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Background and study aims: Gastro-oesophageal reflux (GER) is common in children with cerebral palsy
(CP). Such children often require percutaneous endoscopic gastrostomy (PEG) to alleviate feeding diffi-
culty, yet GER may get worse following PEG. The aim of this study was to assess whether abnormal
pH study and oesophagitis or delayed gastric emptying can predict worsening of GER after PEG.
Patients and methods: A chart review was conducted of 25 children with cerebral palsy (CP) who had PEG
performed at King Abdulaziz University Hospital, Jeddah, Saudi Arabia between September 2001 and May
2007. Data collected included pre-procedure 24-h pH study, gastric emptying nuclear scan, and histopa-
thology of the oesophageal biopsy obtained at the time of PEG placement. Clinical symptoms of GER and
the need for fundoplication were also recorded.

Results: Twenty-five patients with severe CP (21 male; mean age 6.0 + 5.3 years) were included. Thirteen
(52%) had abnormal pH study. Six (24%) had delayed gastric emptying, and 10 (40%) had histological
oesophagitis. Following PEG, 16 (64%) had persistent vomiting. Twelve were controlled with medical
treatment. Four (16%) required fundoplication. There was no relation between abnormal pH study,
delayed gastric emptying or oesophagitis and the development of persistent vomiting after PEG. There
was no statistically significant difference between patients who required fundoplication and the remain-
ing patients in either pH or gastric emptying study.

Conclusion: An abnormal pH study and oesophagitis or the presence of delayed gastric emptying before
PEG placement in children with CP did not predict worsening of GER or the need for fundoplication after

PEG.

© 2009 Arab Journal of Gastroenterology. Published by Elsevier B.V. All rights reserved.

Introduction

A significant proportion of children with neurological impair-
ment have feeding difficulties due to oropharyngeal incoordination
[1,2]. As a consequence, malnutrition may develop following long-
term decreased oral intake [3-5]. Gastro-oesophageal reflux (GER)
is also common in such children, and contributes further to feeding
difficulties [6-8]. The role of delayed gastric emptying (GE) in chil-
dren with cerebral palsy (CP) and its relationship to GER is less well
defined [8,9]. Percutaneous endoscopic gastrostomy (PEG) has
been used extensively to provide long-term enteral nutrition in
neurologically impaired children with an intact gastrointestinal
tract who cannot eat because of abnormalities of the swallowing
mechanism [10]. This procedure is safer and easier to administer
than surgical gastrostomy. However, GER often increases following
the procedure and may increase the risk of aspiration. It has been
suggested that fundoplication and surgical gastrostomy may be a
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better option for neurologically impaired children, yet the risk of
anti-reflux procedure in this population is enormous. It is difficult
to predict which patients will subsequently develop GER [11].

The aim of this study was to evaluate whether an extended pH
probe investigation of the oesophagus before PEG or abnormal gas-
tric emptying were useful in predicting later complications related
to GER.

Patients and methods

The charts of all CP patients who underwent PEG from Septem-
ber 2001 to May 2007 at King Abdulaziz University Hospital, Jed-
dah, Saudi Arabia, were reviewed. The results of gastric emptying
investigations performed prior to the PEG were retrieved. Data
from pH probe studies before placement of the PEG tube, and the
number of surgical anti-reflux procedures (Nissen fundoplication)
after PEG was recorded. Prior to the placement of the PEG tube
our routine is to start all patients on nasogastric tube feeding for
about 4 weeks and assess their tolerance. Only patients who can
tolerate their feeds and protect their airway would be candidates
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for PEG insertion. Others would be referred to the surgeon for pri-
mary fundoplication and surgical gastrostomy tube.

