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Summary: To evaluate a pre-thickened formula {Enfamil AR®) for regurgitant gastroesophageal

reflux, 104 infants were enrolled in a b-week, multicenter, double-blind, randomized, placebo-

conirolled parallel group trial. The Enfamil AR group showed greater symptom reduction by the

end of the first week: percent feedings with any regurgitation (p=0.045), total regurgitation volume

score (p=0.035), and percent feedings with choke-gag-cough (p=0.004). The most symptomatic

infants at baseline had a reduction in trouble sleeping significantly with Enfamil AR by the end of

the study (p=0.030). This formula flows through a standard nipple, reduces regurgitation and

choking-gagging-coughing within a week, and improves sleep in the most symptomaiic babies by

5 weeks, without causing constipation. Clin Pediatr. 2003;42:483-495

Introduction

{ ymptomatic gastroesophag-
y eal reflux (GER) affects
- nearly half of all infants to
the extent that their parents re-
gard it as “a problem.”.? Regurgi-
tation comprises the primary

symptom; associated symptoms
may include those suggesting
pain (irritability, crying, fussi-
ness), trouble sleeping, and
coughing or gagging during feed-
ing. Although such GER rtypically
does not produce pathologic se-
quellae (esophagitis, failure to
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thrive, or respiratory complica-
tions) and resolves spontaneously
in most of these affected infants,
parents often seek remedies for
the symptoms.

Because volume, osmolality,
caloric density, viscosity, pH, nutri-
ent composition, and digestibility
may all influence reflux,*5 dietary
modifications comprise the most
common non-pharmacologic
“conservative” remedies for infant
GER.%8 There is evidence that a
protocol of such nonpharmaco-
logic interventions is efficacious,
even among infants referred to
pediatric gastroenterologists for
treatment,” although a recent
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systematic review found limited
data from randomized, con-
trolied trials to support many of
these treatments.!® In North
America, increasing the viscos-
ity—"thickening”—of infant milk
formulas is usually achieved by
adding dry rice cereal in a 1:2 vol-
ume ratio with the formula (~10 g
starch/ 100 mpL}.11 Internation-
ally, carob bean gum prepara-
ttons, carob seed flour, sodinm
carboxymethylcellulose, and a
compound containing pectin
and cellulose have been used as
thickeners,#15 although there is
concern that thickening with in-
digestible carbohydrates inter-
teres with availability of micronu-
trients!® and that the carob
preparations may cause allergic
responses or diarrhea.1217

The mechanisms by which
changing the viscosity of feeds
might reduce reflux have not
been completely established.
However, thickening of feedings
has been widely advocated for
half a century,!%2¢ and, more re-
cently, controlled trials have pro-
vided support for the practice,
These trials have shown that
thickened formula reduces regur-
gitation frequency and total vol-
ume, decreases crying, and in-
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creases sleep time postprandially
n infants, 11138 without a consis-
tent effect on pH-probe-mea-
sured acid reflux. 52122
Drawbacks of thickening rou-
tine infant formula by adding dry
rice cereal include inconvenience
and disturbance of the nutrient
profiles of marketed infant for-
mulas, which have been carefully
designed to mimic breast milk.
These considerations prompted
the design of a pre-thickened in-
fant formula that would not re-
quire addition of cereal and that
would more closely mimic a rou-
tine formula nutrient distribu-
ton. The resulung formula (En-
famil AR) substitutes 30% of the
lactose of routine infant formula
with an unmodified, pre-gela-
tinized, high amylopectin (waxy)
rice starch (2.3 g starch,/100 mL),
thus maintaining the appearance,
osmolality, caloric density, and
nutrient profile of routine for-
mula (Table 1), while providing
greater viscosity, which increases
further in the presence of acid
(Figure 1). Before acidificavion by
gastric acid, the formula flows
freely through a standard nipple.
This formula, commercially avail-
able in Europe since 1995152223
has been shown to support

growth as effectively as a routine
milk-based formula in a double-
blind, randomized, parallel group
study in 272 babies ohserved be-
tween 14 and 120 days of age > It
has also been shown, in a study of
44 infants, not to affect gastric
emptying.?®

The objective of the current
study was to evaluate rigorously
the efficacy of Enfamil AR in
young infants with regurgitant
GER.

