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PEDIATRIC GASTROENTEROLOGY, HEPATOLOGY & NUTRITION 

Short-Term Complications of Percutaneous Endoscopic 
Gastrostomy according to the Type of Technique

Mi Hyeon Gang and Jae Young Kim

Department of Pediatrics, Chungnam National University School of Medicine, Daejeon, Korea

Purpose: The method of percutaneous endoscopic gastrostomy (PEG) tube placement can be divided into the pull 
and introducer techniques. We compared short-term complications and prognosis between patients who underwent 
the pull technique and two other types of introducer techniques, the trocar introducer technique and T-fastener gastro-
pexy technique. 
Methods: Twenty-six patients who underwent PEG were enrolled in this study. We retrospectively investigated the 
age, sex, body weight, weight-for-age Z-score, underlying diseases, PEG indications, complications, duration of 
NPO (nil per os), pain control frequency, and duration of antibiotic therapy. The patients were classified into three 
groups according to the PEG technique. The occurrence of complications was monitored for 10 weeks after the 
procedure. 
Results: The age, sex, body weight, and weight-for-age Z-score were not significantly between the three groups. 
Most patients had cerebral palsy and seizure disorders. Dysphagia was the most common indication for PEG. Major 
complications occurred in 5 (50%), 4 (66.7%), and 0 (0%) patients in group I, II, and III, respectively (p=0.005). Further, 
peristomal infection requiring systemic antibiotic therapy occurred in 2 (20%), 3 (50%), and 0 (0%) patients in group 
I, II, and III, respectively (p=0.04). There was no significant difference between the groups with respect to minor 
complications, duration of NPO, pain control frequency, and duration of antibiotic therapy. 
Conclusion: The results indicate that the T-fastener gastropexy technique was associated with the lowest rate of 
major complications.
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INTRODUCTION

　Percutaneous endoscopic gastrostomy (PEG) is a 
procedure of placing a nutrition tube into the stomach 

through the abdominal wall using an endoscope. PEG 
is used to deliver nutrition to patients who have nor-
mal digestive function but who cannot maintain oral 
intake for prolonged periods [1]. This procedure was 
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Table 1. Period Using the Technique, Procedure Place, Gastrostomy Tube Size

Parameter Group I Group II Group III

Period using the technique (period)
Procedure place (n, %)
   Endoscopy unit
   Operating room
Intensive care unit 
Gastrostomy tube size (Fr)

2005.12-2010.7

6 (60.0)
3 (30.0)
1 (10.0)
20, 24

2010.8-2012.6

1 (16.7)
5 (83.3)
0 (0.0)

13-18

2012.7-2014.6

5 (50.0)
5 (50.0)
0 (0.0)
14, 16

Group I: patients underwent the Ponsky-Gauderer pull technique from December 2005 to July 2010, group II: patients underwent 
large-caliber trocar introducer percutaneous endoscopic gastrostomy from August 2010 to June 2012, group III: patients underwent
T-fastener gastropexy from July 2012 to June 2014.

first described by Gauderer and colleagues [2]  in 
1980; they used the “pull technique”, wherein the 
gastrostomy tube is placed into the stomach through 
the oral cavity under endoscopic guidance, and pulled 
to the outside. Since then, it has been widely used as an 
alternative for surgical PEG [2,3]. Gauderer’s pull tech-
nique is simple and easy to perform, but may be asso-
ciated with a number of complications, occurring at 
various rates, including peristomal infection, peri-
stomal leakage, granulation tissue, gastric tissue out-
growth, hemorrhage, ileus, pneumoperitoneum, co-
lon injury, aspiration pneumonia, buried bumper syn-
drome, abscess, and gastrocutaneous fistula [4-6].
　In 1984, Russell et al. [7] introduced a new PEG 
placement technique, the “push technique”, where 
the gastric wall is fixed to the abdominal wall under 
endoscopic guidance. The gastrostomy tube is passed 
into the stomach through the abdominal wall from 
the outside, bypassing the oral cavity. Since then, 
various techniques that differ in the method of fixing 
the stomach wall to the abdominal wall, or in the 
method of penetrating the stomach wall, such as the 
introducer (Russell) and Versa (T-fastener) techni-
ques, have been introduced [8]. Such introducer 
methods allow bypassing of the oral cavity and re-
duce the risk of infection. However, these techniques 
increase the risk of pneumoperitoneum with re-
peated inflation of stomach, which can cause leak-
age of air from the stomach into the abdominal cav-
ity [9,10].
　PEG-associated complications can vary not only 
between the push and pull techniques but also be-

tween the different methods of puncturing the gas-
tric wall and fixing the stomach to the abdominal 
wall in the push techniques. Most studies on the 
complications of PEG have compared the pull techni-
que with surgical methods, or the pull technique with 
the introducer technique [11-14]. There is no study 
comparing the three groups including the pull tech-
nique and different types of introducer techniques. 
In the present study, we compared short-term com-
plications and prognosis between patients who un-
derwent the pull technique and two different types of 
introducer techniques, the large-caliber trocar in-
troducer technique and T-fastener gastropexy.

