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EndoFLIP assessment of pyloric sphincter in children:
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Background: Gastrointestinal complaints are common in children with neurodisabilities, vomiting,
retching and poor feed tolerance are frequently reported. Endolumenal functional lumen imaging probe
(EndoFLIP) is used to assess compliance and distensibility of the pylorus and can predict response to
Botulinum Toxin in adult with gastroparesis. We aimed to review pyloric muscle measurements using
EndoFLIP in children with neuromuscular disabilities and significant foregut symptoms and to assess the
clinical response to intrapyloric Botulinum Toxin.

Methods: Retrospective review of clinical notes of all children who underwent pyloric EndoFLIP
assessment in Evelina London Children’s Hospital from March 2019 to January 2022. EndoFLIP catheter
was inserted at the time of endoscopy via existing gastrostomy tract.

Results: A total of 335 measurement from 12 children were obtained, mean age 10.7£4.2 years.
Measurements (pre and post Botox) were obtained with 20, 30 and 40 mL balloon volume. Diameter (6.5, 6.6),
(7.8, 9.4) and (10.1, 11.2), compliance (92.3, 147.9), (89.7, 142.9) and (77, 85.4) mm’/mmTg, distensibility (2.6,
3.8), (2.7, 4.4) and (2.1, 3) mm’/mmHg and balloon pressure was (13.6, 9.6), (20.9, 16.2) and (42.3, 35) mmHg.
Eleven children reported clinical symptom improvement after Botulinum Toxin injection. Balloon pressure
was positively correlated to diameter (r=0.63, P<0.001).

Conclusions: Children with neurodisabilities who present with symptoms suggestive of poor gastric
emptying do have a low pyloric distensibility and poor compliance. EndoFLIP via existing gastrostomy tract
is quick and easy to perform. Intrapyloric Botulinum Toxin appears to be safe and effective in this cohort of

children leading to clinical and measurements improvement.
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Introduction cent of children with cerebral palsy have clinically significant
Children with neurological disabilities often have multiple GI complications (1). Due to the inherent difficulties with
associated gastrointestinal (GI) problems which can affect communication, gastrointestinal symptomatology in these
their nutritional status and quality of life. Ninety two per children can manifest as early satiety, recurrent vomiting,
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retching, distress with feeds and prolonged feeding times (2).
The sequelae of these problems does not only compromise
nutritional status, but can also cause significant distress to
the affected children and their carers (3). Similar symptoms
are often reported in patients with delayed gastric emptying
and gastroparesis (4).

The pylorus is known to play a salient role in drainage of
gastric content into the duodenum and pyloric dysfunction
can contribute to the pathophysiology of delayed gastric
emptying (5). The incidence of pylorospasm was reported
to be higher in diabetic gastroparesis patients compared
to healthy volunteers and abnormal pylorus compliance
was associated with severe clinical symptoms and altered
quality of life (6-8). In the absence of a single effective
strategy to manage symptoms secondary to delayed gastric
emptying, the consensus is to try improve symptoms and
to identify the group of patient who may benefit from
targeted therapy (9). Botulinum Toxin is extensively used
to treat spasticity in children with neurodisabilities and
in a range of gastrointestinal conditions associated with
abnormal sphincter tone (10-12). It is not recommended
for the routine treatment of all patients with gastroparesis
but is increasingly reported to be effective in patients with
abnormal pyloric motility and compliance (7,13,14).

EndoFLIP® (endolumenal functional lumen imaging
probe) uses impedance planimetry to characterise the
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geometry of the measurement area and is able to measure
lumenal distensibility, compliance and cross sectional area
(CSA) (15). It consists of 16 sensors inside a distensible
balloon that can be filled to characterise sphincters
diameter and CSA (15). It is often used to map lower
oesophageal sphincter (LOS) distensibility in achalasia,
to guide gastroesophageal reflux disease (GORD) surgery
and to assess oesophageal compliance in eosinophilic
oesophagitis (16-18). In achalasia, the LOS distensibility,
rather than pressure appears to correlate well with
oesophageal emptying and predict response to pneumatic
dilatation (19,20). EndoFLIP is also increasingly used
to assess the pyloric muscle to identify patients with low
pyloric distensibility and poor compliance who will benefit
from direct intervention to the pylorus (dilatation and/or
intrapyloric Botulinum Toxin) (5,7,8).

