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Percutaneous endoscopic gastrostomy has been a valuable tool in
nutritional rehabilitation since its inception in 1980. Although it
was originally described in children, a large sector of the adult popu-
lation is dependant on it for nutritional support. Percutaneous endo-
scopic gastrostomy tube insertion is generally a safe procedure.
Nevertheless, variable incidence rates of complications have been
reported. The present review highlights the up-to-date indications,
contraindications and complications of percutaneous endoscopic
gastrostomy in children, along with a discussion of issues that need
further exploring through future research.
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La gastrostomie endoscopique percutanée chez
les enfants

La gastrostomie endoscopique percutanée est un outil précieux pour la
réadaptation nutritionnelle depuis sa création en 1980. Bien qu’a
lorigine, elle ait été décrite chez les enfants, un vaste secteur de la popula-
tion adulte en dépend pour le soutien nutritionnel. En général, 'insertion
de la sonde de gastrostomie endoscopique percutanée est une interven-
tion sécuritaire. Néanmoins, on a déclaré des taux de complications
d’incidence variable. La présente analyse souligne les indications a jour,
les contre-indications et les complications de la gastrostomie endoscopique
percutanée chez les enfants, de méme qu’un exposé des enjeux qui ont
besoin d’une exploration plus approfondie par de futures recherches.

Nasogastric tube feeding is most often used for short-term
enteral tube feeding. Several limitations for its long-term
use have been reported including nasal discomfort, blockage or
displacement of the tube, irritation or penetration of the lar-
ynx, recurrent pulmonary aspiration and decreased survival
rates (1).

Gastrostomy, in which a tube is inserted directly into the
stomach through an opening in the anterior abdominal wall,
has been used since the 1980s to bypass gastrointestinal dys-
function (2). The primary goal of this procedure is to improve
physical well-being by reversing or preventing malnutrition.
Other goals are said to be establishing a procedure for giving
medications with improved compliance and effectiveness
(2,3). Today, gastrostomy can be performed surgically, radiologi-
cally, laparoscopically or endoscopically (percutaneous endo-
scopic gastrostomy [PEG]). PEG has been used increasingly in
children and adults, especially in those with disabilities.

HISTORICAL BACKGROUND
PEG was first introduced by Gauderer (2) in 1980. The origi-
nal description of PEG was in children; however, it has become
a popular method of enteral nutrition in all age groups. The
first PEG insertion was performed in the pediatric operating
room of the University Hospital of Cleveland, USA on June
12, 1979, on a four-and-half month-old baby with inadequate
intake (2). Interestingly, the procedure took place under local
anesthesia with sedation. The initial reactions varied between
enthusiasm and skepticism. Nevertheless, PEG is now the second

most common indication for upper tract endoscopy in hospi-
talized patients in the United States. Approximately 4% of the

total number of patients needing PEG in the United States are
children (2).

TECHNIQUE
The theory of PEG is based on the simple fact that the con-
tinuous, sutureless opposition of stomach to the peritoneum
and anterior abdominal wall by a feeding tube will lead to for-
mation of adhesions, ie, a tract around the tube (2). Since the
original report by Gauderer (2), several modifications of the
original technique have been introduced (2,4-8). The most
popular technique of insertion is the ‘pull’ technique because it
has many advantages over the other techniques especially in
young children (2). In children, PEG tube insertion is per-
formed under general anesthesia. After insertion of the gastro-
scope into the stomach and a gentle insufflation of air, the
most transluminant point of indentation on the anterior
abdominal wall is marked. A single dose of intravenous antibi-
otic is given. After sterilizing the skin of the anterior abdomi-
nal wall and infiltration of this point with local anesthesia, a
skin incision of approximately 0.5 c¢m is made. A trocar with a
needle is pushed through this point into the stomach under
complete endoscopic visualization. A thread or a guide wire is
inserted through the trocar after removing the needle and this
thread is snared. The endoscope is then withdrawn with the
snare holding the thread. A suitably sized PEG tube is then
connected to the thread and the thread is pulled from the
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skin incision pulling the tube into the patient’s mouth through
the esophagus, to be retained in the stomach by the internal
bolster. An external bolster is placed loosely on the skin. The
position of the inner opening of the tube should be checked
by endoscopy (2).