MATERIALS AND METHODS

Study design
　This study enrolled 26 patients who underwent 
PEG at the Department of Pediatrics, Chungnam 
National University Hospital, between September 
2005 and June 2014. All patients provided written in-
formed consent before the PEG procedure. These pa-
tients underwent one of the three types of PEG tech-
niques during the study period. Patients underwent 
the Ponsky-Gauderer pull technique (group I) from 
December 2005 to July 2010; large-caliber trocar in-
troducer PEG (group II) from August 2010 to June 
2012; and T-fastener gastropexy (group III) from 
July 2012 to June 2014 (Table 1). At our hospital, we 
revised our method of PEG placement to implement 
better procedural techniques when new PEG place-
ment techniques had been introduced in Korea. 
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　The medical records of these subjects were re-
viewed retrospectively, and we analyzed the differ-
ences in the patient’s age, sex, weight, weight-for-age 
Z score, underlying diseases, PEG indications, compli-
cations, post-procedural fasting period, pain control 
frequency, and the duration of antibiotics if required. 
Short-term complications were monitored for 10 
weeks after the PEG procedure. The study protocol 
was approved by the institutional review board  of 
Chungnam National University Hospital (IRB No. 
2014-08-15).

Percutaneous endoscopic gastrostomy
techniques
　The PEG procedure was performed either in the en-
doscopy room or in the operating room, under the 
guidance of endoscopes with external diameters of 
9.2 mm (GIF-Q260; Olympus Optical Co., Ltd., Tokyo, 
Japan) or 6.5 mm (GIF-XP260; Olympus Optical Co., 
Ltd.). We used the Cook PEG Kit (Wilson-Cook 
Medical Inc., Winston-Salem, NC, USA) for the pull 
technique, and either the Cliny PEG Kit (Create 
Medic, Yokohama, Japan) or the Kimberly-Clark MIC 
G Introducer Kit (Vygon Ltd., Cirencester, UK) for the 
introducer techniques (Table 1). 

1. Ponsky-Gauderer pull technique

　The oral cavity was sterilized using povidone-io-
dine solution on the day of the procedure and imme-
diately before the procedure. An endoscope equipped 
with a snare was inserted into the stomach, and after 
inflating the stomach with air, the site where the 
gastric wall was closest to the abdominal wall was se-
lected and marked. A skin incision of a length similar 
to that of the external diameter of the gastrostomy 
tube was made in the marked area. A Medicut can-
nula was quickly inserted. A guide wire was placed 
into the stomach through the cannula, which was 
grasped with the snare. While holding the guide wire 
in place, the endoscope was removed through the or-
al cavity, and the gastrostomy tube was fixed on the 
guide wire. The gastrostomy tube attached to the 
guide wire was pulled outside through the abdomi-
nal wall and fixed [15].

2. Large-caliber trocar introducer percutaneous en-

doscopic gastrostomy

　The site for tube insertion was selected under en-
doscopic guidance as described above. Two dou-
ble-lumen gastropexy devices were used to fix areas 
of the gastric wall to the abdominal wall. A 5-mm in-
cision was made between the two fixed areas. Then, 
the plastic tube containing the trocar was inserted 
into the stomach through the incision. The trocar 
was removed, and the gastrostomy tube was sta-
tioned within the stomach through the plastic tube. 
The balloon was inflated using 5 mL of sterile water, 
and the plastic tube was broken to remove it, follow-
ing which the gastrostomy tube was fixed [16].