PEG was performed by a paediatric gastroenterologist assisted
by a trained specialist using a modification of the technique de-
scribed by Gauderer et al. [12]. In most cases BARD PEG kits (16
or 20 F) were used. The procedure was performed in an operating
room under general anaesthesia. Multiple biopsies were routinely
taken from the lower oesophagus. Biopsies were sent for histopa-
thology report. Antibiotic prophylaxis (usually amoxicillin-calavu-
ronic acid) was given to all patients before surgery and in the
immediate postoperative period. Enteral feeding was started 24-
h after the procedure.

pH Study

Twenty-four-hour oesophageal pH monitoring was performed
by the author before PEG placement using a 2.1-mm pH catheter
with two monocrystalline antimony electrodes (Medtronic Synec-
tics, Shoreline, MN). The pH electrodes were calibrated at 37 °C in
pH 7.0 and 1.0 buffer solutions (Medtronic Synectics), before and
after each study. After calibration, the catheter was placed tran-
snasally into the oesophagus. The exact position was determined
by a normogram based on crown-rump length [13] and verified
by chest radiograph. Data were analysed using Esophagram soft-
ware (Medtronic Synectics). For infants under 1 year old, results
were considered abnormal if the reflux index (percentage of time
pH below 4) was more than 10% [14]. For patients more than 1
year old, pH probe results were considered abnormal if the reflux
index was more than 5% [15]. All anti-reflux and antacid medica-
tions were stopped 48 h before the study and proton pump
inhibitors seven days before the study. During pH monitoring,
regular oral feedings or bolus feedings were given by nasogastric
tube.

Nuclear medicine gastric emptying scan

All patients underwent nuclear medicine gastric emptying scan.
Patients were fasted for 4 h before the test. Patients received a dose
of 99mTc-calcium phytate added to 200 ml of milk. The test meal
was taken orally or administered via a nasogastric tube. Gastric
half-emptying time and the percentage of the ingested meal pres-
ent within the stomach at 2 h were determined from the curve of
the geometric means. Delayed gastric emptying was defined as a
gastric half-emptying time >50 min or a residual gastric volume
at 2 h post ingestion of radionuclide of >15%.

Statistical analysis

Statistical analysis was performed using the Stata Statistical
Software (Release 6.0, College Station, TX). Data were expressed
as mean £ SD or as proportions of the total group. Fisher’s exact
test was used for testing the association of categorical variables.
The non-parametric (rank-sum) test for comparison of skewed
data was performed. A p value <0.05 was considered significant.

Results

Twenty-five patients with severe CP (21 male; mean age
6.0 £ 5.3 years, range 1-21) were included. The characteristics of
these patients can be seen in Table 1. The baseline mean weight
for age z score (WAZ) was -2.46 + 1.6 (range —4.9 to 1.86). Nine-
teen (75%) patients were underweight with WAZ <—2.0 at the time
of the gastrostomy tube insertion (WAZ —3.2 £ 0.77, range —4.9 to
—2). All underwent oesophageal 24-h pH probe study before PEG.
The results were abnormal in 13 (52%) patients.

Table 1
Clinical characteristics of 25 patients with cerebral palsy.
Number Percentage

Etiology of cerebral palsy
Hypoxic ischemic encephalopathy 12 (48)
Idiopathic 9 (36)
Herpes simplex encephalitis 1 (4)
Prematurity 2 (8)
Cerebral hemorrhage 1 (4)
Types of cerebral palsy
Spastic quadriplegia 21 (84)
Spastic diplegia 2 (8)
Hypotonic 3 (12)
Choreoathetotic 1 (4)

Six (24%) patients had an abnormal gastric emptying scan with
a half-emptying time >50 min and a residual volume >15% at 2 h.
Gastric half-emptying time and percentage radionuclide remaining
at 2 h were 100% concordant (Fisher’s exact, p < 0.0001); that is, all
patients with abnormal GE were detected by both criteria.

Histological oesophagitis was diagnosed in 10 of 25 (40%) pa-
tients who underwent PEG and biopsy. Abnormal pH monitoring
was closely associated with presence of oesophagitis (Fisher’s ex-
act, p=0.05).

Following PEG placement, patients were fed different types of
formulas, with 23 fed polymeric and 2 fed elemental formulas.
The mean caloric intake was 68.8 + 38.8 kcal/kg/day. All except 2
were on bolus feeding. There was significant weight gain (n =25)
at 3 months and 6 months following insertion of the gastrostomy
(delta WAZ 0.33+0.59, 95% CI 0.14-0.56, p=0.005 and
0.64 +0.74, 95% CI 0.35-0.93, p<0.001, respectively). Sixteen
(64%) patients had clinical reflux in the form of persistent vomit-
ing. Twelve were controlled with medical treatment using proton
pump inhibitors and domperidone. Four (16%) required fundopli-
cation. Fundoplication was performed 5-60 months after PEG.

