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Abstract
Objectives

Open primary balloon gastrostomy (PBG) presents an potentialalternative to percutaneous
endoscopic gastrostomy (PEG) in children as it obviates the need for change under general
anaesthetic (GA), however the complication profile of PBGcompared to PEG is not well defined.
Previous series comparing the two have been hampered by the two groups not being equivalent.
Our paediatric surgical centre has offeredPBG as an alternative PEG since 2014. We used a

matched case-control study to compare outcomes forPBG and PEG.
Methods

Patients undergoing PBG were used as “cases’and matched 1:3 by age and diagnosis to patients
undergoing PEG, demographics and clinical data as “controls”. Primary outcome was rate of
complications classified according to Clavien-Dindo(I-V). Secondary outcomes included time to
feed and length of stay. Non-parametric, categorical analyses and multivariate logistic regression

were performed. Data here presented as median [IQR].
Results

We included 140 patients (35 PBG:105 PEG). The two groups were comparable for gender,
weight at surgery and follow-up duration. Median operative time was longer for PBG (43min
[IQR 36.5-61.5] vs. 27.5min [18.25-47.75], p<0.001). Multivariate analysis demonstrated a
statistically significant, higher incidence of symptomatic granulation tissue was more common in
PBG (10(29%) vs 6(6%), p=0.0008), this remained significant on multivariate analysis (OR
7.56[2.33-23.5], p=0.001), nil other complication remained significant nor was overall

complication rate statistically different.
Conclusions

PBG and PEG have similar overall complication rates, however PBG appears to have a higher
incidence of granulation tissue. This observation must be weighed against the need for further

GA which is not insignificant in medically complex children.
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What is known?

Gastrostomy insertion is a common procedure with high rate (up to 45%) of
complications.

Open Primary Balloon Gastrostomy insertion offers the potential to limit treatment to a
single general anaesthetic episode.

Previous articles comparing complications between insertion techniques are limited by

significant differences between patient groups.

What is new?

Percutaneous Endoscopic Gastrostomy and Open Primary Balloon Gastrostomy both
have an acceptable safety profile (overall complication rate of 33%)

Open Primary Balloon Gastrostomy has a significantlyhigher(up toseven-fold increase)
rate of symptomatic granulation tissue formation compared to Percutaneous Endoscopic
Gastrostomy

Serious complications may be more common in Open Primary Balloon Gastrostomy(9%

in our series, although not statistically significant)

An infographic is available for this article at: http://links.lww.com/MPG/B902
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Introduction

Gastrostomy insertion is a commonsurgical procedure,carried out in children across the world.
Historically, laparotomy and insertion of a tube using a Stamm technique (or similar) has been
performed. More recently, less invasive methods using endoscopy (chiefly percutaneous
endoscopic gastrostomy (PEG) utilising a flanged tube), have come to the fore, with the PEG
initially described by fellow paediatric surgeons Gauderer, Ponsky and Izant in 1980, Latterly,
fluoroscopy has been employed, opening the field to the domain of interventional radiology
(radiologically inserted gastrostomy — RIG).The safety and efficacy of the PEG technique is now
well established and addition of laparoscopic to endoscopic visualisation seems to further
improve the results @ However, many children undergoing PEG and RIG procedures will
undergo a further procedure under general anaesthetic (GA) to retrieve the flange whenthe tube
is first changed. Commonly gastrostomy tubes will be changed in time to a balloon device which
will not require further GAs to change. Balloon gastrostomiesmay also be inserted primarily
which obviates the need for subsequent anaesthetic, however it requires a larger opening to be
made in the stomach wall, subsequently closed around the tube. This differs to the pull-technique
used in PEG where the gastric opening matches the size of the tube. This is done with a ‘push’
technique; either via a mini-laparotomy, laparoscopically where the stomach is grasped and
brought to the abdominal wallfor the device to be inserted (8 or by an endoscopic approach

(s 8), or T-fastener®

using devices such as the Cope needle . These techniques are not necessarily
equivalent, as the extent of fixation of the stomach to the abdominal wall may vary, which in

turn may affect the risk of complication i.e. displacement of the tube.