3. T-fastener gastropexy

　The site for gastrostomy tube insertion was chosen 
and a T-fastener was inserted into the stomach 
through the abdominal wall for 3-point fixation, in the 
shape of a triangle. At the center of the triangle, a small 
skin incision was made, through which an 18-gauge 
BD Angiocath catheter (Becton Dickinson Infusion 
Therapy Systems Inc., Sandy, UT, USA) was inserted 
into the stomach. Then, a guide wire was placed into 
the stomach through the Jelco. The Jelco was re-
moved, and a peel-away sheath dilator was placed sys-
temically through the guide wire until the fourth posi-
tioned in the stomach. The first three dilators 
(excluding the fourth dilator) were removed, and the 
gastrostomy tube was put into the stomach through 
the dilator and fixed [17].
　For all three techniques, those who underwent the 
procedure in the endoscopy room or the intensive care 
unit received midazolam and ketamine or mid-
azolam, ketamine, and demerol together for sedation. 
During the procedure, their heart rates and oxygen 
saturation levels were monitored. The skin incision 
site was locally anesthetized using lidocaine. Those 
who received the procedure in the operating room un-
derwent general anesthesia by a board-qualified 
anesthesiologist. The patients were fasted for 8 hours 
before the procedure and received prophylactic anti-
biotics 30 minutes before the procedure.
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Table 2. Comparison of Baseline Characteristics between the Three Groups

Characteristic Total (n=26) Group I (n=10) Group II (n=6) Group III (n=10) p-value

Age (y)
Sex (male)
Body weight (kg)
Weight-for-age Z-score

9.7±7.4
14 (53.8)
15.1±5.8
–6.3±3.9

10.7±8.0
4 (40.0)
18.1±7.0
–5.5±4.3

6.0±5.1
2 (33.3)
11.8±4.5
–5.4±1.7

10.9±7.9
8 (80.0)
14.2±4.1
–7.8±4.3

0.506
0.105
0.215
0.492

Values are presented as mean±standard deviation or number (%).
Group I: patients underwent the Ponsky-Gauderer pull technique from December 2005 to July 2010, group II: patients underwent 
large-caliber trocar introducer percutaneous endoscopic gastrostomy from August 2010 to June 2012, group III: patients underwent
T-fastener gastropexy from July 2012 to June 2014.

Table 3. Underlying Conditions of the 26 Patients

Parameter n (%)

Cerebral palsy
Seizure disorders
Hypoxic ischemic encephalopathy
Chromosome anomaly
Neurodegenerative disease
Pompe disease
Spinal muscular atrophy
Mitochondrial myopathy, encephalopathy,
 lactic acidosis and stroke-like episodes
de Lange syndrome
Niemann-Pick disease

18 (69.2)
16 (61.5)
5 (19.2)
3 (11.5)
2 (7.7)
1 (3.8)
1 (3.8)
1 (3.8)

1 (3.8)
1 (3.8)

Table 4. Indications for Percutaneous Endoscopic Gastrostomy
(n=26)

Parameter n (%)

Dysphagia
Inadequate oral intake
Recurrent aspiration (oropharyngeal coordination
 dysfunction)
Stenosis of esophagus due to esophageal ectopic
 gastric mucosa

18 (69.2)
4 (15.4)
3 (11.5)

1 (3.8)

Complications
　The complications were divided into major and 
minor categories. Major complications included 
those that required systemic antibiotic treatment or 
surgical intervention due to problems with the gas-
trostomy site. Other complications belonged to mi-
nor categories. These included stomal leakage, peri-
stomal infection, granulation tissue formation, and 
pneumoperitoneum. Peristomal infection associated 
with erythema and small amounts of exudate, which 
did not require antibiotic treatment, was categorized 
as a minor complication. Those that required sys-
temic antibiotic therapy, because they involved exu-
date or pus with positive cultures or fever of greater 
than 38oC, were categorized as major complications. 

Statistical analysis
　The age, weight, and weight-for-age Z-scores were 
recorded as mean and standard deviation. The fast-
ing period, pain control frequency, and the duration 

of antibiotic therapy were recorded as median 
(range). Other variables were recorded as the num-
ber of cases (percentage). Continuous variables were 
analyzed using Kruskal-Wallis validation, and other 
non-continuous variables, including the complica-
tions, were compared between the three groups us-
ing the Fisher’s exact test. All statistical analyses 
were performed using IBM SPSS Statistics version 
21.0 software (IBM Co., Armonk, NY, USA), and 
p-values less than 0.05 were considered statistically 
significant. 

