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Abstract: Rett syndrome is one of many severe neurodevelopmental
disorders with feeding difficulties. In this study, associations between
feeding difficulties, age, MECP2 genotype, and utilization of gastro-
stomy were investigated. Weight change and family satisfaction follow-
ing gastrostomy were explored.

Data from the longitudinal Australian Rett Syndrome Database
whose parents provided data in the 2011 family questionnaire
(n=229) were interrogated. We used logistic regression to model
relationships between feeding difficulties, age group, and genotype.
Content analysis was used to analyze data on satisfaction following
gastrostomy.

In those who had never had gastrostomy and who fed orally
(n=166/229), parents of girls <7 years were more concerned about
food intake compared with their adult peers (odds ratio [OR] 4.26; 95%
confidence interval [CI] 1.29, 14.10). Those with ap.Argl68* mutation
were often perceived as eating poorly with nearly a 6-fold
increased odds of choking compared to the p.Argl33Cys
mutation (OR 5.88; 95% CI 1.27, 27.24). Coughing, choking,
or gagging during meals was associated with increased like-
lihood of later gastrostomy. Sixty-six females (28.8%) had a
gastrostomy, and in those, large MECP2 deletions and
p.Argl68™ mutations were common. Weight-for-age z-scores
increased by 0.86 (95% CI 0.41, 1.31) approximately 2 years
after surgery. Families were satisfied with gastrostomy and felt
less anxious about the care of their child.

Editor: Marsha Medows.

Received: September 25, 2014; revised: October 30, 2014; accepted:

November 10, 2014.

From the Telethon Kids Institute (JD, KW, PJ, HL), The University of

Western Australia; School of Physiotherapy and Exercise Science (JD),

Curtin University, Perth, Australia; Department of Gastroenterology (MR),

Princess Margaret Hospital, Perth, Australia; Discipline of Genetic Medicine

(CE, JC); Discipline of Paediatrics and Child Health (CE, EJE, JC), The

University of Sydney, The Children’s Hospital at Westmead; and The Sydney

Children’s Hospitals Network (Westmead) (CE, EJE, JC), Sydney, Australia.

Correspondence: Professor Helen Leonard, MBChB, Telethon Kids
Institute, PO Box 855, West Perth Western Australia 6872, Australia
(e-mail: Helen.Leonard@telethonkids.org).

The Australian Rett Syndrome Unit (APSU) is affiliated with a unit of the
Division of Paediatrics and Child Health, Royal Australasian College of
Physicians, and is funded by the Department of Health and Ageing, the
National Health Medical Research Council (NHMRC), and the Austra-
lian Research Council. The Australian Rett Syndrome Research Program
has been funded by the National Institutes of Health (SRO1HD043100-
05) and an NHMRC project grant (#303189), and is currently supported
by an NHMRC project grant (#1004384) and an NHMRC program grant
(#572742). The current funding for HL is from an NHMRC Senior
Research Fellowship #572568. The work of EJE is supported by an
NHMRC Practitioner Fellowship #457084.

The authors have no conflicts of interest to disclose.

Copyright © 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins.

This is an open access article distributed under the Creative Commons

Attribution License 4.0, which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.

ISSN: 0025-7974

DOI: 10.1097/MD.0000000000000328

Medicine * Volume 93, Number 28, December 2014

Mutation type provided some explanation for feeding difficulties.
Gastrostomy assisted the management of feeding difficulties and poor
weight gain, and was acceptable to families. Our findings are likely
applicable to the broader community of children with severe disability.

(Medicine 93(28):e328)

Abbreviations: ARSD = Australian Rett Syndrome Database, CI =
confidence interval, IQR = interquartile range, MECP2 = methyl
CpG binding protein 2, OR = odds ratio.

INTRODUCTION

Rett syndrome is a severe neurodevelopmental disorder,
occurring mainly in females and usually associated with
amutation of the methyl-CpG-binding protein 2 (MECP2) gene."
It occurs rarely” with a wide phenotypic spectrum in part
explained by the specific MECP2 mutation.® Following appar-
ently normal early development, there is loss of communication
and hand function with the development of intense midline hand
stereotypies. Comorbidities include breathing dysfunction,
scoliosis,* epilepsy,” and gastrointestinal disorders.®

Poor growth is common in Rett syndrome.” The MECP2
mutation likely has a role, but other contributing factors include
poor muscle tone and oromotor incoordination, which can cause
feeding difficulties.® Gastrointestinal dysmotility may lead to
gastroesophageal reflux disorder, delayed gastric emptying,
and/or constipation.” Many have disturbed breathing patterns
with episodic hyperventilation, breath holding, aerophagia, and
abdominal distension causing discomfort and reduced oral
intake. While some appear to have a good appetite,'® many
parents have concerns about their daughter’s feeding pattern
and intake.

Rett syndrome is one of many genetic disorders associated
with severe disability in which feeding difficulties and poor
growth occur.!" Conservative management is trialed
initially,”'® but with persistent feeding difficulties and poor
weight gain, gastrostomy may be recommended.'® There are
many advantages to gastrostomy for children with a severe
developmental disability, including improved nutrition and
growth, as well as reduced carer anxiety. A Spanish study
involving 26 parents of children with severe developmental
disability reported high satisfaction levels in relation to their
child’s health, daily care routines, and family dynamics follow-
ing gastrostomy.'> Despite these advantages,'® parents are often
slow to accept a gastrostomy as the best management for their
child.'* In Rett syndrome, gastrostomy has been associated with
improved growth'> but there has been no comprehensive inves-
tigation of outcomes using a quality of care framework.'®

The Australian Rett Syndrome Database (ARSD) is unique
worldwide in collecting genetic and ;)henotype data that is both
population based and longitudinal.'” This dataset allows us to
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look back at factors that preceded gastrostomy and assess
outcomes following surgery such as growth. Our Rett syndrome
data could also provide insights into issues encountered by
children with other severe disabilities. Using data collected in
the ARSD, we investigated feeding difficulties in Rett syn-
drome and their relationships to age and MECP2 genotype.
Following gastrostomy, we investigated weight change and
carer satisfaction.