There was no relation between abnormal 24-h pH study, de-
layed gastric emptying or histological oesophagitis and the devel-
opment of persistent vomiting (Table 2).

Table 2
Predictability for increased vomiting after gastrostomy tube feeding.

Parameters Number of patients Odd ratio 95% confidence p Value
(% of abnormal) interval

Gastric emptying 25 (24%) 2.33 0.36-15 0.37

GER™ 25 (52%) 0.71 0.14-3.6 0.68

Esophagitis 25 (40%) 1.29 0.26-6.3 0.76

" GER, gastro-oesophageal reflux.

Table 3
Differences between Pre PEG Gastric emptying and 24-h pH robe indices in CP
children according to the requirement for fundoplication.

Parameters Fundoplication No fundoplication p
n=4 n=21 Value”

Gastric emptying

GE half time (minutes) 36.7£23.3 32.8+21.5 0.65

Residual volume (%) 11.2+£12 94+12 0.69

pH monitoring

Reflux episodes/24 h 33+19.5 40 +27 0.5

Fractional reflux time 11.8+11.5 43+28 0.14
(FRT) (%)

Total time pH < 4 154 £ 150 60 £ 40 0.1
(minutes)

" Non parametric rank sum test.
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No statistically significant difference was seen between patients
who required fundoplication and the remaining patients in either
24-h pH study or gastric emptying. (Table 3).

Discussion

Dysphagia is common in children with severe CP, and can lead
to severe malnutrition [2]. In this series, nineteen (75%) patients
were underweight with WAZ <—-2.0 at the time of the gastrostomy
tube insertion. This indicates that significant proportion of our CP
patients had difficulty feeding, leading to longer mealtime dura-
tions and increased choking episodes with a risk of aspiration dur-
ing feeding. This subsequently affects their nutrient intake. The
introduction of gastrostomy tube feeding in children with CP has
contributed to an overall improvement in nutritional status in
these patients [16,17]. It has also improved quality of life, not only
for the child but also the family [16]. Heine et al. [17] have reported
a reduction in the feeding time, feed related choking episodes, fre-
quency of chest infections as well as a significant alleviation of
family stress after gastrostomy placement in a group of children
with severe neurological impairment. The impact of PEG in the
nutritional status of our patients can be seen in the significant
weight gain recorded at 3 and 6 months during the follow up after
PEG placement.

Abnormal GER is a common problem in neurologically impaired
children [6,7]. Whether PEG aggravates GER is controversial. It has
been suggested that symptomatic GER occurs frequently after PEG
[18]. The need for surgical anti-reflux procedures is an indicator for
worsening GER after PEG. Gauderer [19] have reported a subse-
quent surgical intervention for GER of 13%. Thirteen (75%) of our
patients had abnormal 24-h pH study before PEG placement, but
only 16% had GER symptoms of such severity that an anti-reflux
procedure was performed. The correlation between oesophageal
pH monitoring before PEG and the requirement for fundoplication
after PEG is not clear in the paediatric literature. Six of the 10 pa-
tients reported by Grunow et al. [20] with normal pH readings be-
fore PEG had abnormal pH probe results after PEG, and only one
required fundoplication. Davidson et al. [21] reported oesophageal
pH monitoring on 32 patients before PEG, of whom 21 had normal
and 11 had abnormal results. Seven of their patients required later
fundoplication. Fundoplication was required in three of nine pa-
tients reported by Jolley et al. [22] who had normal oesophageal
pH readings and underwent PEG. Our result agrees with the re-
ported literature. Although there was a trend for patients who re-
quired fundoplication to have an abnormal mean fractional reflux
index and an abnormal mean total time pH less than 4 (p =0.14
and p = 0.1, respectively), this did not reach statistical significance,
perhaps because of the small number of patients studied.