Methods

Subjects

Between December 1996 and
July 1998, infants were recruited
at six North American pediatric
centers to participate in the 5-
week study, which had been ap-
proved by the appropriate institu-
tional review board or human
rights committee for each center.

Inclusion criteria were 2 5 re-
gurgitations per day for £ baseline
days, age 14120 days, gestational
age at birth >37 weeks, birth
weight 22,500 g, and maternal
age 218 years,

Exclusion criteria were discase
or congenital anomalies interfer-
ing with normal feeding or caus-
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Figure 1. Viscosity of the Test formuia (Enfamit AR) compared with a routing milk-based commer-
cially-availabie infant formela (Enfamil) and with Enfamil pius dry rice cereal (1 Thsp/oz) under pH
conditions comparable to these before and after ingestion inte the gastric milieu, measured at 97°F,
30 rpm. (Data on file: Mead Johnson Research Center, Evansville, Indiana.) Viscosity Is a quantitative
rtieoiogic measure of frictiona! resistance in a fluid to shear, illustrated by the force required to pull
one large plate across another, separated by a gap containing the fluid. Density, distinct from vis-
cosity, quantifies the weight per volume of the fluid,35 Both of these physical properties influence the
flow of fluids.
ing repeated regurgitation; fever Design ‘ replacement of the rice starch
or infectious illness at enroll- The study design is summa- with lactose, making the Control
ment; clinical diagnosis of milk or rized graphically in Figure 2. In- formula comparable to standard
soy protein allergy; complicated formed consent was solicited commercially-available cow-milk-
gastroesophageal reflux disease from parent(s) or guardian(s)— based infant formulas {Table 1).
{esophagitis, hematemesis, recur- henceforth designated “par- The randomization was per-
rent respiratory symptoims, failure ents"—of eligible infants at Day formed separately for each site fo
to thrive, etc.}; previous treat- -3 or —4. For the next 2 days, after . reduce site-specific bias, and the
ment with thickened formula; or instruction related to the diary blind was maintained for all study
ireatment with prokinetic med- sheets, they kept a baseline daily site personnel, parents, and in-
ication within b days before the diary, and then returned for de- dustry study personnel. Parents
start of the study. termination of eligibility and for were instructed on preparation
During the study, a subject’s randomization on Day 0. On Day of the study formula from the
participation could be discontin- 0, baseline demographics, vital powder provided, and on the use
ued early for a number of prede- signs, and anthropometric data of the formula, which was to serve
termined reasons, including any were recorded, and infants were as the sole source of nutrition for
illness that necessitated hospital- randomized to Test or Control the duration of the study. Volume
jzation or resulted in a decrease in formulas. The Test formula was and frequency of feeding was left
formula intake to below 50% of Infamil AR (AR); the Controi for- to parental discretion. Formula
the usual intake for at least 2 con- mula (C) was designed to be simi- was provided in amounts ade-
secutive days. lar to Enfamil AR except for the quate for the ensuing week,
JULY/AUGUST 2003 CLINICAL PEDIATRICS 485




L

486

Vanderhoof et al.

Day -3 or Day 4
informed Consent obtained; baseline anthropometric
measurements made.

;

Days -4 and -3 or Days -3 and -2
Parents keep Baseline Daily Diary.

v

Day 0
Clinic visit to ascertain if subject meets study criteria.

;

No Yes

Does subject
meet study
criteria?

Days -7 or Days 1.8
Randomized fo Study Formula.
Parents keep Daily Diary for 1 week,

Excluded from participation.

/
Day 7/8

Clinic visit to check progress and determine
if pharmacolegic treatment is necessary.

|

]

4 b Yes
Days 8-35 ts Rx Days 8-35
. ] needed? ) -
Subject continues on Subject continues on
Study Formula, Study Formula and Rx.
Parenis keep diary Parents keep diary
2 days/week. 2 daysiweek.
Day 35/36

N /

Clinic vigit — subjects evaluated,

anthropometric measurements

taken and product assessment
cbtained.

Figure 2. Study flow chart. The chart shows the sequence of study visits and telephone contacts.

and as needed thereafter, babies

based on 32 oz fed per day. Par-
ents were also instructed to com-
plete diary sheets daily for the
next week, and for 2 days out of
each week thereafter.