Complications from gastrostomy insertion are relatively common, with rates reported as high as
45% for minor complications and 5% for major complications"” 'V, Granulation tissue, bleeding
and infection represent the majority of minor complications. Major complications (those
necessitating operative intervention) include tube dislodgement (which can lead to peritonitis)
and buried bumper syndrome — which occurs significantly more often with the solid flange of
PEG tubes''?. Leakage around the gastrostomy tube is common, but generally inconsequential;
however there are instances where severe leakage may lead to marked skin excoriation,

necessitating jejunal feeding or potentially a period of parenteral nutrition.
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Gastrostomy may be required in children in whom oral feeding is dangerous (e.g. aspiration risk
due to neuromuscular disorder or airway malformation), insufficient (e.g. metabolic disorder or
feed aversion) or even impossible (e.g. oesophageal atresia). Clearly therefore the cohort of
children undergoing gastrostomy insertion are diverse in terms of their underlying conditions.
This diversity in patient groups has meant that studies into the most suitable technique for
gastrostomy insertion have been limited, and Singh and colleagues have addressed this with the
only randomised trial in children to date compared PEG with RIG at a single tertiary
centre"” . The largest paediatric retrospective series from Miyata and colleagues have
demonstrated similar complication rates between PEG and PBG insertion'* but, in common

with other comparative reports,studied unmatched patient groups.

Our tertiary centre routinely offersboth PEG andopen primary balloon gastrostomy. This study
aimed to compare and contrast the outcomes of the two approachesusing a matched case-control

study methodology to generate comparable patient groups.

Methods

Study Design

This study was performed as an audit of clinical practice and institutional ethical approval was
given (Local Study ID 10019). The study was conducted in a tertiary paediatric surgical centre
and patients younger than 18 years of age were included. All open primary balloon gastrostomy
(PBG) inserted from the introduction of the procedure to the time of the study (April 2015 —
November 2019) were included. Patients receiving PBG,did so according to surgeon and family
preference. These patients were considered “cases” and were matched 1:3 by age and primary
diagnosis with PEG insertions from the same department over the same time period (“controls”).
Primary diagnosis was determined by the specialist team referring for the gastrostomy:
Neurodisability — patients had uncoordinated swallow due to an underlying neurological
condition and needed tube-assisted feeding. Metabolic — children needed gastric access for
overnight feeding or rescue medication. Anatomical risk — referred due to aspiration risk in a
child with anatomical airway anomaly (e.g. laryngeal cleft or pharyngeal malformation).

Behavioural — referred due to feeding issues secondary to behavioural issues e.g. severe autism.
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Controls were selected to match diagnostic category and age and were assessed for similarity of
body weight and BMI.We excluded any PBG procedures performed for patients with long-gap
oesophageal atresia as no matched controls were available. Selection of controls was blind to
their outcomes and was performed by researchers (DRL and DS) not involved in the clinical care
of patients. Primary outcome was incidence of major complications (>Grade III, defined
according to Clavien-Dindo classification''”), secondary outcomes were operative time, time to
full feeds, incidence of minor complications (Grade I+II), and need for further planned

procedures (i.e. tube change).

Operative Technique

PEG is performed by all surgeonsat our institution with additional laparoscopic visualisation via
a Smm camera inserted at the umbilicus. Peritoneal insufflation is reduced and the laparoscopic
light switched off to allow visualisation of the puncture of the stomach by the percutaneous
needle. A 9Fr or 15Fr flanged tube (Freka® PEG Gastric Set EnFIT) is then inserted by the
standard “pull technique” as has been welldescribed in both children and adults'?. Feeding is

commenced at the surgeon’s discretion.

In our centre a single surgeon (MU) performs PBG via a transverse incision (2cm) over the upper
left rectus abdominis. On entering the abdomen, the stomach is identified and stay sutures placed
in the posterior rectus sheath. An appropriately sized button gastrostomy (Mini Balloon Button,
GBUK Enteral Ltd.) is inserted in the centre of a double purse-string of polyglactin (short lived
absorbable) sutures of in the anterior aspect of the junction between the gastric antrum and body.
The stomach is sutured to the posterior rectus sheath with polydioxanone (long lasting
absorbable) sutures and then a layered closured is performed. The device is secured to the skin
with prolene (inert, nonabsorbable suture) sutures for one week post-operatively. Feeding is

routinely commenced on the first post-operative day.