As children with CP are at great risk for reflux oesophagitis, we
routinely performed oesophageal biopsy at the time of PEG inser-
tion, even in the absence of erosions, because we consider micro-
scopic oesophagitis as important as macroscopic oesophagitis
[23]. Histological oesophagitis was diagnosed in 10 (40%) patients
and correlated with the presence of abnormal pH study, but this
failed to predict worsening of GER after PEG, in agreement with
Heikenen and Werlin [24].

As part of the spectrum of foregut dysmotility, delayed GE has
been reported to occur in more than 65% of neurologically im-
paired children [9,25]. However, it is difficult to compare various
studies due to differences in the technique used to assess gastric
emptying and the number of subjects studied. Del Giudice et al.
[9] found delayed gastric emptying of liquids by scintigraphy in
12 (67%) patients with CP. This was similar to the rate reported
by Alexander et al. [25] of delayed GE in 65% of 54 children studied.
In our study of 25 patients with CP, we found delayed gastric emp-

tying in only 6 (24%) patients. This number is markedly lower than
has been found in the aforementioned studies. This difference is
possibly due to variation in the methods of assessment of GE.

Studies trying to address the relationship between GE and GER
in children have been inconclusive [8,26,27]. Argon et al. [26] stud-
ied 108 patients between 3 months and 5 years of age with clinical
suspicion of GER. GE scintigraphy was performed and correlated to
the presence of GER diagnosed by scintigraphy. They found mild
statistical correlation between the number of reflux episodes and
GE half time. However, this study should be interpreted with cau-
tion since they used scintigraphy to diagnose GER, rather than 24-h
pH study. Estevao Costa et al. [27] also studied thirty paediatric pa-
tients by gastric emptying scintigraphy with pathological GER
diagnosed by 24-h pH study. They found that patients with delayed
GE had significantly higher frequency of longer episodes in the
postprandial period than did those with normal emptying. In the
contrary, Spiroglou et al. [8] studied 76 children with cerebral
palsy with reflux indicative symptoms investigated by 24-h pH
monitoring. GE was studied using gastric scintigraphy and com-
pared with 28 children with resistant asthma used as control for
GE time. They found no relation between GER and delayed GE.
Our study agrees with the finding of Spiroglou et al., as we found
no significant correlation between delayed GE and the presence
of preoperative GER or oesophagitis. Furthermore, we did not find
delayed GE to be an important factor in worsening GER manifesta-
tion after PEG placement.

In conclusion, our data does not support the hypothesis that an
abnormal 24-h pH probe study and histological oesophagitis or the
presence of delayed gastric emptying before PEG placement in chil-
dren with CP can predict worsening of GER or the need for fundo-
plication after PEG. Accordingly, the decision for anti-reflux
surgery should be individualised based on clinical ground.

References

[1] Rogers B, Arvedson J, Buck G, et al. Characteristics of dysphagia in children
with cerebral palsy. Dysphagia 1994;9(1):69-73.

[2] Calis EA, Veugelers R, Sheppard ]JJ, et al. Dysphagia in children with severe
generalized cerebral palsy and intellectual disability. Dev Med Child Neurol
2008;50(8):625-30.

[3] Somerville H, Tzannes G, Wood ], et al. Gastrointestinal and nutritional
problems in severe developmental disability. Dev Med Child Neurol
2008;50(9):712-6.

[4] Fung CW, Khong PL, To R, et al. Video-fluoroscopic study of swallowing in
children with neurodevelopmental disorders. Pediatr Int 2004;46(1):26-30.

[5] Motion S, Northstone K, Emond A, et al. Early feeding problems in children
with cerebral palsy: weight and neurodevelopmental outcomes. Dev Med
Child Neurol 2002;44(1):40-3.

[6] Bozkurt M, Tutuncuoglu S, Serdaroglu G, et al. Gastroesophageal reflux in
children with cerebral palsy: efficacy of cisapride. ] Child Neurol
2004;19(12):973-6.

[7] Gangil A, Patwari AK, Bajaj P, et al. Gastroesophageal reflux disease in children
with cerebral palsy. Indian Pediatr 2001;38(7):766-70.