METHODS

Following registration with the ARSD, a family question-
naire is initially administered and 6 follow-up questionnaires
have been distributed between 2000 and 2011. Females with a
clinically'® or genetically'®*® confirmed diagnosis of Rett
syndrome and whose parents/carers returned the 2011 fol-
low-up questionnaire were included in this study. Categoriz-
ation of age and genotype is shown in Table 1. The common
mutation types are shown in Figure 1.

Carers were asked whether the individual was fed orally,
enterally, or in combination. If fed orally, caregivers were asked
whether the quantity of food eaten was less than, about right, or
greater than expected for their daughter’s size, their concerns
about intake (responses dichotomized by combining “‘none” or
“occasionally” to indicate mild concern and “‘frequently” or
“constantly” to indicate strong concern), and the frequency of
coughing, choking, or gagging when eating different types of
foods or drinking liquids (classified as absent or present [“‘less
than once per week,” “1-2 times per week,” ““daily,” or ““more
than once per day”]). Average mealtime duration was dichot-
omized by the median value (20 minutes). For those fed ent-
erally, questionnaire data describing height and weight, dates of
gastrostomy insertion, and reason(s) for gastrostomy were
supplemented with data from medical records. Weight z-scores
for age were calculated using the LMS method based on data

from the 2000 US Centers for Disease Control and Prevention
Growth dataset.>® The reference value of age 20 years was
applied to any individual over this age.

Caregivers were also asked about satisfaction or otherwise
with the gastrostomy surgical experiences, questions having
been developed following evaluation of relevant literature and
family input. Items described overall satisfaction, specific
aspects of hospital processes, and functional outcomes follow-
ing surgery, such as weight gain, feeding problem, care, and
well-being. Five-point Likert scales were used to rate each
question. Families were also asked open questions regarding
the aspects of management and outcomes that were satisfactory
or otherwise for them.

We interrogated data from earlier questionnaires to inves-
tigate relationships between the presence of mealtime issues and
subsequent feeding status. For the group who fed orally in 2011,
we analyzed responses provided in the 2009 questionnaire, and
for those who were later fed via gastrostomy, we used the data
provided in the questionnaire prior to gastrostomy insertion.

Ethics approval of the study was obtained from the Human
Research Ethics Committee of the Princess Margaret Hospital
for Children, Western Australia (1909/EP).

Statistical Analysis

Logistic regression was used to model the association
between MECP2 mutation type and age group and the binary
mealtime issue variables. Generalized estimating equations
were used to estimate the occurrence of coughing, choking,
and gagging as binary outcome variables for the explanatory
variables food type, age group, and mutation type. Logit link
function, robust standard errors, and exchangeable working
correlation structure were used for parameter estimation. Fisher
exact test was used to evaluate equality of proportions. Paired
t test was used to examine the difference between presurgery

TABLE 1. Characteristics of 229 Females Whose Families Responded to the 2011 Follow-Up Questionnaire by Feeding Type

Oral Only (n=171)

Enteral” (n=58) Overall (n=229)

Age group, n (%)

0-7y 27 (15.8)
8-12y 30 (17.5)
13-17y 29 (17.0)
>18y 85 (49.7)
Mutation type', n (%)
C-terminal 15 (9.1)
Early truncating 9 (5.5)
Large deletion 9 (5.5)
p-Argl06Trp 7 (4.3)
p-Argl33Cys 17 (10.4)
p.Argl68” 13 (7.9)
p.Arg255” 8 (4.9)
p.Arg270" 9 (5.5)
p.Arg294” 11 (6.7)
p-Arg306Cys 10 (6.1)
p-Thr158Met 14 (8.5)
Other 17 (10.4)
Negative 25 (15.2)

7 (12.1) 34 (14.9)
12 (20.7) 42 (18.3)
12 (20.7) 41 (17.9)
27 (46.5) 112 (48.9)

1(1.9) 16 (7.3)

4 (7.4) 13 (6.0)

5(9.3) 14 (6.4)

3 (5.6) 10 (4.6)

2(3.7) 19 (8.7)

9 (16.7) 22 (10.1)

4 (7.4) 12 (5.5)

5(9.3) 14 (6.4)

2 (3.7) 13 (6.0)

— 10 (4.6)

7 (13.0) 21 (9.6)

3 (5.6) 20 (9.2)

9 (16.7) 34 (15.6)

* Includes those who were fed through a gastrostomy/jejunostomy button or a nasogastric tube, or orally for food and drink and enterally for

nutritional supplements or medication.

Eleven cases were not tested for mutation or with unknown mutation type.
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Gastrostomy in Rett Syndrome
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FIGURE 1. Diagram showing the functional MECP2 protein and common mutations causing Rett syndrome. Figure derived from
RettBASE.>' MBD = methyl-binding domain, NLS = nuclear localization sequence, TRD = transcription repression domain. A large
deletion includes deletion of all or some of exon 3 and/or 4, and usually includes all or part of the MBD and TRD. An early truncation
mutation includes truncation of the protein after aa126, and includes both nonsense and frameshift mutations.

and postsurgery weight-for-age z-scores. All missing data were
considered missing for reasons unrelated to the study outcomes.