Postoperative care

Opinions vary whether to apply dressing on the tube site; there
is no evidence whether this will affect the outcome. In the
past, hospital staff waited 24 h before commencing use of the
tube. Now, there is convincing evidence that delaying use of
the tube has no advantage over early feeding (9). At the
Stollery Children’s Hospital, Edmonton, Alberta, we recom-
mend use of the tube 4 h after insertion, first with sterile water
and if tolerated, proceed to formula. We normally keep chil-
dren overnight for observation and for teaching of caregivers.
Starting the following day, the tube should be rotated 180°
daily to reduce the possibility of gastric mucosal erosion or
migration.

INDICATIONS
Failure of adequate intake due to impossible or inadequate
oral intake.
For short durations of inadequate intake, nasoenteral tube
feeding can be used. The durations after which PEG is recom-
mended varies between two and 12 weeks (10).

Children with the following conditions fall under

this category:
Neurological disorders with inability to swallow or
dysphagia: This is the main and most common indication for
PEG in children and adults (11,12). The majority of the chil-
dren are suffering from cerebral palsy with inability to swallow.
Some of these patients may also suffer from epilepsy, in which
case they will need the tube for medication intake. Recurrent
aspiration secondary to neurological disorder may result in
failure to use the oral route safely and the insertion of a PEG
tube should be undertaken (13).

Although the nutritional status of these children improves
after PEG insertion, long-term quality of life is yet to be deter-
mined. Morbidity and mortality of 98 children with significant
neurological dysfunction and PEG were examined in a retro-
spective study (14). The range of follow-up duration was six to
14 years. There was a significant increase in weight-for-age
Z-scores. Nevertheless, mortality reached up to 39% after 13 years
due to associated comorbid conditions. Although 15% of these
children developed severe gastroesophageal reflux disease
(GERD) after PEG that necessitated fundoplication, GERD
was not a predictor of mortality
Craniofacial abnormalities: Children with congenital cranio-
facial problems or those with severe head trauma who may
need prolonged pediatric intensive care admission may benefit
from PEG to ensure adequate nutritional support and avoid the
side effects of prolonged nasoenteral feeding (15,16).
Oncology problems with malnutrition: Cancer patients are
likely to be in catabolic states ,which will negatively affect
their nutritional status. Aggressive nutritional rehabilitation is
very important in improving the outcome in this sector of
patients. With the underlying malignancy, in addition to the
aggressive chemo- and radiotherapy, it is not uncommon to
have difficulty in establishing adequate nutrition via the oral
route. Gastrostomy tubes could be a valuable avenue for nutri-
tional support (17). They also serve as a way to give medications
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if the oral route is difficult to use. PEG has been proven to be
a safe and effective method for nutritional rehabilitation in
children with cancer (18). Nevertheless, it is advisable to
avoid PEG insertion during periods of neutropenia (18,19).
Other clinical conditions: PEG can be used in other clinical
conditions that lead to wasting and malnutrition (eg, chronic
renal failure, cystic fibrosis, metabolic problems, chronic infec-
tion such as HIV, cardiac disorders, short bowel syndrome and
Crohn’s disease) (20). Nutritional support in children with
chronic health problems is crucial. Patients with cystic fibrosis
could establish not only better nutritional states but also better
pulmonary function if nocturnal supplementary PEG feeding is
started early in life (21). Supplementary PEG feeding is also
proven important in other chronic conditions, such as Crohn’s
disease. In fact, nutritional therapy is proven effective and safe
if given via PEG in children with Crohn’s disease who may
have compliance issues with this line of therapy (22). PEG
could be also a good and practical way for giving medications to
children with chronic conditions such as chronic renal failure,
HIV or chronic metabolic problems (20).

Recurrent documented aspiration

Occasionally, children who are developmentally normal and
have no underlying chronic neurological condition may suffer
from chronic aspiration (23). This may have a negative effect
on their pulmonary function and their quality of life.
Nasoenteral feeding could be proven effective in improving
their pulmonary function but again, it is not practical for long
durations. PEG is a practical and safe way for nutritional sup-
port and fluid intake especially in children with short bowel
syndrome or motility problems (20,24).

Gastric drainage and decompression
PEG is rarely indicated for gastric drainage and decompression,
especially in children with short bowel syndrome or motility

problems (20,24).