Follow-up evaluations were
scheduled for the end of the first
and fifih weeks (Day 7/8-—Fnd 1
Week, and Day 85/36-—End
Stady). At the first of those visits,

were assessed to determine the
need for standardized pharmaco-
logic intervention (ranitidine any
time after day 7/8 and cisapride
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any time after day 14/15); such
pharmacotherapy was recorded
when it occurred. At that first fol-
low-up visit (End 1 Week), parents
were also provided enough for-
mula for the rest of the study. At
the last visit {End Study}, anthro-
pometrics were measured again.
Serious adverse events (SAEs)
and early discontinuations from
the study were monitored
throughout.

Outcome Variables

Lfficacy

The primary objective was to
evaluate the efficacy of Enfamil
AR in reducing regurgitation, as
monitored by the daily diary
forms. These forms, completed
after each feeding except those
occurring after bedtime, identi-
fied time and amount of feeding,
number of regurgitations after
each feeding (0,1,2,5,4,5,>5), and
a score for the amount of the
largest regurgitation after each
bottle (1=teaspoon to tablespoon,
2=tablespoon to ounce, 3=ounce
to entire feeding, 4=cntire feed-
ing). These raw data allowed cal-
culation of 4 measures of regurgi-
tation used as primary outcome
variables to compare the Enfamil
AR and Control groups: 2 that
characterized frequency (per-
centage of feedings associated
with any regurgitation; and total
number of regurgitation episodes
per day) and 2 that characterized
volume {percentage of feedings
associated with regurgitation > 1
oz; and a Total Regurgitation Vol-
ume Score). The Total Regurgita-
tion Volume Score summed the
largest regurgitation scores from
each of the day’s feedings (scored
1 to 4, as above), such that a score
of 8, for example, could be ob-
tained by a baby who regurgitated
the whole feeding twice in a day

with no other feeding followed by
regurgitation >1 tsp (4+4+040), or
by a baby regurgitating 1 Thsp-loz
after four separate feedings
(24+2+2+2).

Secondary outcome variables
recorded after each feeding were
choking, gagging, or coughing;
pain; and trouble sleeping. Any
need for study-permitted pharma-
cotherapy was also evaluated as a
secondary outcome variable,

Tolerability

Acceptability, tolerability, and
safety of the formulas were also
evaluated. A summary overview of
acceptability was obtained by the
number of subjects completing
the study in each group. Tolera-
bility was assessed on a daily basis
by way of variables recorded on
the diary sheets at the end of each
scored day, so that daily symptoms
of fussiness, constipation, diar-
rhea, and gas could he compared
between the Enfamil AR and Con-
trol groups. Safety was monitored
by identifying any illnesses as they
occurred throughout the study;
any serious adverse event (SAE)
was reported immediately.

Statistical Analysis

Three study periods were ana-
fyzed: Baseline, End 1 Week, and
End Participation, using the last 2
daily diaries completed for each
of the 3 periods. {(End Participa-
tion usually occurred at the end
of the study, but for suiyects dis-
continuing early or being started
on pharmacotherapy per proto-
col, End Participation was de-
fined as the last diaries available
before these events.)

Gender distributions and
study discontinuation data were
compared by the Cochran-Man-
tel-Haenszel test stratified by
study site. Age, anthropometric
measurements, baseline regurgi-
tation and symptom scores, and

formula consumption data were
compared by analysis of variance.
Need for pharmacologic inter-
vention was compared by Fisher's
Iixact test,

Analysis of covariance was re-
quired for comparisons of symp-
tom changes from baseline be-
tween the Enfamil AR and
Countrol groups, due to the differ-
ences between the groups with re-
gard to some haseline variables.
The covariance statistical model
incorporated terms for baseline
score, study site, bascline score by
treatment group interaction, and
treatment group by study site in-
teraction, as well as the feeding
regimen itself. Analyses removing
both interaction terms from the
statistical model were also con-
ducted. The detection of interac-
tions between baseline scores and
treatment group at p<.10 led to
the performance of exploratory -
analyses that were not pre-speci-
fied—separately examining the
subgroups with the worst baseline
scores, using analysis of variance.