We report our experience in using EndoFLIP via existing
gastrostomy tracts to assess the pyloric muscles in children
with neuromuscular disabilities and the response to targeted
intrapyloric Botulinum Toxin injections. To the best of
our knowledge, this is the first report in paediatric use of
EndoFLIP to obtain pylorus measurement and to guide
therapy. We present the following article in accordance with
the STROBE reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-22-58/rc).

Methods

The study was registered in our hospital’s clinical
governance database as a review of clinical practice, in line
with Declaration of Helsinki (as revised in 2013) and a full
ethical review was not required (No. 10902).

Retrospective data collection of all children who had
pylorus EndoFLIP assessment at Evelina London Children’s
Hospital in London, United Kingdom between March 2019
and January 2022.

All included children have neuromuscular disabilities
(apart from one child), are fed via gastrostomy tubes and
had significant foregut symptoms including retching,
vomiting, inability to tolerate large bolus feeds and/or
discomfort while feeding. None of the included children
had anatomical or structural abnormalities to explain their
symptoms, they had normal stomach, duodenum biopsies
and their symptoms did not respond to optimum acid
suppression therapy, prokinetic use or feed manipulation.
Demographic data, underlying medical conditions,
gastrointestinal complaints and response to treatment were
collected from medical records.

Transl Gastroenterol Hepatol 2023;8:17 | https://dx.doi.org/10.21037/tgh-22-58


https://tgh.amegroups.com/article/view/10.21037/tgh-22-58/rc
https://tgh.amegroups.com/article/view/10.21037/tgh-22-58/rc

Translational Gastroenterology and Hepatology, 2023

The following symptoms were assessed at baseline and
criteria used to assess improvement were included between
brackets: vomiting and regurgitation (more than 50%
reduction in episodes), retching (more than 50% reduction in
episodes), feed intolerance (full volume feed tolerance), pain
during feeding (more than 50% reduction in episodes) and
suboptimum weight gain (objective documented weight gain).

Statistical analysis

Analysis was performed using IBM SPSS® Statistics Version
25. Variables were reported as mean and standard deviation,
Student’s t-test, ANOVA and Pearson’s correlation were
used for analysis of variables and P<0.05 was regarded as
statistically significant.

EndoFLIP measurement and technique description

EndoFLIP measurements were taken at the time of
endoscopy under propofol anaesthesia. With the endoscope
in the stomach, the balloon gastrostomy was removed and
the EndoFLIP® catheter (EF-325N, 16 points over 80 mm
measurement length along the balloon) (Medtronic®) was

Table 1 Demographic profile

Parameter N=12
Females, n (%) 5 (42%)
Age (years), mean + SD 10.7+4.2
Background diagnosis

Cerebral palsy 9

Nemaline myopathy 1

No unifying diagnosis 2

SD, standard deviation.

Table 2 EndoFLIP measurement before and after Botulinum Toxin
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inserted through the gastrostomy tract into the pylorus
under direct vision prior to endoscopic intubation of the
pylorus. The balloon was filled with 20, 30 and 40 mL
to assess minimum diameter, distensibility (defined as
the resistance of the luminal wall to a distending force),
compliance (defined as the change in volume in response to
the change in pressure) and balloon pressure. A minimum
of three measurements were obtained after a settling down
period of 5 seconds (to avoid pressure during peristalsis
and variation in pylorus volume) for each balloon volume.
The mean value of each parameter was used and all
individual measurements were used for subsequent analysis.
For distensibility, there is published normality cut off of
10 mm’/mmHg for adults (8).

After EndoFLIP assessment, intrapyloric Botulinum
Toxin (6 iu/kg to the maximum of 200 iu) was injected
under the same anaesthesia. We used a sclerotherapy needle
inserted through the biopsy channel of the endoscope to
inject the Toxin in divided doses around the pylorus.

Symptoms were assessed 6 weeks after Botulinum Toxin
injection.