CONTRAINDICATIONS
Absolute (1,20,24,25)

1. Bleeding disorders with an international normalized
ratio of greater than 1.5, a partial thromboplastin time
of greater than 50 s and/or a platelet count of less than
50x10%/L (unless corrected);

. Severe ascites;
. Peritonitis;

. Pharyngeal/esophageal obstruction; and

[ B N S I O

. PEG insertion should not be attempted during periods
of acute severe illness but should be performed when
the patient is in stable condition.

Relative

1. Interposed organs (liver, colon), distorted anatomy by
multiple abdominal surgeries, severe kyphoscoliosis, or
any other condition that leads to failure of
diaphonoscopy (transillumination through abdominal
wall) or clear point of indentation (3,20,26,27). In the
past, these conditions were considered to be absolute
contraindications but now many gastroenterologists and
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surgeons do not consider them as such. At the Stollery
Children’s Hospital, we prefer to perform laparoscopic-
assisted PEG tube insertion for children with these
conditions because we believe it is safer.

2. Although immune deficiencies are not considered to be
a contraindication, PEG insertions with possibility of
serious skin/wound infections should be highlighted to
the referring physician/patients’ family and should be
avoided if possible.

COMPLICATIONS

Generally speaking, PEG tube insertion is a safe procedure. The
procedure should not lead to mortalities per se; however, death
has been reported due to comorbid conditions (14). Generally
speaking, it is recommended not to use PEG during periods of
severe disease (eg, acute heart failure) or severe immunosup-
pression. Death has been reported post-PEG insertion when it
is attempted during these periods (28,29) (Table 1).

Major complications have been reported with variable inci-
dence (5% to 17%) in different published pediatric series
(15,28,29,30).

Major complications

Major infection: Skin cellulitis, peritonitis, peritoneal abscess
and fasciitis have been reported with variable incidence after
PEG insertion. The routine use of prophylactic antibiotics have
been examined in several randomized, controlled trials. A
recent meta-analysis (31) that included 10 randomized con-
trolled trials indicated that antibiotic prophylaxis resulted in a
RR reduction of 62% (95% CI 48% to 72%) and an absolute
risk reduction of 15% (95% CI 10% to 19%). The number-
needed-to-treat to prevent one wound infection was seven
(95% ClI five to 10). There was no significant difference in the
sensitivity analysis regarding the type of antibiotic used (peni-
cillin versus cephalosporins) or the number of doses of antibi-
otic (one versus three). In our centre, we normally administer
one dose of a first-generation cephalosporin perioperatively.

Superficial minor skin infections are extremely common
but skin cellulitis may occur in the immediate postoperative
period, especially if the external bolster is too tight on the
skin surface. This could result in ischemic changes and may
predispose to serious skin infection and necrosis that can
respond to loosening of the external bolster and intravenous
antibiotics (32).

Pneumoperitoneum is a frequent finding post-PEG inser-
tion. In the absence of symptoms, it should be left alone because
it normally resolves within 48 h post-PEG insertion (26,33).

Peritonitis secondary to gastric content leak has been
reported early, either due to failure of tract formation possibly
as a result of a very loose external bolster, or late due to dis-
ruption of the formed tract (29,34). Some patients could be
managed conservatively but many of these patients may need
laparotomy. Occasionally, peritonitis may occur secondary to
colonic perforation with or without fistula formation.
Colonic fistula/perforation formation: Colonic perforation
with subsequent acute peritonitis or with fistula formation
and early or late presentation has been reported in both adult
and pediatric series (Table 1). The fistula is usually gastroco-
locutaneous. In many of these patients, the operator cannot
establish a good point of indentation and transillumination
during PEG insertion because a colonic loop finds its way
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between the anterior abdominal wall and the stomach.
Presentation could be in the form of vomiting and abdominal
pain with stool coming from the PEG site. Presentation can
be delayed up to several months following PEG insertion.
Some children were reported to respond to conservative man-
agement in the form of PEG removal, intravenous antibiotics
and keeping them nil per os for some time. Others will need
laparotomy and surgical correction (28,29).

Major bleeding: Major bleeding necessitating blood transfu-
sion with or without laparotomy, although uncommon, has
been reported in both adult and pediatric series (Table 1).
This may happen if there is anatomical variation (eg, previ-
ous abdominal surgery or kyphoscoliosis). PEG tubes may be
inserted into the greater stomach curvature with perforation
of the gastric artery and subsequent intra-abdominal bleeding
that necessitates laparotomy.

