
Introduction
The standard management of pediatric patients requiring long-
term enteral nutritional support is a gastrostomy feeding tube
[1]. Most centers prefer to insert a percutaneous endoscopic
gastrostomy (PEG) owing to its simplicity and low costs [2].
The pull technique (PEG-P) is the most commonly used meth-
od, and an internal bumper secures fixation of the stomach to
the abdominal wall. In adults, removal of the PEG-P tube is
usually done with the “cut and push” technique. This is not re-

commended in children due to reports of severe complications
such as esophageal laceration and intestinal obstruction caused
by the internal bumper [3]. Therefore, in pediatric patients, the
tube is removed either endoscopically or by traction, under
general anesthesia or sedation [4].

An alternative to PEG-P is the push technique, which offers
primary insertion of a balloon gastrostomy tube or a low-profile
button. In pediatric patients, this is a major advantage as the
tube can easily be removed without the need for sedation or
general anesthesia. Since the balloon does not offer the same
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ABSTRACT

Background and study aims Insertion of a percutaneous

endoscopic gastrostomy (PEG) with push-through tech-

nique and T-fastener fixation (PEG-T) has recently been in-

troduced in pediatric patients. The T-fasteners allow a pri-

mary insertion of a balloon gastrostomy. Due to limited

data on the results of this technique in children, we have in-

vestigated peri- and postoperative outcomes after imple-

mentation of PEG-T in our department.

Patients and methods This retrospective chart review in-

cluded all patients below 18 years who underwent PEG-T

placement from 2010 to 2014. Main outcomes were 30-

day postoperative complications and late gastrostomy-

related complications.

Results In total, 87 patients were included, and median

follow-up time was 2.4 years (1 month – 4.9 years). Median

age and weight at PEG-T insertion were 1.9 years

(9.4 months – 16.4 years) and 10.4 kg (5.4–33.0 kg),

respectively. Median operation time was 28 minutes (10–

65 minutes), and 6 surgeons and 3 endoscopists performed

the procedures. During the first 30 days, 54 complications

occurred in 41 patients (47%). Most common were peristo-

mal infections treated with either local antibiotics in 11

patients (13%) or systemic antibiotics in 11 other patients

(13%). 9 patients (10%) experienced tube dislodgment.

Late gastrostomy-related complications occurred in 33 pa-

tients (38%). The T-fasteners caused early and late compli-

cations in 9 (10%) and 11 patients (13%), respectively. Of

these, 4 patients (5%) had subcutaneously migrated T-fas-

teners which were removed under general anesthesia.

Conclusion We found a high rate of complications after

PEG-T. In particular, problems with the T-fasteners and

tube dislodgment occurred frequently after PEG-T inser-

tion.
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secure fixation of the stomach to the abdominal wall as an in-
ternal bumper, the stomach must be fixed to the abdominal
wall by sutures or T-fasteners. Another postulated benefit of
the push technique is decreased risk for peristomal infections
because the tube is not exposed to the oral bacterial flora dur-
ing insertion. Although the push technique is associated with a
lower peristomal infection rate than PEG-P in adults [5], a sim-
ilar advantage has not been shown in pediatric patients [6, 7].

Recently, PEG placement with the push technique and T-fas-
tener gastropexy (PEG-T) has been introduced in pediatric pa-
tients [6], and this particular method has gained popularity. So
far, there are only a few studies that have evaluated the PEG-T
technique in pediatric patients [6–8], therefore, we wanted to
report our initial experience with the PEG-T with particular em-
phasis on peri- and postoperative complications.

Materials and methods
Patients

This retrospective, descriptive study includes all patients
<18 years of age who received a PEG-T at Oslo University Hospi-
tal Ullevål between January 2010 and November 2014. PEG-T
was introduced at our center in January 2010 and was the pre-
ferred technique for PEG if no contraindication was found. Pa-
tients receiving PEG-T were identified by an electronic search
for the PEG procedure and cross-checked with data from a writ-
ten surgical logbook.

