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			Abstract 

			Objective: To explore quality of life (QOL) outcomes in children who have had a fundoplication surgery for the treatment of gastroesophageal reflux disease (GERD) using post-operative results of GERD-specific and pediatric-specific questionnaires. 

			Study Design: In this monocentric exploratory study, 115 patients who underwent fundoplication between 2006 and 2013 were contacted and provided with parent and child reports of three questionnaires – GERD-HRQL, PEDS-QL Gastrointestinal Symptoms Module and PEDS-QL Generic Core Scales. Data analysis on QOL outcomes were based on these responses. 

			Results: A total of 29 patients responded. The mean age was 11.26 years, 55.2% were male and 20.7% were neurologically impaired (NI). Neurologically normal children and children who had a concurrent gastrostomy insertion have significantly better QOL outcomes than their counterparts. Significant positive correlation was found between symptom based QOL and general QOL. While there was trend towards QOL being better in the medium-term group compared to the short-term group and in accordance to child perception compared to parental perception of QOL, statistical significance was not found. 

			Conclusion: Reflux-related QOL post-fundoplication has multiple influential factors. Developing research models which will permit assessment of QOL by comparing not only pre-surgical and post-surgical patients, but also QOL in children who are being treated with only anti-reflux medications and lifestyle modification at baseline and on therapy in both the short and long- term, are needed before the adoption of pediatric fundoplication surgeries for GERD can be justified.
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			Introduction 

			When gastroesophageal reflux disease (GERD) is chronic, severe and resistant to medical therapy, it necessitates surgical intervention- fundoplication. It is the third 4 most common abdominal procedure performed by pediatric surgeons in the United States [1]. Children with comorbidity, primarily neurological impairment (NI), are often at a higher risk of severe GERD and more likely to need fundoplication. In fact, NI children account for nearly 40% of fundoplication’s performed [2,3]. While there is documented evidence of the procedure’s effectiveness in reducing reflux events, symptom recurrence, hospitalizations as well as its associated morbidity and complication rates [4-19], there has been minimal research assessing the relationship between reflux symptoms post-surgery and the child and family’s QOL, an increasingly important patient care outcome.

			Objectives 

			The purpose of this study was to explore post-operative QOL outcomes and reflux symptoms for up to 10 years in children who have had a fundoplication surgery for the treatment of GERD, using primarily pediatric-specific instruments. We aimed: 

			i.	To determine mean scores of QOL and identify whether there was difference in QOL outcomes in children post fundoplication for GERD in the short-term (<5yrs) compared to the medium-term (5-10yrs) 

			ii.	To determine if number of reflux symptoms correlates with QOL 

			iii.	To identify if there was a relationship between reflux symptom based QOL and general QOL 

			iv.	To identify if there was a difference in child and parental perception of the child’s QOL 

			v.	To identify if NI and concurrent gastrostomy with fundoplication influenced their current QOL status 

			Methods 

			Recruitment

			This was a monocentric exploratory study. Participants were recruited from a database of children who had a fundoplication surgery between 2006 and 2013 at Sydney Children’s Hospital (SCH). All participants were aged between 0-18 years at the time of surgery. Any patients that were lost to follow up were excluded. Parents of all patients were contacted: 

			a)	During their regular follow up clinic visits, or 

			b)	By mail, followed up with a phone call within 2-4 weeks to determine their decision. 

			In the age group under 5 years, only the parent completed the questionnaire. In older age groups, children were also requested to complete a child report if they were intellectually capable of doing so. 

			Data collection 

			Three standardized questionnaires were provided with both child and parent reports: 

			a.	GERD-HRQL: A GERD-specific questionnaire 

			b.	PEDS-QL Gastrointestinal Symptoms Module: A pediatric-specific gastrointestinal questionnaire 

			c.	PEDS-QL Generic Core Scales: A pediatric-specific general QOL questionnaire 

			Statistical analysis 

			Statistical analysis of results was performed using SPSS Statistics 23. Descriptive statistics, wilcoxon signed rank test, mann-whitney U test, spearman’s correlation and kruskall wallis H test were used. Approval for this study was obtained from the Human Research Ethics Committee at SCH, Randwick (LNR/15/SCHN/451). 

			Data supporting results reported in this article has been stored in a secure facility at Department of Pediatric Gastroenterology, Sydney Children’s Hospital, Sydney, Australia. There was no funding involved for this clinical study. 