Tube/bolster migration with or without intestinal obstruc-
tion: This was not an uncommon complication, especially in
the early days. Nevertheless, with the introduction of better
tubes and improvement of the technique, the incidence of
bolster migration has dropped significantly. The problem is
usually the result of too much traction on the tube or pushing
the external bolster too tight on the skin surface, which may
result in ‘buried bumper’ syndrome. On occasion, the tube or
internal bolster migrate through the stomach to block the
pylorus, or even migrate distally to cause intestinal obstruc-
tion. Daily rotation of the tube in the early postinsertion
period is recommended to avoid gastric mucosal migration or
erosion (27).

Esophageal tear: Although no esophageal injury was reported
in the early pediatric series, a longitudinal esophageal tear
was reported in a single child in the series by Beasley et al
(28). This may be caused by an inappropriate size match
between the tube (too large) and esophagus (especially in
esophageal strictures). The endoscopist should be aware of
any esophageal strictures before inserting PEG tubes. Another
reason is that the guide wire may be snared and pulled out too
close to the tip (28). Nowadays, the majority of PEG tubes
come with a floppy thread rather than a rigid guide wire.
Failure to enter the stomach: Although it has not been con-
sidered a complication by some endoscopists/surgeons, failure
to insert PEG tubes has been reported in some series as a
complication (28). Certainly, exposing a child to general
anesthesia with no benefit is not very pleasant; one can argue
that doing so may spare the child from major complications.
This usually happens when the operator cannot establish a
point of satisfactory indentation and transillumination on
the anterior abdominal wall. The alternative is to proceed to
laparoscopically assisted PEG, laparoscopic gastrostomy tube
(35) or open gastrostomy, depending on the availability of
the relevant expertise and equipment.

Minor complications

Minor complications are common and may occur in up to 50%
of patients (3,15,34). Minor complications include minor super-
ficial skin infections that usually respond to enteral antibiotics,
superficial granulation tissue formation that usually responds
to local chemical cautery using silver nitrate swabs, and tube
leak which, in the majority of cases, is due to local infection
(27,28,36). Again, this should respond to a course of enteral
antibiotics and sometimes suspending PEG feeding for a few
days, during which, a nasojejunal feeding tube can be used.
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TABLE 1

Major complications reported in selected pediatric series

Author Tube/bolster Esophageal

(reference) n Design Deaths  Infection migration tear Fistula Obstruction Bleeding
Gauderer et al (29) 220 Retrospective 2 3 0 0 5 1 0
Khattak et al (30) 120 Retrospective 1 8 1 0 4 3 3
Beasley et al (28) 79 Prospective 8 8 5 1 1 0 0
Segal et al (34)* 110 Retrospective 0 4 16t 0 2 0 0
Avistland et al (15)F 121 Retrospective 0 10 3 0 0 0 0

*Complications reported six days post-percutaneous endoscopic gastrostomy (PEG) tube insertion; 116 children had 24 episodes of tube/bottom migration during

follow-up period; *Early complications within first 30 days of PEG tube insertion

TABLE 2

Selected pediatric trials examining the effect of percutaneous endoscopic gastrostomy (PEG) tube insertion on

gastroesophageal reflux

Reflux Reflux
Author Neuro- symptoms symptoms pH before pH after
(reference) n abnormal pre-PEG post-PEG Normal Abnormal Normal Abnormal Fundoplication
Grunow et al (40) 10 5 0 3 10 0 6 4 None
Launay et al (41) 20 9 NS NS 13 6 5 1 None
Wilson et al (42) 121 21 25 6 51 28 NS NS 2
Sulaeman et al (43) 85 79 46 20 22 24 NS NS 8

NS Not stated

Tube clogging is also a frequent problem and families are
taught how to flush the tube after feeding to avoid having a
formula thrombus.