Content analysis was conducted using data from the open-
ended satisfaction questions. Data were grouped by the content
area of the question and then read and re-read to gain familiarity
and form initial ideas of the data set. The researcher then coded
recurring words, phrases, or concepts within these areas, and
integrated similar codes to define the key themes. The themes
were marked within the data to allow further reflection on each
thematic decision and either confirm, refute, or modify the
original interpretations. A second researcher reviewed all cod-
ing decisions to increase credibility of analysis.

All statistical analyses were conducted using STATA
release 13 (StataCorp LP, College Station, TX).

RESULTS

In April 2014, information about 387 females with Rett
syndrome born since 1976 had been received from families,
among whom 73 had died. Almost a quarter (25.6%, n =99) had
had gastrostomy or jejunostomy feeding tube insertion. The
2011 follow-up questionnaire was administered to caregivers of
262 individuals, including 70 who had gastrostomy surgery, and
the response fraction was 87.4% (229/262). The median age of
females was 17 years 11 months (range 2 years 8§ months to 35
years 9 months). Almost three-quarters (74.7%, 171/229) ate
and drank orally including 5 with gastrostomy insertion for
other purposes (eg, venting stomach gas), 13.1% (30/229)
received their nutrition by a combination of oral and enteral
feeds, and 9.6% (22/229) were exclusively enterally fed. Naso-
gastric tube feeding was rare (2.6%, 6/229). The type of feeding
method was similar across age groups (P = 0.79). However, oral
feeding was more prevalent among those with C-terminal,
p-Argl33Cys or p.Arg306Cys mutations, while a higher

© 2014 Lippincott Williams & Wilkins

proportion of those with a p.Argl68", p.Arg270", or large
deletion”® mutations were enterally fed (P=0.13) (Table 1).

Relationships Between Previous Mealtime Issues
and Later Feeding Method

Data on mealtime issues were available in 2009 for the
majority (135/166) of females who later fed orally in 2011, and
had never been fed enterally. For those who ever had enteral
feeding (n = 63), 57% (36/63) of their families provided data on
mealtime issues when fed orally as reported in the questionnaire
prior to gastrostomy insertion. Close to two fifths with a
gastrostomy (36%, 13/36) had previously been perceived as
eating less than expected, compared with 10% (13/126) in the
oral feeding group (P =0.001) (Table 2). Families of about one-
sixth (17%, 3/18) of those with a gastrostomy had had serious
concerns about food intake, in contrast to 7% (10/134) of those
whose child was fed orally (P =0.19). A larger difference was
observed for concerns about fluid intake (gastrostomy: 50%
14/29; oral feeding: 28% 38/134; P =0.05). Coughing during
feeding was previously more common among those in the
gastrostomy group (68% 21/31) when compared with their
orally fed counterparts (12%, 16/135, P <0.001), as was
choking (39%, 12/31, P<0.001) and gagging (29%, 9/31,
P <0.001) (Table 2).

Feeding Difficulties During Oral Feeding

Of the 166 females identified in the 2011 questionnaire as
exclusively orally fed and with no history of enteral feeding,
slightly more than half (55%, 90/164) of families thought the
quantity of food eaten by their child was about right, whereas
15% (25/164) considered the amount was less than expected and
30% (49/164) more than expected. Compared with their adult
peers, girls <7 years were more likely to eat less than expected
than their adult peers (odds ratio [OR] 4.99; 95% confidence

www.md-journal.com | 3
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TABLE 2. Prevalence of Previous Mealtime Issues and Their Relationship With Later Feeding Method™

Later Feeding Method

Oral’ (N=135)

Enteral” (N =36)

Previous Mealtime Issues n/N (%) n/N (%) P Value®

Quantity of food eaten
Less than expected 13/126 (10) 13/36 (36)
About right 81/126 (64) 19/36 (53) 0.001
More than expected 32/126 (25) 4/36 (11)

Concern about adequate food intake
Serious 10/134 (7) 3/18 (17) 0.19
Mild 124/134 (93) 15/18 (83)

Concern about adequate fluid intake
Serious 38/134 (28) 14/29 (48) 0.05
Mild 96/134 (72) 15/29 (52)

Coughing during feeding
Yes 16/135 (12) 21/31 (68) <0.001
No 119/135 (88) 10/31 (32)

Choking during feeding
Yes 3/135 (2) 12/31 (39) <0.001
No 132/135 (98) 19/31 (61)

Gagging during feeding
Yes 2/135 (1) 9/31 (29) <0.001
No 133/135 (99) 22/31 (71)

* Because of missing data, some denominators in the table are less than expected. Also, the percentages within each question may not equal 100%

due to rounding.

Never had gastrostomy surgery and was reported to have been fed orally in the 2011 follow-up questionnaire.
Has been fed enterally as reported in any of the 6 follow-up questionnaires.

$ P value for the Fisher exact test of equal proportions.

interval [CI] 1.26, 19.71), and their families or carers were more
likely concerned about food intake (OR 4.50; 95% CI 1.10,
18.35). Adjusted for age, mutation type was not associated with
family’s perception of food intake (Table 3).