			Results 

			Patient responses 
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			The 115 patients who had a fundoplication between 2006 and 2013 were contacted. A total of 29 responses were received (Figure 1a). Figure 1b depicts reports identified as missing with reasons: 

			i.	The child was unable to fill in the questionnaire as a result of being NI 

			ii.	The child was unable to fill in the questionnaire being under 5 years of age 

			iii.	The parent or child chose not to fill in the questionnaire 

			Patient demographics 

			The mean age of participants at the time of administration of questionnaires was 135.1 months (SD 54.24 months), including 16 males (55.2%) and 13 females (44.8%). 6 patients had NI (20.7%). 

			Details of fundoplication and surgical outcomes 

			All patients had a Nissen fundoplication (27 Laparoscopic, 2 Open). At the time of surgery, mean age was 62.3 months, SD 56.96 months. 1 patient had a re-do operation. 10 patients (34.5%) had a concurrent gastrostomy insertion. 16 patients (55.2%) had recorded GERD investigations performed pre-surgery, of which 13 (81.3%) indicated abnormal results. 8 patients (27.6%) had recorded GERD investigations performed post-surgery for presumed recurrence of GERD symptoms which only 1 (12.5%) indicated an abnormal result. 15 patients (51.7%) have been restarted on anti-reflux medications post-fundoplication. 2 patients are dependent on gastrostomy feeds, 1 patient combines both oral and gastrostomy feeds and the remaining 26 patients all feed orally. 13 patients (44.8%) were hospitalised in the last year, of which 9 patients (31.0%) were admitted due to a gastrointestinal complaint. A summary of patient characteristics is outlined in Table 1. 

			Table 1: Characteristics of Patients in Study Group.

			
				
					
					
				
				
					
							
							Patient Characteristic

						
							
							Statistic

						
					

					
							
							Mean age at fundoplication, mo. (SD)

						
							
							62.3 (56.96)

						
					

					
							
							Mean age at study questionnaire, mo. (SD)

						
							
							135.1 (54.24)

						
					

					
							
							Gender, n (%)

						
							
					

					
							
							Male

						
							
							16 (55.2%)

						
					

					
							
							Female

						
							
							13 (44.8%)

						
					

					
							
							Time period between surgery and QOL assessment

						
							
					

					
							
							Short-term (<5 yrs.)

						
							
							11 (37.9%)

						
					

					
							
							Medium-term (5-10 yrs.)

						
							
							18 (62.1%)

						
					

					
							
							Comorbidity, n (%)

						
							
					

					
							
							NI

						
							
							6 (20.7%)

						
					

					
							
							TOF Repair

						
							
							2 (6.9%)

						
					

					
							
							Fundoplication, n (%)

						
							
					

					
							
							Nissen

						
							
							29 (100%)

						
					

					
							
							Laparoscopic

						
							
							27 (93.1%)

						
					

					
							
							Open

						
							
							2 (6.9%)

						
					

					
							
							Re-do operation

						
							
							1 (3.4%)

						
					

					
							
							Concurrent insertion of gastrostomy

						
							
							10 (34.5%)

						
					

					
							
							Investigations for GERD Pre-Surgery, n

						
							
					

					
							
							Recorded

						
							
							16

						
					

					
							
							Abnormal (% of Recorded)

						
							
							13 (81.3%)

						
					

					
							
							Investigations for GERD Post-Surgery, n

						
							
					

					
							
							Recorded

						
							
							8

						
					

					
							
							Abnormal (% of Recorded)

						
							
							1 (12.5%)

						
					

					
							
							Patients restarted on anti-reflux medications

						
							
							15 (51.7%)

						
					

					
							
							Type of Feeding, n (%)

						
							
					

					
							
							Oral

						
							
							26 (89.7%)

						
					

					
							
							Oral + PEG

						
							
							1 (3.4%)

						
					

					
							
							PEG

						
							
							2 (6.9%)

						
					

					
							
							Hospitalisations in the last year, n (%)

						
							
					

					
							
							Patients hospitalised

						
							
							13 (44.8%)

						
					

					
							
							Patients hospitalised due to GI complaint

						
							
							9 (31.0%)

						
					

				
			

			QOL outcomes 

			The PEDS-QL gastrointestinal symptoms module and PEDS-QL generic core scales both produces scores which are transformed to a 0-100 scale. The height of the score positively correlates to the QOL. The GERD-HRQL has a score scale ranging from 0-75, with the height of the score negatively correlating to the QOL. 

			Table 2a: Mean QOL Scores by Questionnaire.