Analyses that excluded the
three individuals (1 AR, 2 C) who
suffered intercurrent illnesses pro-
duced similar results to analyses
that did not exclude them, so those
babies were not excluded in the
data presented here. There were
no interim analyses performed.

Resulis

Subject Characteristics
and Accounting

Of the 110 babies whose par-
ent sighed informed consent and
who were randomized, 6 never
consumed study formula. Thus
104 babies comprise the stdy
subjects (Table 2). Minor protocol
violations of the inclusion criteria
occurred for several subjects: 2 re-
gurgitated =B times on only 1
baseline day, 2 were 123 and 127
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days of age, 2 were 36 weeks’ ges- At baseline, there were no dif- symptoms, between the 55 ran-

tational age, and | mother was ferences in gender, age, anthro- domized to Enfamil AR and the

<18 years. Data from these sub- pometrics, feedings {type of for- 49 randomized to the Control for-

jects were not excluded from mula or the feeding number, mula (Table 2), except that the

analysis. ' volumes, or calories per day), or babies assigned to AR had a worse
(R
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average Total Repurgitation Vol-
ume Score than those assigned to
C {p=.042).

The majority of the babies in
both the AR and C groups com-
pleted to the first week visit (89%,
90%) and to the end of the study
(84%, 73%)—Table 3. The 22 ba-
bies who discontinued during the
study included 17 (13% of AR,
20% of C) who discontinued due
to the formula—intolerance, fail-

ure to thrive, or parent election—
with similar numbers of AR and C
subjects in each category. The non-
formula reasons for discontinua-
tion of the other 5 subjects were loss
to followp, illness-induced faiture
to consume adequate formula
{(<B0% of usual intake for 22 days),
and an SAE in I baby (the first SAE
described below).

Three SAEs occurred: hospi-
talization for pH probe, renal dys-

plasia, and failure to thrive. The
first of the 3 SAEs occurred in a
subject randomized to C, who was
treated by his mother, contrary to
instructions, with omeprazole
and cisapride throughout the
Baseline and Study periods, until
he was hospitalized for a pH
probe study because of persisting
symptoms after nearly 2 weeks in
the study. This protocol violation
prompted his data being ex-
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cluded from all efficacy data, in-
cluding data on study formula
consumption and reflux pharma-
cotherapy use. His data are in-
cluded in the safety data. The sec-
ond SAE, in ancother infant
randomized to G, was renal dys-
plasia associated with failure to
thrive. The third SAE was failure
to thrive diagnosed after 3 days of
consumption of AR in a baby who
responded to a switch o a soy for-
mula. This infant’s probable cow
milk allergy presumably would
have occurred regardless of treat-
ment group assignment.

Three babies (2 AR, LC) re-
ceived pharmacotherapy as al-
lowed by the protocol.

Cuitcome Variables: Efficacy

Enfamil AR significandy re-
duced the percentage of feedings
associated with regurgitation at
the end of both 1 week and the
study as a whole, when the entire
AR and C groups are compared

(Table 3, Figure 3). In additon to
this regurgitation frequency vari-
able, AR also reduced the Total
Regurgitation Velume Score,
both at End 1 Week and End Par-

ticipation (Table 3, Figure 3). This
latter effect was observed despite
a significantly greaver formula in-
take by the end of the study in the
AR group.

The non-regurgitation post-
feeding symptoms used as sec-
ondary outcome variables—chok-
ing, gagging, or coughing; pain;
and trouble sleeping—were evalu-
ated similarly to the regurgitation
variables. Significant improve-
ment was observed both at End 1
Week (p=0.004, Figure 3) and at
End Pardcipation {p=0.049} for
choking/gagging/coughing. De-

Regurgitation (R) & Choke/Gag/Cough

= 40
[}
2 35
2 30
£ 25
E\ 20
73]
E 15
1]
e 10
I
2 5
®
o 0
3
680
R
\\0
QO
bfo
c,ra

B Enfamit AR (n=50)
O Control (n=47)

Figure 3. Results: regurgitation and choke-gag-cough variables: improvements at end T week. The histogram demonstrates the significantly greater
improvements In two of the regurgitation variables and in the choks-gag-cough variabla in the Enfamil AR group compared 1o the Control group, as

early as 1 week after starfing the formula.
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tection of baseline-by-treatment
interactions for pain and trouble
sleeping meant that these vari-
ables improved significantly more
with Enfamil AR in those babies
with the worst symptoms at Base-
line. These analyses for pain and
for trouble sleeping in the most
severely affected infants demon-
strate considerably greater im-
provement in those treated with
AR than in those treated with C, a
difference that reached signifi-
cance for irouble sleeping despite
the smali size of the subgroups
(Figure 4),

The other secondary outcome
variable, any need for study-per-
mitted pharmacotherapy, did not
differ between the Enfamil AR
and the Control groups.