Two-thirds (65%, 108/166) of families reported at least
some coughing during feeding and a smaller proportion choking
(31%, 51/166) or gagging (37%, 61/166). In 2011, coughing
was more likely to be associated with the presence of a large
deletion (OR 5.58; 95% CI 1.22, 25.58), p.Argl68™ (OR 4.69;
95% CI 1.19, 18.50), or p.Arg306Cys (OR 4.42; 95% CI 1.10,
17.77) mutations compared to the p.Argl33Cys mutation
(Table 3). Using pureed food as the reference category, higher
odds of coughing were observed with liquids (OR 3.66; 95% CI
2.55, 5.25) or solid food (OR 1.82; 95% CI 1.36, 2.43) after
adjusting for age group and mutation. Compared to those with
p.Argl33Cys, females with a p.Argl68" mutation had higher
odds of choking when being fed (OR 5.88; 95% CI 1.27,27.24).
After adjusting for age and mutation, liquid (OR 2.14; 95% CI
1.47, 3.09) and solid (OR 1.69; 95% CI 1.15, 2.47) foods were
more likely than pureed foods to be associated with choking.
Gagging was more likely to occur in those with p.Arg168™ (OR
4.94; 95% CI 1.30, 18.81), p.Arg306Cys (OR 4.52; 95% CI
1.05, 19.52), and early truncating (OR 4.30; 95% CI 1.04,
17.85) mutations after adjusting for age group. Compared to
pureed food, solids (but not liquids) increased the odds of
gagging (OR 2.99; 95% CI 1.88, 4.75) (Table 3).

Over half (57%, 94/164) of females stopped eating or
drinking at some period, more than half of episodes (54%,
58/108) occurring when unwell. Mealtimes were prolonged

4 | www.md-journal.com

(>20 minutes) for just under half (45%, 74/166) of those
who were fed orally. Compared to adults, those <7 years
had slightly increased odds (OR 1.83; 95% CI 0.68, 4.86) of
prolonged mealtimes (Table 3).

Satisfaction With Gastrostomy

The median age at surgery was 8 years 11 months (range
1 year to 35 years and 4 months) and satisfaction data were
provided by 63 families at a median period of 6 years 7 months
following the procedure. Reasons for gastrostomy/jejunostomy
insertion were provided by the carers of 47 females, and
included insufficient food and/or fluid intake (48%), feeding
difficulties (23%), poor weight gain (13%), temporary illness
(9%), and administration of medications (7%). The mean pre-
surgery weight-for-age z-score was —3.50 (n=42) that
increased, on average, by 0.86 (95% CI 0.41, 1.31) at approxi-
mately 2 years postsurgery.

In general, carers were satisfied with the surgical pro-
cedure and would recommend it to others in similar circum-
stances (median score 5; interquartile range [IQR] 5,5). They
felt less anxious (median score 5; IQR 4,5) and more optimistic
in caring for their child (median score 5; IQR 5,5) (Table 4). The
majority of carers (>85%) were satisfied with outcomes of
reduced feeding difficulties, weight gain, improved general
well-being and happiness, and greater ease of daily care.
Approximately two thirds were satisfied with outcomes in
relation to vomiting, abdominal bloating, and fatigue through-
out the day (Table 5).

© 2014 Lippincott Williams & Wilkins
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TABLE 3. Multivariable Logistic Regression Analysis of Feeding Difficulty Occurrence by Age Group, Mutation Type, and Food Texture® Among 166 Females Who Were
Reported as Orally Fed in the 2011 Family Questionnaire With No History of Gastrostomy

Lower Than Expected Strong Concern About  Strong Concern About Meal time
Food Intake Food Intake Fluid Intake Coughing Choking Gagging >20 minutes
n 133 151 159 153 154 151 160
OR' (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age group
<7y 4.99 (1.26,19.72) 4.50 (1.10,18.35) 2.24 (0.79,6.36) 1.63 (0.70,3.84) 1.49 (0.56,4.02) 1.66 (0.72,3.86) 1.83 (0.68,4.86)
8-12y 3.66 (0.91,14.69) 3.45 (0.83,14.32) 1.79 (0.64,5.00) 1.55 (0.66,3.64) 1.52 (0.59,3.91) 2.20 (0.91,5.35) 1.15 (0.45,2.96)
13-17y 2.16 (0.60,7.86) 0.42 (0.05,3.85) 1.67 (0.62,4.49) 1.06 (0.48,2.36) 0.34 (0.08,1.46) 0.74 (0.26,2.10) 0.94 (0.38,2.33)
>18y 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Mutation type
CT

0.61 (0.08,4.51)

0.94 (0.05,17.56)

0.46 (0.07,3.07)

1.92 (0.56,6.54)

2.33 (0.48,11.32)

1.45 (0.29,7.36)

1.09 (0.26,4.50)