Results

Measurements were obtained from 12 children, 5 (42%)
were females, mean age = standard deviation (SD) was
10.7+4.2 years. From each child, a minimum of three
measurements were obtained with three sets of balloon
volumes (20, 30 and 40 mL as detailed above). All children
(apart from 1) had neuromuscular disabilities (9 had cerebral
palsy, 1 had Nemaline myopathy, 1 with no unifying
neuromuscular diagnosis and another had no unifying
diagnosis but was neurologically able) (7zble 1). EndoFLIP
measurements showed the mean diameter, distensibility,
compliance and pressure at balloon volumes of 20, 30 and
40 mL as summarised in 7izble 2. Diameter and pressure

20 mL balloon volume

30 mL balloon volume

40 mL balloon volume

Parameter (mean + SD)

Before After P value Before After P value Before After P value
Diameter (mm) 6.5+1.3 6.6+1.3 0.013 7.8£2.3 9.4+1.8 0.05 10.1£2.7 11.2+2.4 0.03
Balloon pressure (mmHg)  13.6+4.4 9.6+£2.5 0.046 20.9+8.1 16.2+4.4 0.1 42.3+13.1 35+16.3 0.2
Distensibility (mm*’mmHg)  2.6+1.1 3.8+1.4 0.011 2.7+1.8 4.4+1.4 0.008 2.1+1 3.0+0.6 0.01
Compliance (mm*mmHg)  92.3+38 147.9+37.1 0.030 89.7+43.5 142.9+36.6 0.047 77+28.9 85.4+28.3 0.3

EndoFLIP, endolumenal functional lumen imaging probe; SD, standard deviation.
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Table 3 Clinical symptom reported at baseline and 6 weeks after Botulinum injection for all children who received Botulinum Toxin injections

Symptoms

Pre Botulinum (% of children)

Post Botulinum (% of children improved)

Vomiting and regurgitation

Retching

Feed intolerance (did not tolerate feed volume)
Pain during feeding

Suboptimum weight gain

Improved wellbeing (subjective reports from parents)

100 83
83 80
100 78
100 78
58 85

- 83

measurements at 20 mL balloon volume were at the lower
limit of normal but all other measurements were outside the
normal range reported in healthy adult volunteers (21). All
children received intrapyloric Botulinum Toxin and all but
one child showed clinical symptom improvement as detailed
in Table 3. Although all EndoFLIP measurements have
improved after the Botox injection during the subsequent
measurement in symptomatic children (6-9 months
later), the diameter, distensibility and pressure values have
remained outside the normative adult values (21) (Table 2).
Nine children had reassessment of pylorus 6-9 months after
Botulinum Toxin injection, their EndoFLIP measurements
are included in 7able 2. Seven children had poor weight gain
in the months prior to the procedure, 6 children showed
sustained weight gain after the Botulinum Toxin injection
for a minimum of 6 months duration. One child was able to
stop jejunal feeding and maintain full gastric feeding.

Individual EndoFLIP measurements were then
categorised into three groups based on balloon volumes.
There were significant changes in diameter and distensibility
(P<0.05) pre and post Botulinum Toxin injection with all
balloon volumes (20, 30 and 40 mL), while the pre/post
difference in pressure and compliance were only statistically
significant with 20 mL balloon volume as detailed in
Tuble 2. There was a significant improvement in diameter
(P<0.001) and distensibility (P<0.001) measurements in the
whole group after Botulinum Toxin injection (Figure I) and
significant improvement pressure measurements (P=0.002)
and increased in compliance (P=0.001) in the whole cohort
(Figure 1).

There was significant increase in balloon pressure with
each incremental increase in balloon volume between 20,
30 and 40 mL (P=0.02, <0.001 and <0.001 respectively)
leading to significant differences in diameter with balloon
volume of 20 to 30 mL and 20 to 40 mL (P=0.026 and
<0.001 respectively), and a significant change from 30 to

© Translational Gastroenterology and Hepatology. All rights reserved.

40 mL (P=0.004). Increasing balloon pressure appears to
positively influence diameter (r=0.63, P<0.001) (Figure 2)
an important factor to consider in paediatric patient as the
high balloon pressure may lead to inadvertent increase in
balloon diameter and subsequent pylorus dilatation. While
as expected distensibility and compliance (as defined as the
volume of the enclosed region between above and below the
minimum diameter divided by balloon distended pressure)
were strongly correlated (r=0.79, P<0.001).

Discussion

Gastrointestinal complaints are common in children
with neurodisabilities and can affect up to 90% of this
population (1). Regurgitation, vomiting, GORD and
impaired stomach emptying can lead to feeding difficulties
and malnutrition (22). In this cohort, all included children
had refractory foregut symptoms including vomiting and
regurgitation, retching, feed intolerance affecting their
ability to maintain sufficient nutrition, pain during feeding
and suboptimum weight gain, not responding to optimum
medical therapy. All children appeared to have abnormal
pyloric EndoFLIP measurements and had shown a clinical
improvement after Botulinum Toxin injection. Although
there was some improvement in EndoFLIP values in
subsequent measurements, the procedures were done
6-9 months after the injection in children who have had
recurrence of symptoms. Children who had a repeat
Botulinum Toxin injection also showed a similar clinical
improvement to the first dose.

