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Abstract
Objective—In 2005 the Cystic Fibrosis (CF) Foundation recommended that children with CF
maintain a body mass index (BMI) ≥50th percentile. Our study evaluated if gastrostomy (GT)
placement increases the likelihood of reaching that goal compared to a standardized nutrition
protocol.

Study design—Retrospective study of 20 children with CF ages 2–20 years with GTs placed
from 2005–2010. Each case was pair-matched on age, sex, pancreatic status, BMI and lung
function with a non-GT child with CF. Outcome measures included nutritional status and lung
function at 6 months and 1 year.

Results—At baseline, mean±SD BMI Z-scores were similar (cases −1.19±0.60, controls
−1.10±0.50; p=0.10). Cases had a significant 6-month increase in mean BMI Z-score to
−0.29±0.84 compared to −1.02±0.67 for controls (p<0.001). By 1 year, the change in mean BMI
Z-score was less different (cases −0.41±0.76, controls −0.71±0.51; p=0.07). Both groups had
stable lung function. From exact logistic regression analysis, the odds ratio for cases compared to
controls of reaching BMI≥50th percentile was 9.70 (95% CI:1.05–484.7;p=0.04) at 6 months and
3.65 (95%CI:0.69–25.86;p=0.16) at 1 year.

Conclusion—Our study suggests that children with CF who receive GTs are more likely to
achieve BMI≥50th percentile than matched children without GTs.
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Introduction
Cystic fibrosis (CF) is an autosomal recessive disease that affects approximately 70,000
individuals worldwide. It is marked by progressive decline in lung function and
malnutrition. In 2005 an expert panel convened by the CF Foundation recommended that
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body mass index (BMI) percentiles be used to assess growth and that children and
adolescents ages 2–20 years maintain BMI≥50th percentile for age 1. The latter
recommendation is based on data demonstrating that patients with CF who maintain their
growth within a normal range are more likely to have better pulmonary function and
improved survival 2–4. Additionally, a faster rate of weight gain over a 2-year period has
been shown to lead to better lung function 5.

According to the CF Foundation’s 2009 Annual Patient Registry Data Report 6, the median
BMI percentile for patients 2–20 years of age remains below the desired goal at 48.7%. A
variety of strategies have been investigated to improve the nutritional status of individuals
with CF, including nutrition education, oral dietary supplementation and behavioral
interventions, with variable success 7–13. Supplemental feedings via a gastrostomy (GT)
have also been widely used in CF, and a number of retrospective case reports have
suggested that GTs lead to increases in BMI 14–20. However, GT placement is invasive and
carries multiple risks, including local organ perforation, infection and pain 21. To date, there
have been no studies comparing the growth rates of CF patients with GTs to those without
GTs.

The primary aim of this study was to evaluate if children with CF who have a BMI<50th

percentile and receive supplemental feeds via a GT are more likely to achieve BMI≥50th

percentile than matched children who are managed according to a standardized nutrition
protocol but do not receive GTs. The secondary aims were to evaluate the effects of GT
placement and supplemental nutrition on lung function and the number of hospitalizations
required for pulmonary exacerbation and to describe the occurrence of complications during
and after GT placement in this patient population.

Methods
This is a retrospective cohort study of patients 2–20 years of age who received health care at
our CF Center and had GTs placed between January 2005 and April 2010. To be included in
the study, the patients also needed to have at least 1 year of post-GT data. Children were
excluded if they had GTs placed for reasons other than nutritional supplementation. Each of
these “cases” was pair-matched with a child with CF who was also followed at our CF
Center but did not have a GT (“controls”). The cases and controls were matched at the time
the case received a GT based on the following criteria: age ± 2.5 years, sex, pancreatic
status, BMI percentile ± 10% and, if available, percent predicted forced expiratory volume
in one second (FEV1) ± 20%. The clinic visit just prior to GT placement for cases or at the
time of match for controls is referred to as the “index visit”. The CF Foundation Patient
Registry database and hospital medical records were used for data collection. This study was
approved by the Johns Hopkins Institutional Review Board. The need for informed consent
was waived.

Demographic data obtained from the records included the following: ethnicity, date of CF
diagnosis, CF genotype (number of F508del mutations), pancreatic status, and history of an
airway infection with Pseudomonas aeruginosa, Burkholderia cepacia or methicillin-
resistant Staphylococcus aureus. In general, pancreatic status was determined by a
combination of CF genotype and fecal elastase values. The presence or absence of CF-
related diabetes and CF-related liver disease was also indicated.

At our institution, the nutrition of all children with CF is evaluated using a standardized
protocol as published by Leonard et al. 22 The protocol includes a systematic approach to
classifying nutritional status, patient and family education, and evaluation of caloric intake,
nutrient absorption and CF-related diabetes. For the controls, in addition to the standard
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nutritional evaluation and counseling, it was specified if they received oral nutritional
supplementation, an appetite stimulant and/or a gastroenterology (GI) referral for GT
placement at any time during a 1-year follow-up period.