Another minor complication of PEG is that if the tube falls

out early in the postoperative period, there is a risk of peritoni-
tis because the tract around the tube may not be well formed,
especially in the first few days. We instruct our patients’ fami-
lies to go to the nearest emergency room as soon as possible if
this complication occurs and avoid inserting another tube at
home. However, if this problem happens late (eg, six weeks or
more after PEG tube insertion), we advise families to insert a
Foley catheter that we supply them with until they see us next.
By doing so, the tract is kept open and prevents closing imme-
diately following tube removal.
Complications of change or removal: Normally, change of the
tube to a skin-level device (eg, Mic-Key button, Kimberly-
Clark, USA) is an easy and safe procedure (20,37). Because
buttons are easy to use and more socially acceptable, many
patient’s families request this change as soon as possible. The
change can happen once the tract around the tube is formed
and has been reported to be completed in some centres as early
as six weeks post-PEG insertion. In the old tubes, the internal
bolster was rigid and this necessitated the removal of the bol-
ster endoscopically. Simple cutting of the tube and leaving the
internal bolster to be excreted with stools is unsafe and may
lead to intestinal obstruction. Yaseen et al (38) recommended
against nonendoscopic removal of PEG tubes, especially in
small children. Currently, there are tubes available with rela-
tively floppy internal bolsters that can be pulled out, after which
a button can be inserted. There have been a few reports (20) of
patients who suffered from peritonitis because the end of the
button was not in the stomach. It is a safe approach to endo-
scopically confirm placement of the gastric end of the button.
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Normally, after removing the PEG tube, the tract starts
closing immediately and in the majority of patients, takes 48 h
to 72 h to close. Occasionally, a persistent gastrocutaneous
fistula may need surgical closure. Factors that may predispose
to this rare complication include malnutrition, debilitating
disease, persistent straining-like cough and obesity (39). In a
recent pediatric series (15), delayed closure (greater than one
month) was reported in 10 of 21 children (48%) who were able
to remove their PEG tube during the time of follow-up. Only
three of these children needed surgical closure of the fistula.
Time from PEG insertion to removal was not predictive of
delayed closure.

PEG, GERD AND ASPIRATION
The causal relationship between PEG insertion and occur-
rence or aggravation of GERD and subsequent aspiration
pneumonia has been the subject of many trials. Generally
speaking, pediatric trials have been underpowered with con-
flicting results and conclusions. Table 2 summarizes the results
of four pediatric trials addressing this topic. While the small
study by Grunow et al (40) concluded that PEG insertion is
associated with significant reflux, other larger and more recent
trials had completely different conclusions (41-43).

In the adult literature, Johnson et al (44) demonstrated an
increase in lower esophageal sphincter (LES) pressure after
PEG insertion in their small sample of seven patients with
decreased reflux scores. One patient did not maintain this
effect when he was tested again four weeks post-PEG insertion.
Coben et al (45) examined the effect of PEG insertion on basal
LES pressure during two different methods of feeding. While
PEG placement did not affect the LES, rapid infusion of high
volume feeds induced significant reduction in pressure in the
LES with some reflux episodes detected by scintigraphy.
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In the presence of GERD symptoms previous to PEG inser-
tion, the decision of PEG, to use a gastrostomy tube with fun-
doplication or even consideration of a jejunostomy or
gastrojejunal-tube insertion should be individualized and per-
formed after discussion with referring physicians, surgeons and
patients’ families. If there is a problem with vomiting and
GERD with or without delayed gastric emptying, a pH study,
motility study and/or a gastric emptying scan may help in mak-
ing the decision and in counselling the patients and their
families. An upper gastrointestinal contrast study will help to
exclude gastrointestinal anatomical problems in patients with
chronic vomiting.

PEG in small infants

In the past, some endoscopists and surgeons considered the
lower limit of body weight to insert PEG tubes to be 10 kg
(10,20). However, PEG has been reported to be inserted safely
in infants with a weight as low as 2.3 kg (46). Other investiga-
tors recommended using the laparoscopic-assisted PEG tech-
nique in this sector of patients (47).

Family and caregiver satisfaction

Avistland et al (15) examined parent and caregiver satisfaction
using semistructured telephone interviews. Of 85 families
interviewed, 78 (92%) stated that preoperative expectations
were fulfilled and 98% stated that they would choose PEG
again. It was not clear in the study how long after PEG inser-
tion the interviews took place.

Ethical dilemma

The adult literature and guidelines state that, ideally, PEG
insertion should not be performed for administrative conve-
nience or to save money, time or human resources unless there
will be an improvement in the quality of life rather than just
maintaining life (eg, in chronic vegetative states [20,48,49]).
The situation may be different when it comes to children. In
many situations in pediatric practice we agree to insert PEG
tubes to save time for the caregivers and improve the quality of
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