[8] Spiroglou K, Xinias I, Karatzas N, et al. Gastric emptying in children with
cerebral palsy and gastroesophageal reflux. Pediatr Neurol 2004;31(3):177-82.

[9] Del Giudice E, Staiano A, Capano G, et al. Gastrointestinal manifestations in
children with cerebral palsy. Brain Dev 1999;21(5):307-11.

[10] Sleigh G, Brocklehurst P. Gastrostomy feeding in cerebral palsy: A systematic
review. Arch Dis Child 2004;89(6):534-9.

[11] Novotny NM, Jester AL, Ladd AP. Preoperative prediction of need for
fundoplication before gastrostomy tube placement in children. ] Pediatr Surg
2009;44(1):173-6 [discussion 176-7].

[12] Gauderer MW, Ponsky JL, Izant Jr R]. Gastrostomy without laparotomy: a
percutaneous endoscopic technique. ] Pediatr Surg 1980;15(6):872-5.

[13] Putnam PE, Orenstein SR. Determining esophageal length from crown-rump
length. ] Pediatr Gastroenterol Nutr 1991;13(4):354-9.

[14] Vandenplas Y, Goyvaerts H, Helven R, et al. Gastroesophageal reflux, as
measured by 24-h pH monitoring, in 509 healthy infants screened for risk of
sudden infant death syndrome. Pediatrics 1991;88(4):834-40.

[15] Schindlbeck NE, Heinrich C, Konig A, et al. Optimal thresholds, sensitivity and
specificity of long-term pH-metry for the detection of gastroesophageal reflux
disease. Gastroenterology 1987;93(1):85-90.

[16] Smith SW, Camfield C, Camfield P. Living with cerebral palsy and tube feeding:
a population-based follow-up study. J Pediatr 1999;135(3):307-10.



0.1 Saadah/Arab Journal of Gastroenterology 10 (2009) 78-81 81

[17] Heine RG, Reddihough DS, Catto Smith AG. Gastro-oesophageal reflux and
feeding problems after gastrostomy in children with severe neurological
impairment. Dev Med Child Neurol 1995;37(4):320-9.

[18] Cameron BH, Blair GK, Murphy third ed ]J, et al. Morbidity in neurologically
impaired children after percutaneous endoscopic versus Stamm gastrostomy.
Gastrointest Endosc 1995;42(1):41-4.

[19] Gauderer MW. Percutaneous endoscopic gastrostomy: a 10-year experience
with 220 children. J Pediatr Surg 1991;26(3):288-92 [discussion 292-4].

[20] Grunow JE, al Hafidh A, Tunell WP. Gastroesophageal reflux following
percutaneous endoscopic gastrostomy in children. ] Pediatr Surg
1989;24(1):42-4 [discussion 44-5].

[21] Davidson PM, Catto Smith AG, Beasley SW. Technique and complications of
percutaneous endoscopic gastrostomy in children. Aust N Z ] Surg
1995;65(3):194-6.

[22] Jolley SG, Smith EI, Tunell WP. Protective anti-reflux operation with feeding
gastrostomy. Experience with children. Ann Surg 1985;201(6):736-40.

[23] Hassall E. Macroscopic versus microscopic diagnosis of reflux esophagitis:
erosions or eosinophils? J Pediatr Gastroenterol Nutr 1996;22(3):321-5.

[24] Heikenen JB, Werlin SL. Esophageal biopsy does not predict clinical outcome
after percutaneous endoscopic gastrostomy in children. Dysphagia
2000;15(3):167-9.

[25] Alexander F, Wyllie R, Jirousek K, et al. Delayed gastric emptying affects
outcome of nissen fundoplication in neurologically impaired children. Surgery
1997;122(4):690-7 [discussion 697-8].

[26] Argon M, Duygun U, Daglioz G, et al. Relationship between gastric emptying
and gastroesophageal reflux in infants and children. Clin Nucl Med
2006;31(5):262-5.

[27] Estevao Costa J, Campos M, Dias JA, et al. Delayed gastric emptying and
gastroesophageal reflux: a pathophysiologic relationship. ] Pediatr
Gastroenterol Nutr 2001;32(4):471-4.