For each of the cases, the following GT data were collected: technique used for GT
placement, length of hospital stay following the procedure with reason for prolonged
hospitalization if required, type of supplemental formula given via the GT and primary
schedule of administration, and complications encountered at the time of the procedure and
during the year of follow up. The examined complications were perforation of surrounding
organs, gastric wall separation, GT site lesion (i.e. granuloma), local GT site infection
requiring antibiotics, tube malfunction and pain at the GT site.

Nutritional and lung function data (including height, weight, BMI and percent predicted
FEV1) were obtained at the index visit, 6-month (±3 months) follow up and 1-year (±3
months) follow up. Height, weight and BMI Z-scores were calculated using CDC reference
equations. The number of hospitalizations required for pulmonary exacerbation during the 1-
year follow-up period was also noted.

Statistical analysis
Demographic and clinical characteristics were summarized with frequencies and
percentages, means and standard deviations (SDs) or medians and ranges. Cases were
compared to controls using appropriate matched-pairs analysis methods, i.e. McNemar’s test
for categorical measures and paired t-test or Wilcoxon signed rank test for continuous
measures. The proportion of cases and controls reaching the outcome of BMI≥50th

percentile at the 6-month and 1-year follow ups was compared using Fisher’s exact test, and
exact logistic regression analysis was used to estimate the odds ratio (OR) and confidence
interval (CI). Analysis was performed using SAS version 9.22 (SAS Institute, Inc., Cary,
NC). All reported p values are two-sided.

Results
Twenty cases and controls were included in the study. Their demographic and clinical
characteristics at the time of the index visit are summarized in Table I. For each of the listed
characteristics, there were no statistically significant differences between the two groups.
FEV1 percent predicted data was available for 14 cases and 13 controls at the time of the
index visit; this subgroup of subjects had respective mean±SD ages of 11.1±3.4 years and
11.9±3.3 years.

Percutaneous endoscopic gastrostomies (PEGs) were placed in 19 cases by pediatric
gastroenterologists, and 1 child had an open gastrostomy performed by the pediatric surgical
service. PEGs were completed using the standard “pull technique” under general anesthesia
with endotracheal intubation; the EndoVive 18-French One-Step Button kit (Boston
Scientific Corporation, Natick, MA) was used for 10 patients and the Bard Ponsky 20-
French Pull kit (Bard Access Systems, Salt Lake City, UT) for the remainder. Fifteen
children were admitted following GT placement for our standard protocol lasting 3 days and
2 nights. Five patients required an extended hospitalization: 4 needed additional
management of pain at the GT site and 1 developed a pulmonary exacerbation following the
procedure.

Eighteen cases were supplemented with a whole-protein formula, 1 with a partially
hydrolyzed formula, and 1 with an elemental formula. All of the cases received the formula
continuously overnight. A mealtime dose of pancreatic enzymes was given at the beginning
and the end of the feeds. At our institution, we follow the recommendation of Stallings et
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al. 1 with goal energy intake at 110–200% of the Dietary Reference Intake. When
supplemental feedings via a GT are initiated, approximately 50% of the estimated caloric
needs are delivered via the GT. Adjustments are made as needed based on the individual’s
weight gain and tolerance.

No patient suffered perforation or gastric wall separation during GT placement. Between the
time of placement and the 6-month follow up, 7 patients developed a GT site lesion such as
a granuloma, 2 patients had a local infection requiring antibiotics, and 1 patient had a tube
malfunction; 50% of the cases experienced no complications during this period. All cases
reported still using the GT for formula supplementation as of the 6-month visit. Between 6
months and 1 year, 3 patients were noted to have a GT site lesion and 1 patient complained
of pain at the GT site; 80% of the patients developed no complications in this time frame.
By 1 year, 1 child was no longer receiving supplemental nutrition via the GT at the family’s
discretion because of a sustained improvement in BMI.

As of the 6-month visit, in accordance with the nutrition protocol, 6 controls had been
advised to take oral supplements and 4 were prescribed an appetite stimulant. One patient
was referred to GI for GT placement but did not follow through with a clinic visit. Between
6 months and 1 year, 6 controls were encouraged to take oral supplements and 2 were given
an appetite stimulant; no patients were referred to GI. Of note, 1 of these patients was
offered both oral nutritional supplementation and an appetite stimulant.