Technique for PEG-T placement

The MIC-KEY Introducer Kit (Kimberly-Clark Corp, Roswell, GA,
United States) was used in all patients, and the gastrostomy
was placed according to the manufacturer’s procedure as pre-
viously described by Göthberg and Björnsson [6]. The standard
tube was a 14 Fr bolus gastrostomy balloon tube. A low-profile
button was placed initially in some patients according to par-
ents’ wish or if assessed appropriate by the gastroenterologist.
All procedures were performed under general anesthesia as
well as local anesthesia around the stoma channel. Prophylactic
antibiotic (Cefalotin) was given before the procedure. Briefly,

the stomach was distended by insufflation, and a suitable loca-
tion for the gastrostomy tube and surrounding gastropexy
points was identified by transillumination. Gastropexy was per-
formed using 3 T-fasteners with resorbable sutures (Saf-T-Pexy
T-fasteners, Kimberly-Clark Corp). These were placed in a trigo-
nal fashion and fastened with accompanying external suture
locks. A stoma channel for the gastrostomy tube was estab-
lished in the center of the trigone of T-fasteners using a modi-
fied Seldinger technique and a serial 18 Fr dilatator. Lastly, the
14 Fr gastrostomy tube was inserted, and the balloon filled with
sterile water (▶Fig. 1).

Before the introduction of the PEG-T procedure, the tech-
nique was presented to the team by a representative from the
company, and an introduction CD showing the technique was
available for the team.

Postoperative treatment

Enteral liquids were started 6 hours after the procedure, and
tube feeding started on the first postoperative day. Patients
were discharged to their home or to their local hospital as ap-
propriate. The parents or a gastrostomy nurse were instructed
to remove the suture locks 3–4 weeks postoperatively if these
had not already detached spontaneously. The balloon tube was
scheduled to be replaced with a low profile button at our hospi-
tal or at the patient’s local hospital 8 weeks after surgery if a
button was not inserted primarily.

Collection of data

Patient data were collected from electronic medical records.
Demographic data included age, sex, weight, presence of a na-
sogastric tube at admittance, and underlying diagnosis most
likely contributing to the patients’ feeding problems. Neurolo-
gic impairment was defined as a static or progressive, central or
peripheral neurologic condition associated with chronic func-
tional or intellectual impairment [9], including conditions such
as cerebral palsy, quadriplegia, and genetic syndromes. Dura-
tion of the procedure, perioperative complications, and any
concomitant procedure were recorded. Operating time was
not registered in patients undergoing concomitant procedures.

▶ Fig. 1 Technique for placement of a percutaneous endoscopic gastrostomy with T-fastener gastropexy (PEG-T). a Gastropexy is performed
by placing 3 T-fasteners with resorbable sutures in a trigonal fashion. b Using a modified Seldinger technique, serial dilators are used to es-
tablish the stoma channel. c A balloon-retained device is then introduced, and the balloon filled with sterile water. d A low profile button in
place with surrounding external suture locks.
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Postoperative complications were graded according to the
Clavien-Dindo classification for surgical complications [10].
Briefly, grade I complications indicate any deviation from the
normal postoperative course, but without the need for any
pharmacologic treatment. Grade II complications require phar-
macologic treatment with drugs. Grade III complications re-
quire surgical, endoscopic, or radiologic intervention. Interven-
tions not requiring or requiring general anesthesia were deno-
ted as grade IIIa and IIIb, respectively. Grade IV is life-threaten-
ing complications, whereas grade V describes death of a pa-
tient.

Postoperative complications were categorized as early
(≤ 30 days) or late (> 30 days). Early complications included all
types of complications, but non-gastrostomy related complica-
tions (e. g. pneumonia) were excluded if concomitant proce-
dures were performed. Late complications were limited to gas-
trostomy related complications only. Stoma infections were ca-
tegorized as grade I if treated with topical agents or as grade II
if systemic antibiotics were given. Complications specifically
related to the T-fasteners were registered as a separate item
with attention to when and how they were discovered and
when and how they were treated.

Ethical approval

The study has been approved by the hospital’s Commission for
Personal Security.

Statistics

Descriptive statistics were used when presenting the data; fre-
quencies and percentages, median and range [min–max]. Me-
dian operating time in the first and last half of patients was
compared using a Mann-Whitney U test, as data were not nor-
mally distributed. The frequency of early postoperative compli-
cations in various subgroups was compared using the chi-
squared test. All analyses were performed by IBM SPSS software
for Windows version 21.0 (IBM Corp, Armonk, NY, United
States). P values < 0.05 were considered statistically significant.