ET — 1.27 (0.07,24.52) 3.76 (0.64,22.17) 2.56 (0.68,9.55) 4.18 (0.92,18.88)  4.30 (1.04,17.85)  0.46 (0.08,2.59)
LD — — 0.91 (0.12,6.67) 5.58 (1.22,25.58)  3.08 (0.58,16.46)  4.08 (0.87,19.17)  0.89 (0.16,4.94)
p.Argl06Trp 1.66 (0.18,15.02) 2.51 (0.11,57.09) 2.16 (0.32,14.83) 1.85 (0.30,11.53) 6.09 (0.74,50.09)  4.24 (0.67,26.91)  0.68 (0.11,4.21)
p.Argl33Cys 1.00 1.00 1.00 1.00 1.00 1.00 1.00
p.Argl68% 1.12 (0.15,8.07) 0.88 (0.04,18.05) 0.89 (0.15,5.39) 4.69 (1.19,18.50) 5.88 (1.27,27.24) 494 (1.30,18.81)  0.27 (0.05,1.46)
p.Arg255% —_ 1.40 (0.07,29.22) 2.91 (0.46,18.60) 5.02 (0.99,25.58) 2.19 (0.36,13.28)  0.67 (0.15,3.02) 0.83 (0.14,4.75)
p.Arg270% 1.34 (0.16,11.45) 2.03 (0.09,43.45) 2.52 (0.42,14.93) 2.27 (0.47,11.03) 0.94 (0.08,10.68) 1.58 (0.22,11.35) 1.18 (0.22,6.26)
p.Arg294x 1.05 (0.14,8.09) 3.67 (0.27,50.78) 0.70 (0.10,4.76) 1.91 (0.50,7.35) 1.41 (0.21,9.33) 2.68 (0.60,11.95)  0.56 (0.12,2.73)
p.-Arg306Cys 0.45 (0.04,5.26) 1.94 (0.10,38.28) 1.92 (0.34,10.68) 442 (1.10,17.77)  2.80 (0.47,16.77)  4.52 (1.05,19.52)  0.69 (0.14,3.47)
p.Thr158Met 0.51 (0.06,4.26) 4.56 (0.37,55.76) 1.01 (0.19,5.44) 2.24 (0.64,7.89) 1.13 (0.23,5.43) 1.69 (0.42,6.70) 0.61 (0.14,2.74)
Other 0.97 (0.15,6.10) 2.92 (0.25,33.73) 1.75 (0.38,8.15) 4.86 (1.32,17.81) 3.38 (0.76,15.00)  4.31 (1.14,16.22)  0.67 (0.17,2.69)
Negative 1.37 (0.24,7.88) 2.30 (0.17,31.24) 2.65 (0.63,11.12) 3.09 (1.02,9.31) 1.02 (0.20,5.35) 2.36 (0.70,8.02) 1.26 (0.35,4.58)
Food texture
Liquid 3.66 (2.55,5.25) 1.97 (1.45,2.67) 1.33 (0.90,1.98)
Puree food 1.00 1.00 1.00
Solid food 1.82 (1.36,2.43) 1.74 (1.26,2.40) 2.99 (1.88,4.75)

* For coughing, choking, or gagging during mealtime only.

T Adjusted for age group and mutation type.

fOR of lower than expected food intake versus expected or more than expected food intake.CI = confidence interval, CT = C-terminal, ET = early truncating, LD = large deletion, OR = odds ratio.
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TABLE 4. Scores of Parent-Rated Satisfaction With Individual Aspects of Gastrostomy Care

Aspect of Care n Mean (SD) Median (IQR)
Pre-admission Information provided 62 4.21 (0.79) 4 (4-5)
Clinical care 61 4.31 (0.81) 4 (4-5)
During surgery Surgical care 60 4.48 (0.72) 5(4-95)
Postoperative Clinical care 63 4.13 (1.07) 4 (4-5)
Pain assessment 61 3.98 (1.06) 4 (4-5)
Pain management 61 4.03 (1.02) 4 (4-5)
Staff understanding 61 2.98 (1.23) 3(2-4)
Parent’s training 60 3.87 (1.08) 4 (4-5)
Discharge Support provided by hospital 62 3.71 (1.11) 4 (3-4)
IQR = interquartile range, SD = standard deviation.
Responses to the open-ended questions were provided by DISCUSSION

the majority of caregivers (92%, 58/63) and themes related to
the health of their daughter, family burden and stress, and
relationships with health care providers (Table 6). Many
described benefits for their daughter’s health including weight
gain, better respiratory health, and improved energy levels. A
small proportion described complications ranging from minor
wound problems such as granulation to a more serious adverse
effect of catheter migration. One family discussed the compat-
ibility of gastrostomy with continued oral feeding that was
pleasurable for their daughter. Many families valued more
efficient care routines in relation to feeding and administration
of medications via gastrostomy, and reduced worry and stress
in relation to mealtime procedures and their daughter’s health.
Health care providers played important roles in decision-
making processes, ongoing management, and education on
day-to-day care and routine gastrostomy changes, and relation-
ships that were mutually respectful were highly valued
(Table 6).

Oral feeding in Rett syndrome is frequently associated
with feeding difficulties, including coughing in two thirds and
choking and gagging in approximately one third, which
occurred more frequently in those with a p.Argl68™ mutation
and in those who were later to receive a gastrostomy. Gastro-
stomy was utilized in approximately one quarter of the
Australian Rett syndrome population and consistently resulted
in weight gain. Families were satisfied with the gastrostomy
procedure and reported improvements in their daughter’s health
and reduced family stress and burden during daily care acti-
vities.