			
				
					
					
					
					
					
					
				
				
					
							
							Questionnaire

						
							
							Parent Report

						
							
							Child Report

						
							
							Mean Difference n

						
					

					
							
							Response Number

						
							
							n (SD)*

						
							
							Response Number

						
							
							n (SD)*

						
					

					
							
							PEDS-QL Gastrointestinal Symptoms Module Total Score

						
							
							27

						
							
							74.29 (14.78)

						
							
							20

						
							
							75.66 (14.79)

						
							
							1.37

						
					

					
							
							PEDS-QL Gastrointestinal Symptoms Module Symptom Score

						
							
							27

						
							
							73.67 (15.38)

						
							
							20

						
							
							74.98 (14.90)

						
							
							1.31

						
					

					
							
							GERD-HRQL Total Score

						
							
							26

						
							
							12.54 (11.95)

						
							
							21

						
							
							9.76 (12.68)

						
							
							-2.78

						
					

					
							
							GERD-HRQL Symptom Score

						
							
							26

						
							
							11.58 (11.18)

						
							
							21

						
							
							8.86 (11.54)

						
							
							-2.72

						
					

					
							
							PEDS-QL Generic Core Scales Total Score

						
							
							26

						
							
							68.52 (24.54)

						
							
							20

						
							
							76.09 (18.79)

						
							
							7.57

						
					

					
							
							PEDS-QL Generic Core Scales Psychosocial Summary Score

						
							
							26

						
							
							67.63 (23.83)

						
							
							20

						
							
							74.42 (20.29)

						
							
							6.79

						
					

					
							
							PEDS-QL Generic Core Scales Physical Summary Score

						
							
							26

						
							
							69.83 (29.71)

						
							
							20

						
							
							79.22 (19.06)

						
							
							9.39

						
					

				
			

			*All Numbers Were Rounded to the Nearest Hundredth of a Decimal Point.

			Table 2b: QOL Scores in the Short-Term Vs Medium-Term.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Medium-Term (5-10 yrs.)

						
							
							Parent Report

						
							
							Child Report

						
					

					
							
							Short-Term (<5 yrs.)

						
							
							Medium-Term (5-10 yrs.)

						
							
							Short-Term (<5 yrs.)

						
							
							Medium-Term (5-10 yrs.)

						
					

					
							
							Response Number

						
							
							n*

						
							
							Response Number

						
							
							n*

						
							
							Response Number

						
							
							n*

						
							
							Response Number

						
							
							n*

						
					

					
							
							PEDS-QL Gastrointestinal Symptoms Module Total Score

						
							
							10

						
							
							69.75

						
							
							17

						
							
							76.96

						
							
							8

						
							
							71.92

						
							
							12

						
							
							78.15

						
					

					
							
							PEDS-QL Gastrointestinal Symptoms Module Symptom Score

						
							
							10

						
							
							68.38

						
							
							17

						
							
							76.79

						
							
							8

						
							
							70.96

						
							
							12

						
							
							77.66

						
					

					
							
							GERD-HRQL Total Score

						
							
							10

						
							
							15.1

						
							
							16

						
							
							10.94

						
							
							8

						
							
							9.88

						
							
							13

						
							
							9.69

						
					

					
							
							GERD-HRQL Symptom Score

						
							
							10

						
							
							14.6

						
							
							16

						
							
							9.69

						
							
							8

						
							
							9.13

						
							
							13

						
							
							8.69

						
					

					
							
							PEDS-QL Generic Core Scales Total Score

						
							
							10

						
							
							72.72

						
							
							16

						
							
							65.9

						
							
							8

						
							
							75.41

						
							
							12

						
							
							76.54

						
					

					
							
							PEDS-QL Generic Core Scales Psychosocial Summary Score

						
							
							10

						
							
							73.33

						
							
							16

						
							
							64.06

						
							
							8

						
							
							74.79

						
							
							12

						
							
							74.17

						
					

					
							
							PEDS-QL Generic Core Scales Physical Summary Score

						
							
							10

						
							
							71.56

						
							
							16

						
							
							68.75

						
							
							8

						
							
							76.56

						
							
							12

						
							
							80.99

						
					

				
			

			*All Numbers were Rounded to the Nearest Hundredth of a Decimal Point.

			The mean QOL scores by questionnaire are summarized in Table 2a. The use of the PEDS-QL gastrointestinal symptoms module and GERD-HRQL enabled us to view QOL in the context of reflux symptoms. Including the PEDS-QL generic core scales, enabled us to compare with the child’s general QOL. The QOL scores in all three questionnaires indicated better outcomes in the child reports compared to the parent reports. 62.1% of patients had their QOL outcomes measured in the medium-term. In both parent and child reports, there was a trend towards the QOL scores being better in the medium-term compared to the short-term group, as shown in Table 2b. However, none of these differences were statistically significant (p<0.05). 