Outcome Variables: Tolerability
There were no differences in
the number of subjects complet-
ing the study between the two
treatment groups, There were
also no differences between the
Enfamil AR and Control groups at
Baseline, at End 1 Week, orat End
Parricipation in any of the four
variables recorded daily—fussi-

ness, constipation, diarrhea, or
gas. Finally, there were no differ-
ences beiween AR and C in the in-
cidence of SALs.

Discussion

This sizeable, multicenter,
randomized, double blind,
placebo-controlled trial has con-
firmed a beneficial effect of a
commercially available pre-thick-
ened formuia on a number of
symptoms prevalent in infants
with symptomatic gastroesophageal

Decreases in Symptoms (%)

Pain & Trouble Sleeping

H Enfamit AR (n=14)
O Control (n=11)

Figure 4. Results: pain and trouble siseping: improvements at end participation in the most symptomatic quartile of the infants, The his-
togram shows the greater improvements in pain and in trouble sleeping in the quartile of infants with the most severe symptoms at Base-
line when fed Enfamil AR, in comparisen with Control formuia. This improvement reached significance for babias with trouble sleeping,

despite the small number of infants.
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reflux. It has also demonstrated,
yet again, the importance of
blinding and placebo controls for
a disorder like infantile reflux, in
which spontaneous amelioration
is common.

Mechanisms

The effects of thickening of
formula on reflux into the esoph-
agus and regurgitation from the
mouth have been somewhat chal-
lenging to rationalize and to un-
derstand mechanistically. Thick-
ening of feedings has nutrient
effects thar modify the gastroin-
testinal tract’s handling of them,
as well as physical effects. Al-
though rice-cereal-thickened
feedings may scem more likely to
“stick to the ribs,”26 their potential
to slow gastric emptying!! because
of their increased caloric density
chalienges the idea that they
might have a beneficial effect on
reflux. In contrast, the increased
viscosity may accelerate gastric
emptying, thus providing benefit
for infants with reflux.27 The ac-
tual rheologic aspects of fluids
that determine their subjective
“thickness” incorporate the physi-
cal characteristics of viscosity (Fig-
ure 1), density, and yield stress,
physical characteristics that may
not be subjectively appreciated
accurately.?®

Regurgitation

The reduction of regurgita-
tion is the most consistent im-
provement in studies of thick-
ened feedings; this “visible” effect
led to the early and sustained
adoption of thickened feedings as
a central component of non-
pharmacclogic treatment of re-
flux.1820 Thickened feedings re-
duced the frequency of
regurgitation in several stud-
ies,11.13.15.22,29 without a clear de-
crease n the volume of the indi-
vidual regurgitation episodes that

persisted.!! The current scudy
found reductions in the percent-
age of feedings associated with
any regurgitation and by the daily
Total Regurgitation Volume
Score, without a reduction in the
percentage of feedings associated
with large volume regurgitations
nor in the number of regurgita-
tion episodes each day. The lack
of reduction in the Iatter may be
because the frequency measures
in the current study are non-dis-
criminating among post-meal re-
gurgitation frequencies greater
than 5.