RESULTS

Patient characteristics
　Of the 26 patients, 14 patients (53.8%) were male 
and 12 (46.2%) were female. The patient ages were 
10.7±8.0, 6.0±5.1, and 10.9±7.9 years for those in 
group I, II, and III, respectively, with no statistically 
significant differences between the three groups 
(Table 2). The three most common underlying dis-
eases were cerebral palsy (69.2%), epileptic disease 
(61.5%), hypoxemic ischemic brain injury (19.2%), 
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Table 6. Incidence of Minor Complications Related to Percutaneous Endoscopic Gastrostomy

Parameter Total (n=26) Group I (n=10) Group II (n=6) Group III (n=10) p-value

Stomal leakage
Peristomal infection
Granulation tissue
Pneumoperitoneum 
Ileus
None

11 (42.3)
7 (26.9)

10 (38.5)
5 (19.2)
5 (19.2)
4 (15.4)

5 (50.0)
3 (30.0)
2 (20.0)
0 (0.0)
3 (30.0)
2 (20.0)

3 (50.0)
3 (50.0)
3 (50.0)
2 (33.3)
2 (33.3)
0 (0.0)

3 (30.0)
1 (10.0)
5 (50.0)
3 (30.0)
0 (0.0)
2 (20.0)

0.680
0.216
0.395
0.133
0.133
0.639

Values are presented as number (%).
Group I: patients underwent the Ponsky-Gauderer pull technique from December 2005 to July 2010, group II: patients underwent 
large-caliber trocar introducer percutaneous endoscopic gastrostomy from August 2010 to June 2012, group III: patients underwent
T-fastener gastropexy from July 2012 to June 2014.

Table 5. Incidence of Major Complications Related to Percutaneous Endoscopic Gastrostomy

Parameter Total (n=26) Group I (n=10) Group II (n=6) Group III (n=10) p-value

Significant stomal problems
  Peristomal infection
  Granulation tissue
  Buried bumper
Gastrocutaneous fistula
Pneumonia
None

5 (19.2)
3 (11.5)
1 (3.8)
1 (3.8)
1 (3.8)

17 (65.4)

2 (20.0)
2 (20.0)
1 (10.0)
0 (0.0)
1 (10.0)
5 (50.0)

3 (50.0)
1 (16.7)
0 (0.0)
1 (16.7)
0 (0.0)
2 (33.3)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

10 (100.0)

0.040
0.423
1.000
0.231
1.000
0.005

Values are presented as number (%).
Group I: patients underwent the Ponsky-Gauderer pull technique from December 2005 to July 2010, group II: patients underwent 
large-caliber trocar introducer percutaneous endoscopic gastrostomy from August 2010 to June 2012, group III: patients underwent
T-fastener gastropexy from July 2012 to June 2014.

and chromosomal abnormality (11.5%), with no sig-
nificant difference between the three groups (Table 
3). The indications for PEG were dysphagia in 18 pa-
tients (69.2%), prolonged insufficient oral intake in 4 
patients (15.4%), and frequent aspiration in 3 pa-
tients (11.5%) (Table 4). 

Post-procedural complications 
　Complications developed in 22 of the 26 patients 
(84.6%), with no significant difference between the 
three groups. Of the 22 patients who had complica-
tions, 9 had major complications (34.6%). The in-
cidence of major complications was 50.0%, 66.7%, 
and 0% in groups I, II, and III, respectively (p= 
0.005, Table 5). The incidence of peristomal in-
fection was 20%, 50% and 0% in groups I, II, and III, 
respectively (p=0.04, Table 5). The main organisms 
that were cultured from the wounds were methi-

cillin-resistant Staphylococcus aureus in 1 patient and 
Pseudomonas aeruginosa in 4 patients (as well as 
Klebsiella pneumonia in one of them). For the major 
complications, 1 patient in group I developed peri-
stomal infection and buried bumper syndrome, and 
1 patient in group II experienced peristomal in-
fection and granulation tissue formation. The most 
common minor complications were stomal leakage, 
granulation tissue, peristomal infection, pneumo-
peritoneum, and ileus in order of frequency, with no 
significant difference in incidence between the 
three groups (Table 6). All patients who developed 
major complications also had other minor compli-
cations. Multiple complications occurred in 13 pa-
tients (50.0%), which consisted of 2 patients (7.7%) 
with 2 major complications, 9 patients (34.6%) with 
a major and minor complication, and 11 patients 
(42.3%) with 2 minor complications. 
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Table 7. Clinical Characteristics Related to Percutaneous Endoscopic Gastrostomy

Parameter Total (n=26) Group I (n=10) Group II (n=6) Group III (n=10) p-value

Post-procedural fasting period (h)
Pain control frequency (number of times)
Duration of antibiotic therapy (d)

33.3 (14-114)
1 (0-8)
6 (3-21)

25.8 (16-110.5)
1.5 (0-8)

6 (3-21)

63.8 (20-90)
1.5 (0-3)

6 (3-12)

32 (14-114)
1 (0-5)

-

0.625
0.681
0.912

Values are presented as median (range).
Group I: patients underwent the Ponsky-Gauderer pull technique from December 2005 to July 2010, group II: patients underwent
large-caliber trocar introducer percutaneous endoscopic gastrostomy from August 2010 to June 2012, group III: patients underwent
T-fastener gastropexy from July 2012 to June 2014.