Results
Patients

A total of 87 patients were identified, of whom 45 (52%) were
female. Median age and weight were 1.9 years (2.9 months –
16.4 years) and 10.4 kg (5.4–33.0 kg), respectively. The most
common underlying diagnosis was neurologic impairment (n =
53, 61%), followed by weight faltering of unknown etiology (n =
13, 15%), malignancy (n=3, 3%), and other diseases (n =18,
21 %). A nasogastric tube was present in 33 patients (38%) at
admittance. The median follow-up time was 2.3 years
(1 month – 4.8 years).

Perioperative data

Three consultant pediatric gastroenterologists and 6 pediatric
surgeons (5 consultants or 1 trainee) performed the PEG-T pro-
cedures during the study period. 6 (7%) patients underwent a
concomitant procedure; central venous catheter insertion (n =
2), tooth extraction (n =1), eye examination (n =1), broncho-

scopy (n =1), and muscle biopsy (n=1). The median duration
of the PEG-T procedure in the remaining 81 patients was
28 minutes (10–65 minutes). In the first 40 patients, the medi-
an operating time was 28 minutes compared to 27 minutes in
the last 41 patients (P=0.26).

In 7 patients, 1 or more of the T-fasteners detached or was
placed at an unsuitable location and these were therefore re-
placed by a new T-fastener during the PEG procedure. There
were no other perioperative complications.

Early postoperative complications

A total of 54 early postoperative complications were recorded
in 41 (47%) patients (▶Table 1) of which the majority were
grade I and II complications. Of these, 45 were gastrostomy
related. Of the patients with an early stoma infection treated
with topical agents (grade I) or systemic antibiotics (grade II),
5 and 3 patients, respectively, also had an infection around the
external suture locks. Of the 6 patients (7%) with early grade

▶ Table 1 Early postoperative complications in pediatric patients un-
dergoing insertion of a percutaneous endoscopic gastrostomy with T-
fastener gastropexy.

Early complications

(n=54)

Grade I 27

▪ Stoma infection 11

▪ Tube dislodgment1 4

▪ Granulation tissue 3

▪ Minor bleeding 3

▪ Leakage 1

▪ Aspiration pneumonia 1

▪ Detached external suture lock 1

▪ Others2 3

Grade II 21

▪ Stoma infection 11

▪ Pneumonia 4

▪ Serious feeding difficulties 2

▪ Tube dislodgment3 1

▪ Pain from external suture lock 1

▪ Others2 2

Grade IIIb 6

▪ Tube dislodgment 4

▪ Leakage 1

▪ Stoma infection 1

1 Bedside reintroduction of the tube.
2 Others include for grade I: pneumoperitoneum (n=1), gastroenteritis
(n=1), urinary retention (n=1), and for grade II: fungal infection around a
central venous catheter (n=1), laryngitis (n =1).

3 Tube reinserted under Midazolam anesthesia.
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IIIb complications, 4 underwent a laparotomy and 2 an endo-
scopic procedure (▶Table 2). The 9 tube dislodgments occurr-
ed at a median of 5 days (0–28 days) postoperatively. 5 pa-
tients had a new gastrostomy tube inserted bedside. In 3 pa-
tients, bedside reinsertion was not possible; of these, 2 had a
new 1 inserted endoscopically while one had a laparotomy due
to inadequate transillumination during the initial procedure.
Lastly, 1 patient had a laparotomy due to clinical signs of perito-
nitis. In all, the T-fasteners appeared to be in place, without ob-
vious signs of migration. The balloon was noted to have defla-
ted in 2 of the 9 patients.

1 or more early complications occurred in 48% of the infants
and in 49% of those older than 1 year (P=0.95). In patients
weighing less than 10 kg, 50% had early complications, com-
pared to 47% of those weighing more than 10 kg (P=0.77).
When comparing patients with and without neurologic impair-
ment, 49% and 47% experienced early complications, respec-
tively (P=0.86).

When comparing the first half of the patients with the last
half, no difference was found concerning the frequency of early
postoperative complications (44% vs. 52%, P=0.45). With re-
gard to grade IIIb complications, 3 occurred in the first half of
patients, and the remaining 3 in the last half.

