinical signs of
intra-abdominal infection, and none were
being treated with cytostatic drugs or steroid
medication at the time of surgery. 

A routine preoperative evaluation of the
children’s nutritional status was performed
including laboratory tests, as listed in Table 4,
as well as weight and length. We used the age-
adjusted Z-score of weight and length to nor-
malize the data relative to a reference popula-
tion. These figures are expressed as weight-
for-age Z-scores calculated as: actual weight-
mean weight/standard deviation,8 according to
the nationally standardized weight curves.9

All the children were prospectively followed
up by a specially trained nurse during the first
postoperative days in hospital and at one and
six months after the operation, and any time
the child’s guardians felt the need for help or
advice. All postoperative complications were
documented according to a special protocol
including only those requiring treatment.
These included:

Severe complications
• Complications demanding emergency re-

operations, including bleeding, gastroin-
testinal fistula, or intestinal obstruction.
Minor complications

• Infectious complications treated with antibi-
otics and frequent changes of dressing of

the wound.
• Granuloma treated with cauterization or

Article

Table 1. Summary of the demographic data of children included in the study.

Parameters Data

Number of children (male/female) 50 (31/19)
Age, years (mean ± SD) 2.8±3.1  

Median (range) 1.6 (0.1-12)  
Body weight, kg (mean ± SD) 11.5 ±6.0

Median (range) 9.1 (4-35)
Z-score* for weight (range) -2.2 ±1.8 (-7.1-1.3)

Body length, cm (mean ± SD) 82 ±23
Medan (range) 74 (55-139)
Z-score* for length (range) -1.7 ±1.5 (-5.8-0.9)

Results of pH-monitoring during 24 hours, mean value 
(time/No. of reflux/scores) and range (in parentheses)

% time pH<4 3 (0-11)
No. of reflux episodes 42 (0-156)
No. of reflux episodes ≥5 min 1 (0-9)
Longest reflux episode, min 7 (0-22)
DeMeester score** 12 (1-40)

Gastrostomy button 
Size: 12 French/14 French in 7/43 children
Length: 1 cm/1.5 cm in 13/37 children

During the first postoperative month
Increased in weight 43 (86%)
Decreased in weight 2 (4%)
Unchanged 5 (10%)
Died 0

* Z-scores are calculated as (actual weight – mean weight)/standard deviation8 according to the nation-
al standardized weight curves.9 **95th percentile <14.72.

Table 4. Nutritional parameters correlated to the rank order of the 50 patients included
in the study.

Parameters measured Findings Correlation Statistics
(Reference value) Median (range) Coefficient p

Age, years 1.6 (0.1-14) 0.089 0.539
Weight, kg 9.1 (4.1-41) -0.125 0.386
Z-score for weight -2.3 (-7.1-1.3) -0.518 <0.001*
Length, cm 74 (56-147) -0.018 0.902
Z-score for length -1.9 (-5.8–0.9) -0.515 <0.001*
B-Haemoglobin (100-150 g/L) 121 (88-148) -0.036 0.803
MCV (80-94 fL) 81 (62-91) -0.088 0.544
Serum iron (10-30 µmol/L) 9 (4-17) -0.307 0.029*
P-TIBC (51-86 µmol/L ) 51 (9-77) 0.014 0.923
C-reactive protein (<5mg/L) 6.5 (0.8-52) 0.139 0.335
S-Albumin (35-48 g/L) 32 (21-50) -0.229 0.110
S-Sodium (132-145 mmol/L) 138 (132-145) -0.129 0.372
S-Potassium (3.6-4.6 mmol/L) 4.2 (2.8–5.9) -0.029 0.839
S-Calcium (1. 7-3.0 mmol/L)  2.2 (1.6-2.6) -0.132 0.362
S Ionized  calcium  (1.2-1.4 mmol/L) 1.3 (1.1-2.4) -0.002 0.987
S-Urea (1. 7-7. 3 mmol/L) 2.4 (0.7-6.5) -0.078 0.589
S-Creatine (14-37 mmol/L 17 (5.0- 48) -0.165 0.252
S-Phosphorus (1. 5-2.1 mmol/L) 1.4 (1.1–2.5) -0.367 0.009*
S-Magnesium (0. 7-1.1 mmol/L) 0.8 (0.5-1.2) -0.287 0.043*

*Statistically significant.

Table 2. Diagnoses of the fifty children
included in the study.

Number of children 50
Diagnosis

Cerebral palsy 26 (52%)
Malignancy 4 (8%)
Cardiac anomaly 7 (14%)
Metabolic disease and syndrome 10 (20%)
Gastrointestinal malformations 3 (6%)

Table 3. Summary of the number and type
of complications occurring during the
first postoperative six months in the
patients included in the study.