Post-procedural fasting period, pain control 
frequency, and duration of intravenous 
antibiotic therapy
　The mean fasting period after the procedure was 
the longest in group II, at 63.8 hours (20-90 hours), 
but there was no significant difference between the 
three groups (Table 7). The mean pain control fre-
quency was 1.5 times (0-8 times) in group I, 1.5 
times (0-3 times) in group II, and 1 time (0-5 times) 
in group III, showing the lowest frequency for group 
III, but without statistical significance (Table 7). The 
mean duration of antibiotic therapy was 6 days (3-21 
days), with no significant difference between group 
I and group II (Table 7). 

DISCUSSION

　In this study, we compared the short-term compli-
cations and prognosis between patients undergoing 
PEG using three different placement techniques: the 
Ponsky-Gauderer pull technique, the large-caliber 
trocar introducer PEG technique, and the T-fastener 
gastropexy technique. The T-fastener gastropexy 
technique was associated with the lowest incidence 
of peristomal infection. The incidence of major com-
plications was the highest in the large-caliber trocar 
introducer PEG group and lowest in the T-fastener 
gastropexy group. The incidence of all major compli-
cations was not significantly different between the 
Ponsky-Gauderer pull technique and the large-cali-
ber trocar introducer PEG technique, while the T-fas-
tener gastropexy technique was associated with the 
lowest incidence of complications compared to the 
other two techniques. 

　Martins et al. [17] have reported that the gastro-
pexy technique without prophylactic antibiotics was 
associated with a lower rate of peristomal infection 
than the pull technique with prophylactic anti-
biotics. A randomized study by Shigoka et al. [18] 
that prospectively compared the modified introducer 
method and the pull methods reported a lower in-
cidence of peristomal infection when using the 
modified introducer method, but this was not stat-
istically significant. A study by Maetani et al. [19] 
showed a lower risk of peristomal infection when us-
ing the introducer technique compared to the pull 
technique. It seems that the pull technique is asso-
ciated with a higher rate of peristomal infection than 
the introducer technique because the gastrostomy 
tube passes the oral cavity, which is colonized by nor-
mal flora. In our study, we also found a lower in-
cidence of peristomal infection using the T-fastener 
gastropexy technique compared to the pull 
technique. However, the large-caliber trocar in-
troducer PEG technique was associated with a high-
er rate of peristomal infection compared to the pull 
technique, suggesting no advantage of using 
large-caliber trocars in pediatric patients. This will 
need to be confirmed with further studies. 
　In a meta-analysis, the incidence of peristomal in-
fection was 10.7% for the pull technique and 0.9% for 
the introducer technique [20]. In our study, the in-
cidence of peristomal infection for the pull technique 
was 20%, which was higher than that reported by the 
meta-analysis, and the incidence was 50% when the 
large-caliber trocar introducer technique was used, 
higher than that reported in the meta-analysis. 
However, we did not observe any case of peristomal 
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infection in the T-fastener gastropexy group, which 
was similar to the results of the meta-analysis. 
　The overall incidence of complications was lower 
for the push technique than the pull technique in the 
study by Tucker et al. [21]. A study by Köhler et al. 
[12] reported that the push technique was asso-
ciated with a higher incidence of complications, such 
as migration of the gastrostomy tube and blockage of 
the tube, than the pull technique. In our study, we 
did not identify a significant difference in the overall 
incidence of all complications between the three dif-
ferent PEG placement techniques. Taylor et al. [22] 
reported a 70% incidence rate of PEG complications, 
most of which occurred within the first 3 months, 
and of which 88% were minor complications. In the 
present study, we investigated complications that 
occurred within the first 10 weeks, and the incidence 
of complications was 84.6%. Of these, 34.6% were 
major complications, all of which were associated 
with other minor complications. Half of the patients 
had only minor complications, most of which were 
stomal leakage and granulation tissue formation. In 
a prospective study by Brewster et al. [23], where pa-
tients underwent the modified introducer PEG tech-
nique, the incidence of major complications asso-
ciated with PEG was 14%, which was lower than that 
of our study. However, most of the major complica-
tions in our study were peristomal infections requir-
ing systemic antibiotic therapy. On the contrary, per-
istomal infection and tube dislodgement or migra-
tion each accounted for approximately half of all ma-
jor complications in the study by Brewster et al. [23]. 
The incidence of major complications associated 
with PEG in pediatric patients in the literature rang-
es between 12.6% and 17.5%, and that of proce-
dure-related death is between 0.2% and 0.9% 
[24-27]. In our study, there were 5 cases of complica-
tions (19.2%) that required surgical intervention, 
but there were no cases of death or need for blood 
transfusion. 
　Cerebral palsy and hypoxemic ischemic brain in-
jury are the most common underlying disease in pa-
tients who require PEG, which is usually associated 
with severe spasticity and stenosis or deformity of 