pH Probe Reflux

Although most studies have
shown improvement in regurgita-
tion with thickening of feedings,
their effect on pIH probe—quant-
fied acid reflux has not been so
clear, consistent with the fact that
the pH probe measures reflux
only after the neutral pH feedings
have been emptied from the
stomach (in contrast to the reflux
measured by scintigraphyil). An
uncontrolled Belgian study found
addition of T g/115 mL of a milk-
thickening agent “carob bean
gum preparations derived from
St. John's Bread” to be associated
with ambiguous effects on pH
probe reflux 1-2 weeks later: no
change in the total time with pH
<4, but a decrease in number of
episodes and an increase in the
duration of the longest episode.!3
Another small (2 groups of 10 in-
fants) trial of a commercial ver-
sion of a similar formula com-
pared to a control formula found
significant pH probe improve-
ment after a weck of treatment in
the thickened feeding group only
in the total time with pH <42 a
similar study comparing that
same commercial formula and a
control formula within the same
24 babies altermating feedings of
the 2 formulas found less

esophageal acid exposure follow-
ing the thickened feedings than
following the control feedings.!5
Similar ambiguous effects were
demonstrated for rice-cereal
thickened formula in a tiny study
with paired pH probe studies in 6
infants separated by 2 to 5 days.2
A controlled and even shorter
term study, using 34 infants as
their own controls during 2 se-
quential 12-hour periods, found
feedings thickened with rice ce-
real (1 Thsp/oz) to be associated
with less pH probe reflux in all 3
positions tested (prone, seated,
supine), although it is unclear
that day-night effects on reflux
were adequately controlled for.?0
In a study that thickened apple
juice feedings (pH~4), instead of
standard milk formula, with rice
cereal, to allow the pH probe to
detect postprandial reflux, no
clear improvement was found
with the thickened formula.2!

A recent review addressed the
apparent incongruity between
positive symptomatic relief of re-
gurgitation by rhickening feed-
ings, and ambiguity regarding im-
provement of pH probe results.10
As the authors suggest, “clinical
scores may be a more clinically
relevant outcome measure in the
study of infant GERD.”

Caloric Iniake

While the increased caloric re-
tention due to decreased regurgi-
tation was anticipated, the in-
creased caloric intake in infants
consuming Enfamil AR, in com-
parison to the Control infants,
was unexpected. Indeed, one of
the potential beneficial effects of
thickening standard formula with
rice cereal at 1 Thsp/oz, which
Enfamil AR lacks, has been the in-
crease in the meal’s caloric den-
sity to 21 cal/cc,!! although this
increased caloric intake may not
produce a comparable increase in
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caloric absorption in the healthy
infant, in whom it may contribute
to nutrition of colonic bacte-
ria.’1.%2 Nonetheless, upward
crossing of weight percentiles is a
common observation in infants
fed formula thickened with rice
cereal. To the degree that adding
cereal increases the calories ab-
sorbed by the baby, it would be a
boon for regurgitating babies with
failure to thrive, or for those whose
reflux might respond to decreas-
ing gastric volume while maintain-
g caloric content of feedings,?
but it would not be beneficial for
babies at the opposite end of the
nulritional spectrum—age at in-
troduction of solids is a predictor
of obesity at 12 months.3? Al-
though Enfamil AR has the same
caloric density as routine infant
formula, apparently it was appeal-
ing enough to the infants in the
current study that they consumed
It in greater volurnes than the Con-
trol formula.?4

Choke-Gag-Cough

The reduction in these symp-
toms associated with feeding was
not completely anticipated. How-
ever, in patients with dysphagia
from various causes, thickening
liquid barium (which increases
both viscosity and density) im-
proves its handling during the
oropharyngeal phase of swallow-
ing.?83%5% Similar thickening of
the diet is used for treatment of
oropharyngeal dysphagia, there-
by reducing gagging and choking
on feedings. Infants” immature
swallowing may benefit from the
same effects that thickening has
for pathologic disorders of swal-
lowing in older individuals.

Coughing, In contrast, was
found to be increased in 25 in-
fants with GER following a rice-ce-
real-thickened formula feeding,
in comparison to an isocaloric
feeding of standard formula, dur-

ing a randomized, controlled,
double-blind crossover study.36
The coughing in this study may
have played a role in the reflexive
clearance of the adherent particu-
late cereal particles in the vicinity
of the larynx. Reassuringly, a sim-
ilar protocol used for 19 infants
with respiratory disease and re-
flux symptoms did not find a sim-
ilar increase in cough 37 Further-
more, in 9 infants with respiratory
syncytial virus—associated laryn-
geal penetration (with tracheal
penetration or frank aspiration in
some of them) by thin barium
during fluoroscopy, thickening of
the thin barium by rice cereal (1
*heaping” Tbsp/oz) normalized
the immediately repeated fluo-
roscopy in all but 1 infant. An
early upper esophageal pH probe
study in 34 babies with reflux and
respiratory disease (pneumonia
or apnea) did not quantify cough,
but found less acid reflux in the
upper esophagus after thickened
than unthickened formula.30