			The child reports of the PEDS-QL Gastrointestinal Module were used to determine if the number of reflux symptoms in the children was associated with their QOL. Symptoms that were considered included stomach pain, stomach discomfort when eating, food and drink limits, trouble swallowing, heartburn, regurgitation, nausea, vomiting, bloating and flatulence. We found a significant correlation that indicated that the fewer the number of symptoms, the better the QOL scores of the children (r=0.760, p<0.05) (Figure 2). 

			To identify whether there was a relationship between symptom-based QOL and general QOL, the total scores of PEDS-QL gastrointestinal symptoms module, which is primarily symptom-based, were correlated with the total scores of PEDS-QL generic core scales, focused on general QOL. The GERD-HRQL was omitted as its scales did not match with the other two questionnaires. Statistically significant positive correlations were present in both the child (r=0.556, p<0.05) and parent (r=0.490, p<0.05) reports (Figure 3). The variables described in objective (iv) were all individually compared with the scores of GERD-HRQL, PEDS-QL gastrointestinal symptoms module and PEDS-QL generic core scales. A summary of relationships and those found to be significant are outlined in Table 3. Males, neurologically normal children, children who had a concurrent gastrostomy insertion and those who are currently not on any anti-reflux medications had either significantly better general or symptom related QOL scores than their counterparts, accounting for a better QOL. 
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			Discussion

			The importance of clinically assessing children more holistically is becoming increasingly apparent, with an increased focus on integrating patient-centred outcomes in the consideration of new therapies, reinforcing the shift in medicine to beyond just the physical symptoms [20]. With chronic conditions like GERD, it is vital to determine fundoplication improved not only reflux symptoms but also QOL post surgery in children. It is also improtant to delineate if  reflux symptoms showed any form of correlation to QOL post-fundoplication. 

			Child and parental perception 

			In the past, QOL studies looking at fundoplication [21-24], relied primarily on parental perception without taking into account the child’s views of the impact of the illness and the efficacy of the treatment [25]. This study is one of the first to look at both parent and child reports. We found a difference, albeit non-significant, when comparing parent and child reports of all three questionnaires, with a trend towards children consistently reporting a better QOL than parents. Eiser & Morse [26], in their review of QOL measures in children with chronic disease, support this finding in their suggestion that parental expectations and hopes for their child, comparison of their child with the development of others, additional life stresses and their own mental health can serve as negative influential factors [27]. 

			It is well-known that there are different aspects that influence the QOL of a child compared to that of an adult [28]. This creates issues in the overlap of the use of instruments across the two groups. While Engelmann et al. used a modified version of the GIQLI, it was still based off an adult questionnaire. Both O’Neill & Pacilli et al. [22,23] used the same untitled non-standardised questionnaires, which raises uncertainty about the reliability of the paediatric focus. In the present study, we adopted two paediatric-specific PEDS-QL questionnaires. However, with the lack of a GERD-specific paediatric instrument, we resorted to the use of the adult-based GERD-11. 

			HRQL questionnaire. Subsections of the PEDS-QL also relate to GERD specific symptoms. Interestingly the mean scores of 76.09 in our population post-fundoplication was similar to the pre-fundoplication scores in Mauritz et al study [29] which also adopted the PEDS-QL generic core scales as a measurement of health-related QOL for children that underwent laparoscopic fundoplication for GERD, although we did not have pre-fundoplication scores to compare with. 

			Short-term and medium-term QOL outcomes 

			While the majority of previous paediatric QOL studies restricted their measurement of QOL to a very short-term of usually up to 6 months [21-24], this is the only study which has looked at children up to 10 years post-fundoplication. Pacilli et al. [23] who performed a follow-up assessment at 4 years found that there was a progressive improvement in QOL in all domains from the pre-surgical status, to 6 months and later at 4 years. This matches our results, which generally showed a better QOL in children in the medium-term group compared to the short-term group. 

			Number of reflux symptoms and QOL 

			While we were unable to compare pre-and post- fundoplication scores of these patients to determine if there was an improvement in QOL, we were able to identify that in those children with fewer reflux symptoms post-operatively, better QOL score were reported. This highlights the importance of reflux symptoms in determining the QOL of the child. It also highlights the role of fundoplication in improving QOL by relieving GERD  symptoms. 

			Symptom-based and general QOL 

			In the past, studies have adopted single instruments [21-24] that combined both symptoms based and general QOL domains into the same questionnaire. While this has the benefit of a more likely higher response rate with the reduced number of forms to be filled in by patients, we are the first study to have adopted the use of separate distinct questionnaires to identify whether in fact there was a relationship between symptomatic change post-fundoplication and general QOL, including physical, emotional, behavioural and school functioning. We found a significant positive correlation (p<0.05) between the two, suggesting that with an improvement of symptoms, children are more likely to function better psychosocially. 