The European Society of Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) recommends
jejunal feeding in children intolerant to gastric feeding,
in paediatric gastroparesis and GORD, as well as in the
neurologically disabled (23). However, jejunal tube feeding
can lead to increasing morbidity and may negatively affect
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Figure 1 EndoFLIP measurement. EndoFLIP, endolumenal functional lumen imaging probe.
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Figure 2 Intra balloon pressure and pylorus diameter correlation.

quality of life (24). Transpyloric jejunal tubes require
frequent replacement under a specialist care setting often
under general anaesthesia. They are unpredictable and
can malfunction without warning leading to unplanned
hospital admissions (25,26). Feeding into the jejunum is
delivered as a continuous infusion to prevent intermittent
dilatation of the small bowel, this can disrupt sleep
patterns if administered overnight or disturb activities and
routines during daytime administration. Abnormal pyloric
distensibility measured by EndoFLIP was previously
reported in adults with gastroparesis and was associated

© Translational Gastroenterology and Hepatology. All rights reserved.

with delayed gastric emptying (5). Intrapyloric Botulinum
Toxin improved symptoms of poor gastric emptying in
patients with abnormal pyloric distensibility (7). In children
with feed intolerance and refractory foregut symptoms,
assessment of pylorus by EndoFLIP may provide a useful
tool to maintain gastric feeding and prevent progression to
jejunal feeding. One child in our cohort was able to wean
jejunal feeding and tolerated full feeds into stomach.

In this study, all included children had impaired pyloric
distensibility which was consistent with three different
balloon volume (20, 30 and 40 mL). Pyloric distensibility
improved after Botulinum Toxin injection (Figure I).
Although there are no reported paediatric values, these
readings are far below the accepted adult cut off value of
10 mm’/mmHg (6,8), age or the size of the child did not
appear to affect distensibility measurements. All children
received intrapyloric Botulinum Toxin 6 iu/kg up to a
maximum of 200 iu in divided doses, all (apart from one
child) showed clinical symptom improvement after 6 weeks
and sustained weight gain.

The incremental increase in balloon volume led to
significant increase in balloon pressure which showed
strong positive correlation with the diameter of the pylorus.
This raises an important question about the optimum
balloon volume in children. Although the EndoFLIP

Transl Gastroenterol Hepatol 2023;8:17 | https://dx.doi.org/10.21037/tgh-22-58
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balloon is complained and does not cause hollow organ
dilatation, it appears to cause unplanned dilatation of the
pylorus with increasing intra balloon pressure, with no
effect on distensibility or compliance. We did not observe
any adverse effect from this and the intra balloon pressure
remained well below the default safety pressure (60 mmHg),
it is an area where further research is warranted and
clinicians will need to be aware of the association between
pressure and diameter as it may have clinical implications in
small children. Although this is a small sample size, inflating
the balloon volume to 40 mL did not produce added
measurement value but did produce undue pyloric stretch.

Conclusions

In conclusion, we report our experience in the assessment
of pyloric distensibility, compliance and diameter in
children with neurodisabilities by EndoFLIP via existing
gastrostomy tract. This can be easily performed under
the same general anaesthetic as endoscopy, does not add
much time to the total procedure duration (added an
average of extra 10 minutes to the endoscopy time) and
can guide the administration of intrapyloric Botulinum
Toxin. The injections are an effective therapy to improve
foregut symptoms in a subset of children, showing good
clinical response and a trend of improvement in EndoFLIP
measurements. Paediatricians can use EndoFLIP to select
the cohort of children who may respond to intra pyloric
Botulinum Toxin injection, this can potentially allow
continuation of gastric feeding, avoidance of jejunal feeding
and overall improvement in foregut symptoms, although
more data from larger studies will be required to study the
pathophysiology of pylorus muscle in children.

This study has a number of limitations. It is a
retrospective design in a small number of children but
to the best of our knowledge this is the first report
in paediatric pylorus assessment by using EndoFLIP
documented measurement parameters and guiding clinical
management. We did not use breath test or scintigraphy to
assess gastric emptying as our study’s population of children
with neurodisabilities are unlikely to comply with such tests.
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