Number of 
patients (N=50)

Complications during 
the first six postoperative
months:

Infection, 12 (24%)
antibiotics used
Granuloma around 15 (30%) 
the gastrostoma
Leakage 9 (18%)
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operative intervention. 
• Leakage, which was taken care of by

increasing the volume in the balloon of the
gastrostomy button, or a change to a longer
or shorter device in the gastrostoma.

• Pain around the gastrostoma after the first
two postoperative days, treated with anal-
gesics.

• Any discomfort leading to the change of
device in the gastrostomy.

• The number of parents’ consultations for
the child’s gastrostomy.
The children were ranked according to the

frequency and severity of these postoperative
problems up to six months after the gastrosto-
my operation, which was the endpoint of the
study. An approval by our hospital Institutional
Review Board for the study protocol was not
required because our group changed policy
and transitioned from older procedures to the
new technique under the study period. This
study included only a conventional follow-up of
the routinely operated patients. As the protocol
was designed to meet the legislative documen-
tation required in the country of origin, no for-
mal approval from the ethical committee was
necessary and not sought. The verbally
informed consent of the children’s guardians
was obtained, and this was carried out in
accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki.

Statistical considerations
Based on our previously published data using

the frequency of postoperative complications as
the primary endpoint, a sample size of 50
patients was calculated to be sufficient to per-
form a correlation test at a power of 80%. The
nonparametric Spearman’s two-tail test was
used. All statistical computations were made
using SPSS version 15 (SPSS, Inc., Chicago, IL,
USA). A p<0.05 was considered significant.

Results

All the buttons were successfully placed
using the video-assisted technique without
any intraoperative complications. There were
no serious complications during the period
studied. The postoperative complications are
summarized in Table 3, and include wound
infections, granuloma, and leakage. These
postoperative complications were used to rank
the patients according to their severity and fre-
quency. The results were correlated with the
findings of the registration of the nutrition
parameters, summarized in Table 4. There is a
significant correlation between the frequency
of postoperative problems and the low Z-score
for weight and length as well as for low phos-
phate, magnesium, and iron levels in the blood
at the time of the operation.

Discussion

There is a notion that the better the nutri-
tional state of the patient the fewer the post-
operative complications, and these are easier
to deal with during the postoperative period.
The results presented here support the neces-
sity of preoperative nutrition evaluation and
treatment before a video-assisted gastrosto-
my operation. These findings are influenced
by the fact that the children included had
already had a period of treatment and care,
and been given a sufficient amount of nutri-
tion through a nasogastric tube or intra-
venous nutritional support.

The diet anamnesis was intended to be
included. However, when this was to be regis-
tered, we discovered that the dietitian had
met the patient already and for a while
administered the amount of nutrition consid-
ered necessary for the child’s age and weight.
The children under one year of age usually
received 100-120 kcal/kg/day. The older chil-
dren received Kcal according to the formula:
Kcal/kg/day = 95 – (3 x age in years), or more
when considered necessary. Thus the chil-
dren’s problems were failure to thrive owing
to complex medical issues and not malnutri-
tion. Therefore, this parameter could not be
used. Postoperatively, no changes were made
in the amount of nutrition the child had been
given preoperatively.

Preoperatively, all the children had had a
nasogastric tube for feeding while waiting for
the operative intervention that provided the
child with a gastrostomy. The latter took place
within six weeks from the time when the
decision to operate was taken. In spite of this
treatment, the difference in the children’s
nutritional status correlated with the fre-
quency and severity of the postoperative com-
plications.

The preoperative intake of nutrition was
considered sufficient for the child’s age and
weight in all the patients, and took into
account the increased need seen in some
patient groups; that is, children with congen-
ital cardiac anomalies who are in need of up
to 40% more nutrition than other children of
same age and weight. Therefore the Z-scores
used here are not any direct marker of malnu-
trition, but are more reflective of failure to
thrive.

During the period studied we had no chil-
dren with tracheostomies. These children are
well known to have considerable problems
with their gastrostomies owing to an
increased abdominal pressure because of
increased work of breathing leading to an
increased leaking around the gastrostomy
tube.

The rate of serious complications in this
group of patients is lower than that previous-

ly reported for PEG or standard Stamm gas-
trostomies, which is as high as 40%.10 The
most serious complications were wound
infections that, in this series of patients,
were resolved with oral antibiotics or a fre-
quent change of dressing only. 

In conclusion, this study revealed a signifi-
cant correlation between the patients’ state of
nutrition and the postoperative complications
during the first six postoperative months.
Thus, the findings substantiate a routine of
nutritional evaluation and support prior to
performing a gastrostomy operation.
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