			QOL of NI children

			NI children, often with multiple co-morbidities and a reduced level of independence are prone to a poorer QOL than neurologically normal children. They are reported to experience more severe GERD and hence NI children form a large proportion of children that undergo fundoplication. In our study, NI children had a poorer QOL compared to neurologically normal children post-fundoplication (p<0.05), which is similar to the results of Pacilli & Engelmann et al, [21,23]. Despite an identified improvement in QOL post-fundoplication in NI children, their rates of fundoplication failure and complications are higher than neurologically normal children [30]. This corresponds to the gradual decrease in the proportion of NI 13 children undergoing fundoplication in the United States in spite of the greater severity of disease [3]. 

			Concurrent gastrostomy with fundoplication 

			The concurrent insertion of a gastrostomy with fundoplication has been suggested to be associated with a better QOL. The venting of the gastrostomy tube decompresses the stomach and is believed to ease the discomfort caused by gas-bloat which has been reported post-fundoplication. It is also believed to be associated with an increased ease of feeding compared to pre-surgical nasogastric tubes [23]. This is especially so in NI children with an unsafe swallow and aspiration risk. However, while past studies have shown no significant improvement in the QOL of children with a concurrent gastrostomy when compared to those without one post-fundoplication, our present study, where 34.5% of children had a concurrent gastrostomy, showed a significantly better GERD-specific QOL in children with a concurrent gastrostomy (p<0.01). 

			The main limitation in our study was its small sample size resulting in low power for obtaining statistical significance and strength in correlation. While the majority of patients did show an interest, their personal time constraints limited our response rate. Ideally, the testing of pre-surgical QOL outcomes would have provided a baseline comparison to determine the ‘impact’ of fundoplication in this study population. However, the present study was constrained in this assessment having focused on a retrospective database with could have potentially resulted in a recall bias.

			b	, particularly in the medium-term group. While this creates potential for skewed results, this study has created scope in raising questions about the assessment of reflux symptoms in relation to QOL that may have previously been unidentified. Despite its limitations, it was the first Australian study to look at post-fundoplication QOL outcomes and provide valuable insight into factors that were overlooked in previous studies. This is one of the first studies to adopt paediatric-specific QOL instruments and to look at both child and parental perception of the child’s QOL. It highlights the issues associated with parent-proxy reporting of their child’s health and the need for a more direct child involvement. It is also the first time QOL was observed beyond just 4 years post-fundoplication, highlighting the importance of long-term follow-up of these patients. The study was able to provide evidence to support the claims made by literature of the associated benefit of a concurrent gastrostomy with fundoplication. Expanding the assessment of reflux-related QOL outcomes beyond just pre- and post-fundoplication patients to the assessment of children with GERD that are being treated solely by anti-reflux medications and solely by lifestyle modification will assist in determining whether the current high trend in paediatric fundoplications being performed is valid. With improvements in this relatively new and continually evolving field of QOL assessment, it will be possible to work towards identifying the sub-populations most of children benefitting from fundoplication surgery and identifying patient-centred outcomes to further improve the post-surgical QOL of these children.
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Figure 2. Correlation batween symstoms-Based GOL and genersl QOL Statistically
Mgnificant povtive correiations ware prasent in both the child (140,556, p<0.08) anc
pacent (120490, p<0.05) reports.

Figure 2: Correlation between Symptoms Based QOL and General QOL.
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FIGURE 1A: DISTRIBUTION OF PATIENT
RESPONSES BY QUESTIONNAIRE
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FIGURE 18: REASON FOR MISSING REPORTS
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Figure 1. Statistcs of patient responses to questionnaires. Responses ranged from 19:26.
por (A). The mast cause of missing reports in was dueto
the child being neurologicallyimpaired or developmentally delayed [

Figure 1: Statistics of Patient Responses to Questionnaires. A. Responses Ranged from 19-26 Per Questionnaire. The Most Common
Cause of Missing Reports in Children was due to the Child Being Neurologically Impaired or Developmentally Delayed
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Figure 3: Correlation between number of reflux symptoms and total
PEDS-QL score
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Figure 3. Corralation batwesn number of reflux symptoms and total PEOS-QL score. The

the of symptoms, the the QOL. of the (re0.729,
pe0.08).

Figure 3: Correlation between Number of Reflux Symptoms and Total PEDS-QL Score.