Long-term results

After the first 30 postoperative days, 55 gastrostomy-related
complications were recorded in 33 (38%) patients. 35 grade I
complications were noted and included granulation tissue (n =
17), stoma infection (n =12), and migrated T-fasteners (n =6).
Grade II complications were stoma infection (n =12) and migra-
ted T-fasteners (n =2). Lastly, 8 grade IIIb complications were
recorded: migrated T-fasteners (n=5), tube dislodgment (n =
2), and stricture of the stoma channel necessitating revision (n
=1).

Records of change of the initial gastrostomy tube to a low-
profile button were found in 43 patients (49%). In 39 patients,
the initial tube was changed to a low-profile button as planned
after about 2 months. Due to leakage, 4 patients had the tube
changed earlier than planned. In 42 of the 43 patients (98%),
the change was done without the need for sedation or general

anesthesia. In 1 patient, a short general anesthesia was neces-
sary.

T-fastener related complications

Early and late T-fastener related complications occurred in 9
(11%) and 11 patients (13%), respectively (▶Table3). All late
T-fastener complications seemed related to suspected migra-
tion of the T-fasteners into the stomach or abdominal wall.
The late T-fastener complications were diagnosed at a median
time of 2 months (4 weeks–17 months) postoperatively. In
the 10 patients requiring intervention, this was performed at a
median time of 4.5 months (1.3 months–3.5 years) after PEG-T
insertion. Pain related to migrated T-fasteners necessitated re-
moval in 7 patients: 4 under general anesthesia and 3 without.
Furthermore, 1 patient underwent endoscopy under general
anesthesia because the remaining T-fasteners in the stomach
wall were suspected of causing pain. However, no T-fasteners
were found during the procedure. In 1 patient, pain related to
migrated T-fasteners disappeared spontaneously. Lastly, mi-
grated T-fasteners were discovered accidentally in 2 patients,
but no procedures were performed because these children
were asymptomatic.

Discussion
The main and surprising findings from this study are that many
patients experienced dislodgment of the balloon tube within
the first month and that the T-fasteners of the PEG-T system
caused considerable problems. Although the use of T-fasteners
is becoming increasingly popular in pediatric patients needing a
gastrostomy, very few studies have addressed problems with T-
fasteners in this population. In 1 retrospective study of 92 pe-
diatric patients undergoing laparoscopic assisted PEG-T, only 3
patients (3%) experienced problems with the T-fasteners; 1
needed an endoscopic evaluation, and 2 had migrated T-fas-
teners removed under local anesthesia [8]. In contrast, 2 other
studies including 201 [6] and 186 [7] children reported no T-
fastener related complications. In adults, T-fasteners are often
used, especially during insertion of a gastrostomy under radi-
ologic surveillance. None of the 71 adult patients included in a

▶ Table 2 Early postoperative complications following insertion of a percutaneous endoscopic gastrostomy with T-fasteners (PEG-T) needing treat-
ment under general anesthesia (grade IIIb complications).

Patient

number

Clinical findings Treatment

modality

Time to

reoperation

Intraoperative findings

1 Tube dislodgment, clinical sign of peritonitis Laparotomy 4 days No peritoneal leakage, no organ injury

2 Tube dislodgment Laparotomy1 1 day No injury

3 Infection, pneumoperitoneum Laparotomy 7 days No organ injury, wide stoma channel

4 Feces-like leakage from stoma channel Laparotomy 2 days No organ injury, wide stoma channel

5 Tube dislodgment Endoscopy Same day T-fasteners in place

6 Tube dislodgment Endoscopy Same day T-fasteners in place

1 Laparotomy was performed because transillumination was suboptimal during the initial PEG-T insertion.
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retrospective study experienced problems with the T-fasteners
[11]. In contrast, a prospective study of 48 adults reported
complications attributed to T-fasteners, either pain or skin
related problems, in 11 patients (23%) [12].

It is largely unknown why and when some T-fasteners mi-
grate through the stomach and abdominal wall and cause prob-
lems. Too tight locking of the sutures is considered to be a risk
factor. Furthermore, it is possible that children are more prone
to experience T-fastener migration than adults because they
have thinner tissue layers. Apparently, the migration occurs
early after PEG insertion. CT imaging in adult patients per-
formed less than 4 weeks postoperatively, showed that 36% of
T-fasteners had migrated into the anterior abdominal wall [11].
It is assumed that the T-fasteners may migrate into the abdom-
inal wall during the initial procedure, especially during tract di-
latation. Lastly, how soon the T-fastener sutures are cut after
PEG insertion, may also influence the tendency for T-fastener
migration.