Table II summarizes height, weight and BMI Z-scores and FEV1 percent predicted data for
the cases and controls at each of the follow-up visits. The distribution of BMI Z-scores at the
index visit, 6-month follow up and 1-year follow up are presented in Figure I. At 6 months,
the mean±SD BMI Z-score for the cases had improved 0.90±0.89 from baseline compared
to only 0.08±0.56 for controls (p<0.001). The mean weight Z-score increased 0.68±0.61 for
cases and 0.05±0.31 for controls (p<0.001), while the change in mean height Z-score was
similar between the two groups (0.05±0.23 for cases vs. 0.03±0.17 for controls; p=0.77). At
1 year, the cases continued to have a higher mean BMI Z-score than the controls, but the
difference from baseline was attenuated and no longer achieved statistical significance
(0.78±0.90 vs. 0.38±0.52; p=0.07). The change in mean weight Z-score was statistically
significant (cases 0.65±0.63 vs. controls 0.20±0.29; p=0.01), but the change in mean height
Z-score was again comparable (cases 0.11±0.26 vs. controls 0.00±0.25; p=0.29).

At the 6-month follow-up visit, 7 (35%) of the cases and 1 (5%) of the controls reached
BMI≥50th percentile (p=0.04). Cases were almost 10 times as likely to reach BMI≥50th

percentile at 6 months compared to controls (OR=9.70; 95% CI:1.05–484.7). At the 1-year
follow up, 8 (40%) of the cases and 3 (15%) of the controls had reached BMI≥50th

percentile (p=0.16), resulting in an OR of 3.65 (95% CI:0.69–25.86).

The groups were similar in the change in mean FEV1 percent predicted from the index visit
to the follow-up visits (p=0.46 at 6 months, p=0.17 at 1 year). Additionally, there were no
statistically significant differences between the cases and controls in the number of
hospitalizations required for pulmonary exacerbation. From the index visit to the 6-month
follow up, 4 cases and 6 controls each required 1 hospitalization while the rest had no
hospitalizations (p=0.69). Between the 6-month and 1-year visits, 5 cases each had 1
hospitalization, 1 case had 2 hospitalizations, and 2 controls had 1 hospitalization (p=0.23).

Discussion
To our knowledge, this is the first pair-matched study evaluating the outcomes of children
with CF who receive GTs. Our results indicate that children with CF who have a BMI<50th

percentile for age and receive a GT are almost 10 times as likely to reach BMI≥50th
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percentile at 6 months compared to matched patients who do not receive GTs. The patients
with GTs are still 3.65 times as likely to reach BMI≥50th percentile by 1 year, although this
result does not achieve statistical significance. Our findings are noteworthy because studies
have suggested that more rapid and consistent weight gain in CF is associated with
improved lung function. Peterson et al. 5 followed children with CF for 2 years and
evaluated how their weight gain patterns affected their pulmonary function. The authors
demonstrated that children who had a faster 2-year rate of weight gain tended to have better
FEV1 values. McPhail et al. 23 analyzed the effects of BMI on lung function in another
cohort of children with CF. Baseline BMI percentile and rate of change of the BMI
percentile were both positively associated with the slope of FEV1 percent predicted as
calculated for ages 6 to 12 years.

Optimization of growth and nutrition is essential to the management of CF 2. Although there
have been numerous studies looking at methods by which nutrition in patients with CF can
be enhanced, the results have not been that encouraging. For example, Stark et al. 7

evaluated both behavioral intervention and nutrition education. The combination of
interventions was more effective than nutrition education alone at increasing weight over a
9-week period, but there was no significant difference in weight between the treatment
groups at the end of a 2-year period. Additionally, Kalnins et al. 8 compared the use of
dietary supplements with dietary counseling in adolescents and adults with CF and found no
significant difference in nutritional parameters between the groups after 3 months.

Our data is consistent with several retrospective studies that have demonstrated that the
administration of supplemental feedings via a GT can improve weight gain in patients with
CF. For example, Efrati et al. 14 reviewed 21 children with CF who had GTs placed between
1992 and 2001. In the first 2 years following placement, the mean weight Z-score increased
significantly. While the mean BMI Z-score also increased significantly during the first year,
there was minimal change during the second year of follow up. Additionally, mean FEV1
decreased significantly during the first year of gastrostomy feeding, but it showed a trend
towards improvement during the second year. Truby et al. 15 reviewed the outcomes
following GT placement for 14 children who had the procedure performed between 1999
and 2005. Similar to the previous study, there was a significant increase in mean BMI Z-
score during the first year of follow up with no significant change during the second year.
Furthermore, mean FEV1 remained stable over 2 years. These results suggest that GTs can
lead to significant improvements in BMI in at least the first year after placement in patients
with CF. However, these studies are limited because they are retrospective and lack a
comparison group.