Data Collection

Data on patient demographics, comorbidities, complications, and further procedureswere
collected from the patient clinical record. Surgical time and time under GA was retrieved from

our theatre management system. Time to full feeds and length of stay were rounded to the
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nearest whole day. All patients were followed up by a specialist gastrostomy nurse who

maintained contact with families and kept a prospective log of all post-operative complications.

Complications were scored according to the validated and widely adopted Clavien-Dindo

classification system as follows!'”: T =

deviation from post-operative course, II = initiation of
pharmacological therapy, III = necessitating invasive intervention, IV = requiring ICU
admission, V = Death) by two independent experts, and then re-reviewed following identification
of discrepant cases. Specific incidence of certain complications were noted. Infection was
defined as a case where prescription antibiotics (including topical antibiotics) were administered,
formation of granulation tissue was defined as tissue requiring intervention(either topical
treatment such as silver nitrate or steroids or surgical excision), leak was defined asa leakage of

feed at the site of the gastrostomy, a tube displacement was defined as a tube which had

completely fallen out.

Acknowledging that many children with PEG would need a second procedure under GA in order
to change / remove the device, we noted complications at the initial procedure and cumulative
incidence with subsequent procedures. We excluded insertion of gastrojejunal tubes from
‘further procedures under GA’ as this was regarded a patient-specific requirement rather than a

device specific one and would typically require a GA at our institution.

Statistical Analysis

Statistical analyses were performed using Prism 8 for MacOS (v8.3.0, October 2019, GraphPad
Software LLC) and SPSS 26 (v26.0.0.0, 2019, IBM SPSS Statistics.) Continuous variables are
described with median[IQR] and compared using Mann-Whitney U test. Categorical data are
compared with Fisher’s Exact or Chi-square test. Multivariate analysis was performed to control
for age, weight and diagnosis when exploring the association of outcome measures with
gastrostomy device. Exact p-values for Fisher’s Exact are reported, and to 3 significant figures

down to <0.001 for Mann-Whitney; statistical significance was accepted at p<0.05.

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Results

Patient cohort, operative and admission details

We had complete data on all 35 PBGperformed at our institution over the past 3 years. These
were successfully matched 1:3 with PEG controls by age and diagnosis, with comparable weight
at surgery and duration of follow-up noted (Table 1.) PBG had a longer surgical time (43min
[36.5-61.5] vs. 27.5min [18.25-47.75], p<0.001), a longer time under GA (150min [116.75-
185.75] vs. 123.5min [92.25-154], p=0.02)and a longer time to reaching full feeds(1day [0-1] vs.
0 days [0-1], p=0.004); however there was no statistically significant difference in length of stay
(2 days [1-4] vs. 1 day [1-3], p=0.079).

Post-operative Complications

Inter-observer concordance for grading of complications was 88%, with perfect consensus on a
second review of cases.Overall complication rate was 33%(Table 2), with complications reported
in 16 PBG (46%) and 30 PEG insertions (29%), which increased to 34(32%) when tube changes
were included. Chi-square test for trend between the two techniques showed no statistical
difference (c*=5.4, p=0.23). Specific complications of infection, formation of granulation tissue,
leak and tube dislodgement are noted in Table 3. Major surgical complications were noted in 5
patients. 2/35 (6%)PBG patients needed to return to theatre, at 2 and 14 days respectively, for
dislodged devices on the ward. Both these patients developed peritonitis and required a
laparotomy and reinsertion of the balloon gastrostomy, one of them was admitted to intensive
care following the emergency surgery. 1 patient with PEG had to return to theatre from recovery
for port site bleeding, a further patient with PEG required a mini-laparotomy for buried bumper
56 months after the initial insertion having been lost to follow up. The remaining Grade 3
complication was a PBG patient experiencing severe wound breakdown and requiring GA to

obtainintravenous access.

Perceiving the complication rate of PBG to be higher than expected, we performed post-hoc
analysis to examine the effect of a learning curve effect on complications. We compared the
initial 15 cases to the subsequent 20 cases. The overall complication rate was significantly lower
in the later group (66% vs 25%, p<0.05) as was the formation of granulation tissue (47% vs.