Using longitudinal data in the ARSD, we found that
coughing and choking during meals and to a lesser extent
MECP2 genotype predicted the likelihood of gastrostomy.
Genotype in Rett syndrome contributes to many aspects of
phenotype including clinical severity,® functional abilities,*
and comorbidities such as epilepsy.’ In Rett syndrome,
C-terminal deletions, and p.Argl33Cys and p.Arg306Cys

TABLE 5. Parent Satisfaction With Changes in Feeding, Health and Well-Being, and Care of Their Daughter Following Gastrostomy

Surgery”
Strongly Strongly
Agree, Agree, Neither, Disagree, Disagree,
n (%) n (%) n (%) n (%) n (%)
Feeding Reduction in feeding difficulty (n=50) 27 (54) 18 (36) 3(6) 1(2) 1(2)
Reduction in coughing/choking (n=43) 17 (40) 19 (44) 5(12) 1(2) 1(2)
Reduction in fatigue during feeding (n=37) 15 (41) 17 (46) 3(8) 13 13
Reduction in vomiting (n=29) 14 (48) 7 (24) 5(17) 2(7) 1(3)
Health status Weight gain (n=47) 26 (55) 17 (36) 3 (6) 1(2) —
Fewer respiratory infections (n=45) 14 (31) 20 (44) 5(11) 5(11) 1(2)
Reduction in abdominal bloating (n=39) 11 (28) 13 (33) 8 (21) 7 (18) —
Reduction in fatigue during day (n=38) 14 (37) 9 (24) 11 (29) 3(8) 1(3)
Well-being Enhanced health and well-being (n=57) 31 (54) 23 (40) 2 (4) 1(2) —
Enhanced level of happiness (n=50) 20 (40) 26 (52) 3 (6) 1(2) —
Care Ease of giving medications (n=58) 44 (76) 14 (24) — — —
Less time taken to feed (n=50) 24 (48) 19 (38) 5 (10) 2(4) —
Less frequent feeds per day (n=43) 15 (35) 22 (51) 5(12) 1(2) —

* Numbers refer to those in the sample of 66 who perceived this aspect to be a problem preoperatively, giving a different denominator for each aspect

of health and functioning.
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TABLE 6. Themes and Sample Quotes Describing Satisfaction Following Gastrostomy

Theme (n, % Phrases)

Sample Positive Quotes

Sample Negative Quotes

Family outcomes

Health care
professional
support

Benefits to health and well-
being (27, 30%)

Complications (4, 4%)

Food and fluid intake when
unwell (3, 3%)
Can still eat orally (1, 1%)

Reduced burden of care (19,
21%)

Reduced family/carer stress
(11, 12%)

Coordinated model of care
(14, 16%)

Productive relationships
with health care providers
(12, 13%)

My daughter is nearly 29 and she is healthy and happy and more
responsive than she has ever been.

Reduced the aspiration pneumonia admissions to hospital.

A gastrostomy is one of the best things we have done for her. It enabled
weight gain so she could cope with spinal fusion surgery a few years
later.

If she is unwell, we can still administer food, hydration, and medication
via her PEG. A very satisfactory outcome!

It is compatible with oral feeding and she still loves her food and gets
that pleasure and fun. Even with a gastrostomy, she can still chew
pieces of schnitzel.

It is much easier to manage her medications (including constipation
management) and her food intake.

The gastrostomy was easy to care for, and did not cause any pain. It has
been the best thing we ever did.

She was so underweight before, just starving, so it was just such a relief
to be able to feed her.

Knowing she was not hungry and getting the nourishment she needs.

Having the gastrostomy has made feeding a lot less stressful, it may still
be time consuming, but there is no battle any more, we enjoy
mealtimes.

We were extremely well prepared by the time we were discharged
home from the hospital.

The PEG outreach team have been extremely supportive and
understood the issues. They will change the PEG 6 monthly although
I have done it on occasions.

Time given to us to come to terms with this was the best option for our
daughter.

The Gastroenterologist was a gem — she was very reassuring,
encouraging, and supportive, so was the clinical nurse working with
us and all staff at the hospital.

Occasionally, it gets red and sore because of acid
leakage, but otherwise it is great.

Because of her anatomy, the gastrojejunostomy tube
eroded the wall of her small bowel twice in 2 years.
She now has a tunneled jejunostomy tube.

The registered nurse from the gastrostomy team was rude
and had no time for us.

PEG = percutaneous endoscopic gastrostomy.
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mutations are associated with a milder phenotype and mutations
such as large deletions, g.Arg168* and p.Arg270™ with a more
severe phenotype.>?*~2° Our study findings were consistent
with these observations. For example, those with a mutation
usually associated with a milder phenotype, including C-term-
inal deletions previously found to be associated with better
growth,?> were more likely to feed orally and less likely to
experience feeding difficulties during meals. Conversely, those
with the more severe mutations such as p.Argl68™ and large
deletions were somewhat more likely to experience feeding
difficulties and undergo gastrostomy.

Coughing, choking, and gagging during feeding are likely
associated with altered muscle tone and oromotor incoordina-
tion® and are important mechanisms to prevent aspiration.
Their frequencies in our Rett syndrome cohort suggest that
the airways are at risk. Caregiver reports of food texture
preferences and tolerance therefore form a part of clinical
assessment and may indicate the need for formal assessments
such as video fluoroscopy.'® Use of pureed foods rather than
solid, liquid, or mixed textures was associated with fewer
feeding difficulties, and clinical assessment can inform recom-
mendations to modify food texture.'® The presence of coughing
and choking was nevertheless associated with later gastro-
stomy. Children who later received a gastrostomy were often
perceived previously as eating less than an adequate quantity of
food. However, this was not always the case suggesting that
clinical discussions regarding growth should extend beyond
parent report of adequate food intake. Together with other
clinical signs such as the growth trajectory, our findings
provide guidance for clinicians when counseling on need
and value of gastrostomy.