In studies investigating gastropexy with T-fasteners, the su-
tures are cut between 5 days and 3–4 weeks postoperatively.
Livingston et al. changed from cutting the T-fastener sutures
3–4 weeks postoperatively to 5 days after PEG insertion. After
this change of practice, they did not report any T-fastener relat-
ed complications [8]. Göthberg and Björnsson cut all sutures
after 2–3 weeks, and they have not experienced any T-fastener
related complications [6]. In our patients, the sutures were sup-
posed to be cut 3–4 weeks postoperatively if not already de-
tached. Unfortunately, data on when the sutures were actually
cut were incompletely reported in the medical records. We also
learned that some caregivers did not understand that the su-
tures were meant to be cut after 3–4 weeks. For instance, in 1
patient later needing surgical removal of a subcutaneous T-fas-
tener, the external sutures were noted to be in place 5 weeks
postoperatively. It is possible that the high complication rate
related to T-fasteners in the present study may be partly ex-
plained by late removal of T-fastener sutures, but we cannot

be sure about this since there are insufficient data on suture re-
moval.

Early tube dislodgment is a feared complication after PEG in-
sertion because the gastrocutaneous tract takes time to ma-
ture. Among our patients, 10% experienced early dislodgment.
Compared to other reported series of PEG-P, this is a high num-
ber [13, 14]. In 2 series of PEG-T [6, 7], there was no report of
any early dislodgment, while Livingston et al. reported this in 2
of 92 patients [8]. We have no apparent explanation for the
high frequency of early dislodgment. To be able to insert a bal-
loon gastrostomy tube, a wider opening in the abdominal wall is
needed compared to PEG-P. This may increase the risk for tube
dislodgment in the early postoperative period. Other possible
explanations for early dislodgment are balloon malfunction,
traction by the patient, balloon damage by the T-fasteners,
and caregiver error (insertion of fluids in the balloon). One
could also speculate that early T-fastener migration or removal
may influence the tendency for dislodgment. In the patients
who experienced early tube dislodgment in the present series,
the T-fasteners appeared to be in place in all.

A major advantage of PEG-T is easy removal without the
need for sedation or general anesthesia. This compares well
with our experiences where 98% of the patients had their PEG-
T removed in the outpatient clinic with no need for sedation or
anesthesia. Another proposed benefit of T-fastener gastropexy
is the fixation between the stomach and anterior abdominal
wall making bedside reinsertion safe in case of early tube dis-
lodgment. In our study, bedside reinsertion was possible in 5
of 9 patients, showing that T-fastener gastropexy cannot guar-
antee that a new gastrostomy tube may be inserted bedside.

Peristomal infections were common in our series and occurr-
ed in 25% of patients during the first 30 days after surgery. A
lower infection rate after PEG-T insertion has been reported in
2 other pediatric series [6, 7]. Different classifications and defi-
nitions of peristomal infections may explain these differing re-
sults. In line with previous studies on peristomal infections after

▶ Table 3 Early and late complications specifically related to T-fasteners in pediatric patients undergoing insertion of a percutaneous endoscopic gas-
trostomy with T-fasteners.

Early T-fastener complications (n=10) Late T-fastener complications (n=13)

Grade I 6 6

▪ Infection at site of external suture lock 5

▪ Detached external suture lock 1

▪ Migrated T-fastener causing pain 4

▪ Migrated T-fastener without pain 2

Grade II 4 2

▪ Infection at site of external suture lock 3

▪ Pain from external suture lock 1

▪ Infection at site of migrated T-fastener 2

Grade IIIb 0 5

▪ Migrated T-fastener causing pain 5
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PEG-T, the design of this study makes it impossible to support a
hypothesis of a lower peristomal infection rate after PEG-T
compared to PEG-P. A randomized controlled study would best
investigate this.