15%, p<0.05). Leakage (20% vs 5%, p=NS) and site infection (33% vs 10%, p=NS) were also
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both less frequent but not statistically significantly so. Major complications were reported in both

groups (7% vs 10%) and both dislodged tubes occurred in the most recent 10 cases.

Further procedures

7 patients with PEG and 2 with PBG had conversion of their gastrostomy to a gastrojejunal
feeding tube. Of the remaining 98 PEG patients, 44(45%) had a change of gastrostomy tube
(PEG-PEG or PEG-BG) under GA at a median 12 months [7-23] post-primary procedure.
Median operative time for these procedures was 13 minutes [7.5-20.5], GA time was 88 minutes
[70-117.5]. There were two grade I and four grade II complications from changes of device (2
infection, 4 granuloma).Two patients’ PEG tubes were changed to gastrostomy buttons using an

awake “cut-and-push” technique!'”. There were no anaesthetic complications in any patient.

Multivariate analysis

Multivariate binary logistic regression were performed to assess the independent influence of
gastrostomy type on complications (overall and >Grade III) as well as specific incidence of
granulation tissue, site infection and leakage from the gastrostomy.Other variables in the model
were age, gender, weight, diagnosisand duration of follow-up. There were no significant effect of
any of these variables on multivariate analysis for complications overall nor specific incidence of
granulation, infection, leak or Grade III-V complication. Effect direction and associated
confidence intervalsare demonstrated in Figure 1. Symptomatic granulation tissue requiring
treatment was more common in patients with PBG (OR 7.56[2.33-23.5], p=0.001). Any
complication (OR 2.17[0.97-4.83], p=0.059) and Grade III-V complication (OR 5.02[0.73-34.4],

p=0.10) were not statistically different between gastrostomy types.

Discussion

This case control study explores the surgical outcomes from primary balloon gastrostomy and
PEG, controlling for the differences in patient demographics commonly observed in
retrospective cohort studies. The complication rate in the cohort was 33%(46/140)for minor and
4%(5/140) for major complications, which aligns with published literature'™ ' Within our cohort

the complication rate was higher for primary PBG compared to PEG and although some results
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did not attain statistical significance due to wide confidence intervals, these may yet be clinically
significant and important to consider. The development of symptomatic granulation tissue at the
gastrostomy site was significantly higher in PBG, perhaps due to the need for a formal
gastrotomy or increased movement of the gastrostomy device post-operatively.We report two
cases with dislodged balloon devices, both were related to balloon deflation and subsequent tube
dislodgement; this may not be a surgical complication but should be acknowledged as an
inherent risk of the insertion of a balloon device into a newly formed gastrostomy and has been
described as a risk unique to PBG!'Y, although the rate has been reported considerably higher in
other series where an endoscopic approach is used for insertion!”. We hypothesise that the open
approach may result in a more secure fixation of the device by anchoring the stomach to the
abdominal wall. There were no cases of gastrocolic fistula, which can be attributed to direct
visualisation of the puncture site of the stomach — either by laparoscopy in the PEG group or
through the open technique used for balloon device insertion — this is not an insignificant result

since the incidence of gastrocolic fistula in paediatric PEG insertion can be as high as 4%9),

There are clearly risks associated with both surgical approaches described here, however the risk
of general anaesthetic is not something which has been readily acknowledged in many surgical
studies. Furthermore, there is ongoing uncertainty of the long-term effects of general anaesthetic
agents in young children on neurodevelopmental outcome®, this continues to merit
consideration as studies such as the GAS Randomised Control Trial had stringent inclusion
criteria that do not reflect the patient population in question here®". A single GA episode may be
attractive in children with metabolic disorders in whom supervised fasting isrequired (such as
9% of our patient cohort), in patients for whom GA is hazardous, for example those with
complex congenital cardiac disease, or in the considerable number of children who may have
challenges coping with hospital admissions due to anxiety*”. Therefore all of these patient

groups could be considered for primary balloon device insertion and are offered PBG at our

centre.