The decision to consent to gastrostomy is often difficult
for families but satisfaction following gastrostomy is high in a
ran%e of conditions associated with developmental disabil-
ity."27 We also investigated satisfaction in relation to hospital
procedures and later child and family outcomes. Strong family
satisfaction with hospital procedures extended to education
and ongoing coordination of care procedures following dis-
charge, supporting the value of current protocols.”® Lowest
satisfaction levels related to the lack of understanding of Rett
syndrome by ward staff, indicating that general nursing staff
need ongoing education to support their management of com-
plex disability. Our Australian experience contrasts favorably
with a previously reported qualitative study from the United
Kingdom in which families judged that preparation was
inadequate in terms of both information and implications for
their later lifestyle, and felt excluded from the decision-making
processes.

As in a US clinical sample,'’ we documented weight gain
following gastrostomy in our population-based sample. Motil
etal'® also demonstrated increased height in response to enteral
feeding but height was infrequently reported in the clinical
records and we were unable to assess this relationship. Together
with reduced feeding time and easier administration of medi-
cations, this likely contributed to parents feeling less stressed
about their daughter’s care and her general health and well-
being. Air swallowing and subsequent abdominal bloating
occurred in approximately 50% of one population-based
sample®® and gastrostomy has been recommended for venting
excess gas from the stomach.®' In our study, gastrostomy eased
discomfort associated with gas accumulation in the stomach,
but if excess gas is located in the small and large bowel, venting
via a gastrostomy could be less effective. One family expressed
dissatisfaction because their child experienced the complication
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of catheter migration into the small bowel (a rare complication
reported in 2% of 329 children who underwent gastrostomy).>?
Families were more concerned about their daughter’s feeding
during the early years when they were also coming to terms with
the new challenges of their daughter’s diagnosis.

The Australian Rett Syndrome Database is population
based and has collected comprehensive data longitudinally
since 1993,'7 giving generalizability to our findings. Impor-
tantly, we have identified almost all females with Rett syndrome
in Australia who had a gastrostomy since 1993 and administered
consistent questions about feeding difficulties, enabling us to
examine predictive clinical factors for gastrostomy. Our
response fraction for the current study was also high. We were
unable to include the whole population in our analysis of the
implications of feeding difficulty for later gastrostomy because
some were recruited following gastrostomy. Based on review of
the literature and family input, we developed a family satis-
faction questionnaire in relation to gastrostomy and later child
and family outcomes for inclusion in the 2011 follow-up
questionnaire. Families were keen to report on their experiences
because for many, it had been difficult to accept a gastrostomy
and potentially reject the sensory and social benefits of oral
feeding for their daughter. We acknowledge that we found little
variability in levels of satisfaction and that consistent with
Cognitive Dissonance Theory,* parents are more likely to
report favorably since they consented to the procedure. As a
counterpoint to this limitation, the open-ended questions pro-
vided opportunity for both positive and negative aspects.
Despite this, the themes we identified were still overwhel-
mingly positive. Our documented weight gain helped to more
fully articulate the clinical outcomes. Clinical outcomes and
family satisfaction are both important components of the quality
care outcomes framework'® and were consistently positive in
this study. A proportion of our subjects had not tested positively
for a pathogenic MECP2 mutation. We acknowledge that
genetic testing for women with a clinical diagnosis of Rett
syndrome has important roles to play, but a proportion of those
in our cohort who were older had not been tested for a MECP2
mutation because of its relative recent availability and some
families do not now want to revisit diagnostic processes.

Ongoing clinical care of females with Rett syndrome
includes regular monitoring of growth and its influencing
factors. Our study identified that coughing, choking, and gag-
ging during meals predict the need for gastrostomy that, in turn,
relieves symptoms and promotes weight gain. Clinicians should
initiate early discussion with families on the relative merits of
gastrostomy and provide emotional support for decision mak-
ing. Our data may be applicable to a wide range of diagnoses
associated with disability, feeding difficulties, and poor weight
gain.

ACKNOWLEDGMENTS

We thank the families participating in the Australian Rett
Syndrome Database and gratefully acknowledge their continued
contribution to the study of Rett Syndrome in Australia. We
would also like to express our sincere gratitude to all the
Australian families who have contributed to the study by
completing questionnaires, the Australian Paediatric Surveil-
lance Unit (APSU) and pediatricians who report to the APSU,
and the Rett Syndrome Association of Australia who facilitated
case ascertainment in Australia. We also thank the pediatricians
and other health professionals who have been involved in Rett
syndrome surveillance.

© 2014 Lippincott Williams & Wilkins



Medicine * Volume 93, Number 28, December 2014

Gastrostomy in Rett Syndrome

REFERENCES

1.

10.

11.

13.

14.

16.

17.

Amir RE, Van den Veyver IB, Wan M, et al. Rett syndrome is
caused by mutations in X-linked MECP2, encoding methyl-CpG-
binding protein 2. Nat Genet. 1999;23:185-188.

. Fehr S, Bebbington A, Nassar N, et al. Trends in the diagnosis of

Rett syndrome in Australia. Pediatr Res. 2011;70:313-319.

. Bebbington A, Anderson A, Ravine D, et al. Investigating genotype-

phenotype relationships in Rett syndrome using an international data
set. Neurology. 2008;70:868—875.

. Ager S, Fyfe S, Christodoulou J, et al. Predictors of scoliosis in Rett

syndrome. J Child Neurol. 2006;21:809—813.

. Bao X, Downs J, Wong K, et al. Using a large international sample

to investigate epilepsy in Rett syndrome. Dev Med Child Neurol.
2013;55:553-558.

. Motil KJ, Caeg E, Barrish JO, et al. Gastrointestinal and nutritional

problems occur frequently throughout life in girls and women with
Rett syndrome. J Pediatr Gastroenterol Nutr. 2012;55:292-298.