the opening of the esophagus due to prolonged poor 
feeding. In the introducer technique, the gastro-
stomy tube is inserted into the stomach through the 
abdominal wall under endoscopic guidance. Hence, 
unlike the pull technique (where the gastrostomy 
tube is tied to the guide wire, inserted into the stom-
ach, and then pulled out through the abdominal 
wall), it can be performed in handicapped children 
possessing the above problems. It can also be per-
formed using a small-diameter endoscope under se-
dation and local anesthesia, in patients who develop 
low oxygen saturation when using endoscopes with 
larger diameters. In the present study, 46% of pa-
tients underwent PEG under sedation in the endos-
copy unit. 
　The most common indication for PEG is neuro-
developmental disorder with oral motor dysfunction 
[28]. In our study, 69.2% of patients underwent PEG 
owing to dysphagia associated with cerebral palsy 
and epileptic disease. Pediatric patients with neuro-
developmental disorders frequently require anti-re-
flux surgery. Laparoscopic fundoplication was per-
formed in 4 patients in our study. 
　Although prophylactic antibiotic therapy before 
the procedure does not significantly reduce local in-
fection in adult and geriatric patients, it can reduce 
the infection rate in pediatric patients [29]. A few 
studies have supported the effectiveness of prophy-
lactic antibiotics in reducing infection [30-32]. In 
our study, 84.6% of patients received prophylactic 
antibiotics, and only 25% of the 15.4% of patients 
who did not receive prophylactic antibiotics devel-
oped local infection. Therefore, the benefit of pro-
phylactic antibiotics is not clear and will need to be 
confirmed by further studies.
　Nutrition can be safely delivered 24 hours after 
PEG placement. PEG feeding can begin 3 hours after 
tube placement if there are no problems [33]. 
However, the delivery of nutrition is delayed if there 
are complications such as bleeding or swelling at the 
procedure site, paralytic ileus, or fever. In our study, 
the fasting period was not significantly different be-
tween the three groups, but was found to be the 
shortest in the Ponsky-Gauderer technique group 
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and the longest in the large-caliber trocar introducer 
PEG group. This is likely associated with the higher 
incidence of major complications in the large-caliber 
trocar introducer PEG group. 
　The pain control frequency was lowest in the 
T-fastener gastropexy group, even though the differ-
ence was not significant between the three groups. 
There is a possibility that the other two techniques 
were associated with larger skin incisions from using 
relatively larger gastrostomy tubes. In addition, the 
large-caliber trocar introducer PEG technique in-
volves simultaneous penetration of the abdominal 
wall and the gastric wall using a trocar larger than 
the gastrostomy tube. In contrast, in the T-fastener 
gastropexy technique, the peel-away sheath dilator 
is systemically expanded from smaller to larger di-
ameters, and associated with a shorter incision and 
less tissue damage. 
　This study has several limitations: the small num-
ber of cases from a single institution, retrospective 
study design, and the fact that the three techniques 
were performed at different periods, allowing for 
variation in the experience and skills of the 
practitioner. Further, the caregivers (parents or em-
ployee of the institution) and quality of the environ-
ment differed after they were discharged, which may 
have influenced on the occurrence of complications. 
These could not be controlled in our study.
　In conclusion, the incidence of major complica-
tions that required medical or surgical intervention 
was lowest in the T-fastener gastropexy group, while 
there was no significant difference in the incidence 
of minor complications between the three PEG 
techniques. This group also had the lowest incidence 
of peristomal infection, which supports the use of 
this method as a first choice in pediatric patients. 
Future multicenter studies recruiting a larger num-
ber of patients that compare the short- and 
long-term complications after undergoing PEG with 
the different techniques will be necessary. 
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