Many previous studies, including those referenced here, have been unable to control for patient
variables when assessing complication rates in retrospective studies of different gastrostomy

(14, 19, 23-27)

devices and tube insertion techniques . By using a matched case-control study

methodology we have been able to control for some of this variability and create comparable
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patient groups.However, our study was limited by a lack of randomisation and the possibility of
inherent differences between the two groups that are unmeasured. A single surgeon carried out
all PBG procedures creates the possibility of surgical technique or aptitude affecting the results.
It is unclear if the primary diagnosis leading to gastrostomy insertion affects the complications
rate, it is possible that either PEG orPBG may be preferred in certain conditions. Finally, our
length of follow up is finite and so we can only report early and medium-term complications;
while the majority of complications are self-evident within the time period studied, it may be that
there are significant differences in rates of complications emerging later. Further larger, longer
and preferably multicentre, studies are required to explore these issues to better define the utility

of the two conceptsand also to investigate the optimum method of insertion.

Our studyconfirms that complication rates of PBG are acceptable when compared to PEG and
the avoidance of further GAmeans this continues to be the insertion technique of choice for those
patients at particularly high risk when undergoing further procedures under GA. As such we

continue to consider both procedures for patients needing gastrostomy at our centre.
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Figure Legends
Odds Ratio [95% CI], p-value
Any Complication E—'—| 2.17 [0.97-4.83] 0.059
Granulation o 7.56 [2.33-23.5] 0.001
Infection |—-—o—| 2.32 [0.80-6.76] 0.122
Leak l—-o—| 1.24 [0.35-4.41] 0.743
Grade IlI-V Complication I ® | 5.02 [0.73-34 4] 0.100
1 : 1 1
0.1 1 10 100
Favours PBG Favours PEG

Figure 1Multivariateanalysis comparing the effects of PBG/PEG on different outcomes (model

controlled for age, weight, gender, diagnosis and duration of follow-up)
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Table 1 Study Group Demographics, Admission and Operative Details (median [IQR]), Mann-

Whitney U Test performed.
Primary Button Laparoscopic PEG p, M-WU
(n=35) (n=105)
Age (months) 17 [10-36] 19 [12-31.5] -
Sex (Female/Male) 13/22 50/55 0.33
Weight (kg) 9.12 [7.7-13.9] 10.14 [7.29-13.75] 0.998
Diagnosis
Neurodisability 13 (37%) 39 (37%) -
Metabolic 3 (9%) 9 (9%) -
Anatomical risk 15 (43%) 45 (43%) -
Behavioural 4 (11%) 12 (11%) -
Operative +  Admission
Details
Surgical Time (min) 43 [36.5-61.5] 27.5 [18.5-47.75] <0.001
Time under GA (min) 150 [116.75- 123.5[92.25-154] 0.02
185.75]
Time to full feeds (days) 1 [0-2] 0[0-1] 0.004
Length of Stay (days) 2 [1-4] 1[1-3] 0.079
Time of follow up (months) 16 [7-20] 11.5 (6-27) 0.73
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Table 2. Surgical Complications by Grade — each patient represented once, by highest grade of
complication. (Clavien-Dindo: I = deviation from post-operative course, I = initiation of
pharmacological therapy, III = necessitating invasive intervention, IV = requiring ICU
admission, V = Death), Fisher’s Exact performed, NS = non-significant. Chi-square test for trend

between PBG and PEG

Primary Laparoscopic PEG (n=105) Overall Chi-
Button Insertion All (n=140) square for
(n=35) Procedures trend

No Complication 19 (54%) 75 (71%) 71 (68%) 90 (64%)

C-DI 5 (14%) 11 (10%) 11 (10%) 16 (11%)

C-D1I 9 (26%) 18 (17%) 22 (21%) 31 (22%) p=0.23

C-D1III 2 (6%) 2 (2%) 2 (2%) 2 (1%)

C-D1V 1 (3%) - - 1 (1%)

C-DV - - -

Table 3. Rates of site infection, granulation tissue, tube leaking and displacement for primary
gastrostomy insertion (possible more than one in same patient). Fisher’s Exact performed, NS =

non-significant

Specific Complications of Primary Surgery
Primary Button (n=35)  Laparoscopic PEG Fisher’s Exact, p
(n=105)
Infection 7 (20%) 10 (10%) 0.130
Granulation tissue 10 (29%) 6 (6%) 0.0008
Leak 4 (11%) 10 (10%) 1
Dislodged 2 (6%) 0 0.061
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