. Tarquinio DC, Motil KJ, Hou W, et al. Growth failure and outcome

in Rett syndrome: specific growth references. Neurology.
2012;79:1653-1661.

. Reilly S, Cass H. Growth and nutrition in Rett syndrome. Disabil

Rehabil. 2001;23:118-128.

. Baikie G, Ravikumara M, Downs J, et al. Gastrointestinal dysmoti-

lity in rett syndrome. J Pediatr Gastroenterol Nutr. 2014;58:244—
251.

Leonard H, Ravikumara M, Baikie G, et al. Assessment and
management of nutrition and growth in Rett syndrome. J Pediatr
Gastroenterol Nutr. 2013;57:451-460.

Catto-Smith AG, Jimenez S. Morbidity and mortality after percuta-
neous endoscopic gastrostomy in children with neurological disabil-
ity. J Gastroenterol Hepatol. 2006;21:734-738.

. Martinez-Costa C, Borraz S, Benlloch C, et al. Early decision of

gastrostomy tube insertion in children with severe developmental
disability: a current dilemma. J Hum Nutr Diet. 2011;24:115-121.

Wilson M, Gosche J, Bishop P, et al. Critical analysis of caregiver
perceptions regarding gastrostomy tube placement. Pediatr Int.
2010;52:20-25.

Mahant S, Jovcevska V, Cohen E. Decision-making around gastro-
stomy-feeding in children with neurologic disabilities. Pediatrics.
2011;127:¢1471-e1481.

. Motil KJ, Morrissey M, Caeg E, et al. Gastrostomy placement

improves height and weight gain in girls with Rett syndrome.

J Pediatr Gastroenterol Nutr. 2009;49:237-242.

Long AF, Dixon P, Hall R, et al. The outcomes agenda: contribution
of the UK clearing house on health outcomes. Qual Health Care.
1993;2:49-52.

Downs J, Bebbington A, Woodhead H, et al. Early determinants of
fractures in Rett syndrome. Pediatrics. 2008;121:540-546.

© 2014 Lippincott Williams & Wilkins

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Neul JL, Kaufmann WE, Glaze DG, et al. Rett syndrome: revised

diagnostic criteria and nomenclature. Ann Neurol. 2010;68:944-950.

. Buyse IM, Fang P, Hoon KT, et al. Diagnostic testing for Rett

syndrome by DHPLC and direct sequencing analysis of the MECP2
gene: identification of several novel mutations and polymorphisms.
Am J Hum Genet. 2000;67:1428-1436.

Erlandson A, Samuelsson L, Hagberg B, et al. Multiplex ligation-
dependent probe amplification (MLPA) detects large deletions in the
MECP2 gene of Swedish Rett syndrome patients. Genet Test.
2003;7:329-332.

Christodoulou J, Grimm A, Maher T, et al. RettBASE: the IRSA
MECP2 variation database — a new mutation database in evolution.
Hum Mutat. 2003;21:466-472.

Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts
for the United States: methods and development. Vital Health Stat
11. 2002;246:1-190.

Downs J, Bebbington A, Jacoby P, et al. Level of purposeful hand
function as a marker of clinical severity in Rett syndrome. Dev Med
Child Neurol. 2010;52:817-823.

Bebbington A, Downs J, Percy A, et al. The phenotype associated
with a large deletion on MECP2. Eur J Hum Genet. 2012;20:921—
927.

Bebbington A, Percy A, Christodoulou J, et al. Updating the profile
of C-terminal MECP2 deletions in Rett syndrome. J Med Genet.
2010;47:242-248.

Leonard H, Colvin L, Christodoulou J, et al. Patients with the
R133C mutation: is their phenotype different from Rett syndrome
patients with other mutations? J Med Genet. 2003;40:e52.

Craig GM, Scambler G, Spitz L. Why parents of children with
neurodevelopmental disabilities requiring gastrostomy feeding need
more support. Dev Med Child Neurol. 2003;45:183—188.

NHS Quality Improvement Scotland. Caring for children and young
people in the community receiving enteral tube feeding: Best
Practice Statement — Sep 2007 Edinburgh: NHS QIS; 2007.

Brotherton A, Abbott J. Clinical decision making and the provision
of information in PEG feeding: an exploration of patients and their
carers’ perceptions. J Hum Nutr Diet. 2009;22:302-309.

Colvin L, Fyfe S, Leonard S, et al. Describing the phenotype in Rett
syndrome using a population database. Arch Dis Child. 2003;88:38—
43,

Morton RE, Pinnington L, Ellis RE. Air swallowing in Rett
syndrome. Dev Med Child Neurol. 2000;42:271-275.

Lalanne A, Gottrand F, Salleron J, et al. Long-term outcome of
children receiving percutaneous endoscopic gastrostomy feeding.
J Pediatr Gastroenterol Nutr. 2014;59:172—-176.

Redelmeier DA, Dickinson VM. Determining whether a patient is
feeling better: pitfalls from the science of human perception. J Gen
Intern Med. 2011;26:900-906.

www.md-journal.com |9



	Experience of Gastrostomy Using a Quality Care Framework: The Example of Rett™Syndrome
	INTRODUCTION
	METHODS
	Statistical Analysis

	RESULTS
	Relationships Between Previous Mealtime Issues and Later Feeding Method
	Feeding Difficulties During Oral Feeding
	Satisfaction With Gastrostomy

	DISCUSSION
	Acknowledgments