A major strength of our study is that it compares the outcomes of children with CF who
received GTs for nutritional supplementation to matched patients who did not receive GTs
but were managed using a rigorous, structured nutrition protocol shown to significantly
improve BMI 22. Use of this protocol increased the number of children with BMI≥50th

percentile by 11.8% over a 15-month period at our CF center. The children in our study who
received GTs were already assessed and treated according to this protocol, yet GT
placement gave them a considerably increased chance of reaching the national goal of
BMI≥50th percentile for age after 6 months. Another strength of our study is that, unlike
prior studies on GTs in CF, it uses BMI≥50th percentile for age as an outcome measure in
accordance with the CF Foundation’s current care guidelines on nutrition 1.

Several results of our study warrant further consideration. At the 1-year follow up, the cases
had an apparent waning of benefit from the GTs since the mean BMI Z-score was lower
than at the 6-month follow up. This finding is similar to what was seen in the above-
mentioned retrospective studies. While medical records indicate that only one patient
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discontinued GT feeds at 1 year, we speculate that the other patients also became less
adherent with their prescribed supplemental nutrition regimen as their BMIs improved. In
contrast, the control group had a greater improvement in mean BMI Z-score at the 1-year
visit than at the 6-month visit, likely because their nutrition was still aggressively managed
according to the standardized protocol used at our institution. Finally, it appears the cases
had a slight decrease in FEV1 over the course of the study while the controls had an increase
in FEV1. However, the difference in FEV1 between the two groups was not statistically
significant at any of the time points.

While supplemental nutrition via a GT may help improve growth in children with CF, the
invasive nature of the procedure and its associated complications may deter patients from
agreeing to GT placement. A study by Gunnell et al. 24 reviewed the attitudes of patients
with CF towards GTs and showed that patients were hesitant about the procedure because
they feared embarrassment, pain and interference with normal activities. In our study, none
of the children that underwent GT placement experienced major complications such as
perforation or gastric wall separation and 75% did very well during our standard post-GT
hospital admission. At 1 year, 80% of patients were not experiencing any complications
from their GT. The complications that did occur, including GT site lesions, local cellulitis
and tube malfunction, were easily treatable. It is reassuring that only one patient
discontinued the use of enteral nutrition at 1 year. While more patient education about GTs
is necessary, our study suggests that GT placement in CF patients is a generally safe and
well-tolerated procedure.

There were several limitations of our study. Because it was retrospective, it did not allow for
an exact comparison between the GT and non-GT groups. Additionally, the short follow-up
period of 1 year prevented us from commenting on long-term maintenance of the observed
weight gain. We also did not follow the patients for a sufficient amount of time to fully
evaluate changes in such parameters as height, lung function and frequency of pulmonary
exacerbations. Finally, while the children in our study seemed to have few complications
following GT placement, we were unable to ask them any specific quality-of-life questions
that would have provided us with more detailed information.

Our study offers support for the placement of GTs in children with CF who fail to reach the
goal of BMI≥50th percentile for age despite rigorous management. Since early and
aggressive nutritional interventions are needed in this patient population before a significant
decline in lung function occurs, more specific guidelines regarding the appropriate timing of
GT placement would be useful. Additionally, a long-term, prospective study would allow us
to further evaluate the effects of GTs and supplemental feedings on growth and lung
function in CF.
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CF Cystic fibrosis

BMI Body mass index

GT Gastrostomy

FEV1 Forced expiratory volume in one second
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GI Gastroenterology

SD Standard deviation

OR Odds ratio

CI Confidence interval

PEG Percutaneous endoscopic gastrostomy
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Figure 1.
BMI Z-scores by visit and case-control status. The boxes represent the median and
interquartile ranges, and the whiskers are the 5th and 95th percentiles. The p-values are from
paired t-tests of the difference between the cases and controls in Z-scores at the index visit
and the change from the index visit to the follow-up visits.
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Table I

Demographic and clinical characteristics of the cases and controls at the time of the index visit.

Characteristic Cases Controls p-value

Number of patients 20 20 -

Male sex, No. 8 8 -

Caucasian ethnicity, No. 17 19 0.16

Age in years at CF diagnosis,
median (range)

0.74
(0–6.58)

1.74
(0–9.41)

0.11

F508del mutations, No.:

○  One 12 11

○  Two 4 6 0.83

Pancreatic insufficient, No. 20 20 -

History of airway infection, No.:

○  Pseudomonas aeruginosa 18 13 0.10

○  Burkholderia cepacia 2 0 0.16

○  Methicillin-resistant Staphylococcus aureus 4 7 0.32

CF-related diabetes, No. 2 2 0.99

CF-related liver disease, No. 3 1 0.32

At the index visit, mean±SD:

○  Age in years 9.0±4.4 9.1±4.7 0.54

○  Height Z-score −0.94±0.50 −0.51±1.06 0.10

○  Weight Z-score −1.40±0.55 −1.06±0.74 0.07

○  BMI Z-score −1.19±0.60 −1.10±0.50 0.10

○  FEV1 percent predicteda 76.0±19.5 75.7±19.0 0.90

a
Data available for 14 cases and 13 controls
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