In addition to peristomal infections, hypergranulation is a
common complication after PEG. Fortunately, this tends to be-
come less of a problem with time. In a series from Sweden in-
cluding 201 pediatric patients, hypergranulation was reported
in 23% of patients 6 months after PEG-T insertion [6]. Interest-
ingly, in the same series, hypergranulation was experienced by
only 5% in the PEG-P group. In a small series of 10 Korean pedia-
tric patients getting PEG-T, 50% developed granulation tissue
[15]. In our series, hypergranulation was only reported in 4%
of the patients. Since our data are based on a retrospective
chart review, it is likely that the frequency of hypergranulation
is underestimated. It has been hypothesized that the wide and
deeper abdominal wall incision required to insert the balloon
gastrostomy, may explain a higher frequency of hypergranula-
tion after PEG-T.

Complications necessitating intervention under general an-
esthesia (grade IIIb complications) occurred in 7% of the pa-
tients in the present series. Among 92 pediatric patients get-
ting a laparoscopy assisted PEG-T, grade IIIb complications
were reported in 4% [7]. Fewer grade IIIb complications were
found in a series of 201 PEG-T insertions, where only 2 children
(1%) experienced grade IIIb complications [6]. In the present
study, 2 patients were suspected of having intraabdominal or-
gan injury because of pneumoperitoneum and/or feces-looking
secretion from the gastrostomy site together with impaired
general condition. No damage was found during laparotomy;
however, a large gastrostomy channel was noted in both pa-
tients. Pneumoperitoneum can be a normal finding after PEG
insertion, but when found in a patient with signs of possible or-
gan injury, such as fever or signs of peritonitis, further investi-
gations are indicated [16]. Interestingly, in the series from Ja-
cob et al., 7% of the patients were reported to have pneumo-
peritoneum [7]. In these patients, pneumoperitoneum did not
warrant further surgery, but it is reasonable to assume that the
patients in Jacob’s series had some clinical symptoms since ab-
dominal X-rays were taken.

When introducing a new technique, a learning curve with re-
gard to operating time and complications is likely to occur. At
our center, the mean duration of insertion of a PEG-T was
28 minutes, which is in line with previous literature. In the large
Swedish series of 201 patients getting PEG-T, median time for
PEG-T placement was 20 minutes [6]. We did not see a decrease
in operating time or in the frequency of patients experiencing
early complications in our study as reported in other series [7,
8], but this may partly be explained by the relatively high num-
ber of physicians involved. Jacob et al. found the PEG-T proce-
dure to be technically challenging, and they experienced a sig-
nificant learning curve with regard to both complications and
operating time [7]. In line with this, Livingston et al. found
that all postoperative complications with laparoscopy assisted
PEG-T insertion occurred within the first 50 cases and within
the first 40 cases for each surgeon [8]. These findings support

keeping the number of physicians involved with the procedure
to a minimum.

Limitations of this study include the retrospective nature of
data collection. Thus, it is likely that some complications are
missed since patients may seek help at their general practition-
er or local hospital. It would also have strengthened the study
and interpretation of results if we had compared PEG-P and
PEG-T in the same institution. However, this was not possible
since PEG-T was the preferred technique. Strengths include the
use of a validated scoring system for complications, including
all complications, not only those obviously related to the gas-
trostomy. The use of the Clavien-Dindo system makes it easier
to compare results and avoids subjective terms such as minor
and major complications. The Clavien-Dindo classification has
been used in trials in adults for a long time and is also increas-
ingly used in pediatric studies [17]. Since none of the previous
studies on PEG-T have used a predefined and validated compli-
cation classification system, it is difficult to compare results be-
tween studies.

To conclude, our study on initial experience with the PEG-T
technique shows that the T-fasteners caused considerable
short- and long-term complications, and the rate of early tube
dislodgment was high. We did not see a lower rate of peristo-
mal infections, but our hypothesis that PEG-T facilitates easy re-
moval of the gastrostomy tube was confirmed. After reviewing
these results, we have changed routines so that only 1 team of
1 pediatric surgeon and 2 pediatric endoscopists, inserts the
PEG-Ts. Furthermore, there is particular focus on not making
the sutures too tight and to avoid traction while dilating the
gastrostomy channel. Lastly, all patients are scheduled for re-
moval of the sutures and evaluation of postoperative results
2 weeks postoperatively. Hopefully, this change of practice will
reduce the complication rate. Based on our experience with in-
troduction of PEG-T, we recommend that this procedure is per-
formed by a small team until sufficient experience with the
method is gained at each center.
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