Pain

The nonsignificant reduction
of “pain” recorded following
feedings in these infants without
pathologic reflux disease may be
analogous to the significant re-
duction of crying in more se-
verely affected infants by rice ce-
real-thickened formula.l! The
baseline-by-treatment-group in-
teraction suggests that, indeed,
this symptom is more likely to be
improved by Enfamil AR in in-
fants in whom it is a predomi-
nant symptom initially. The lack
of effect of the Test formula on
“fussiness” recorded at the end
of the day is consistent with the
lack of improvement in “pain”
in the treatment groups as a
whole, and also suggests that any
beneficial effect on crying may
be focused in the postprandial
period.

Sleep

Thickening formula with rice
cereal has been used for evening
feedings for infants for some
time, because of its anecdotal im-
provement of sleep and enhance-
ment of the likelihood that an in-
fant will sleep through the night.
In one study two-thirds of moth-
ers of b-week-old infants held this
belief.®? This anecdotal benefit
was provided support by a short-
term study evaluating a single pair
of feedings in infants with gas-
troesophageal reflux disease,
which found significanty greater
sleep time following a thickened
infant formula feeding than fol-
lowing an isocaloric routine for-
mula feeding;!! the increase in
sleep time was by way of a de-
crease in crying time, leaving non-
crying awake time essentially un-
changed. Two other, longer-term
studies did not demonstrate an
increase in sleep time in normal
infants. One of them found no
beneficial effect of adding cereal
to the diet of b-week-old infants
tor 2 weeks, compared to a con-
trol group without added cereal 3
The other, a study in which 106
babies were randomized to re-
ceive their bedtime feeding of for-
mula either thickened with cereal
{1 Thsp/oz} or not, found no
consistent effects on nocturnal
sleep duration by the early addi-
tion of bedtime cereal.40 That
thickened feedings improve the
sleep of infants with reflux be-
cause their baseline sleep is dis-
turbed is suggested by data show-
ing that 76 babies with reflux
disease manifested disruption of
many parameters of sleep, com-
pared both to a contemporaneous
control group of 26 babies and to
population norms based on 3,102
babies.#! Results of the current
study correspond to these find-
ings, in that Enfamil AR signifi-
cantly improved trouble sleeping
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in the quartile of infants with the

most trouble sleeping at baseline.

Tolerabilily

The excellent tolerance of the
Test formula was not unexpected.
Clinical studies have shown that
moderate amounts of rice starch
are easily digested and tolerated
by most infants 312 A metabolic
balance study demonstrated
greater than 95% digestibility of
rice starch in 1- and 8-month-old
infants, with the vounger group
tolerating up to 25 g of rice starch

per day.® Anecdotally, however,
rice cereal added generously to
the infant diet increases the firm-
ness of stools, and induces consti-
pation in many babies. This effect
comprises a major drawback to
rice cereal-thickening of infant
formulas to treat regurgitant re-
flux. Indeed, many practitioners
gither thicken infants’ formula
with less rice cereal, thereby possi-
bly compromising efficacy, or pre-
scribe treatment for this common
at the time of the pre-

scription of the thickening. The

lack of difference between Enfamil
AR and the Control formula in this
regard suggests a benefit of the use

of this pre-thickened formula.

A recent review of nonphar-
macologic and nonsurgical thera-
pies for infant gastroesophageal
reflux noted, “many conservative
measures commonly used to treat
GERD in infants have no proven
efficacy.”? The authors call for
further randomized, controlied
clinical trials of conservative ther-
apies, using symptomatic out-
comes. The present randomized,
double-blind, contrelled study
demonstrates symptomatic bene-
fits of feeding a pre-thickened,
nutritionally complete and bal-
anced infant formula containing
pregelatinized rice starch to in-
fants with uncomplicated gastroe-
sophageal reflux. The study indi-

cates that significant reduction in
regurgitation and in choking-gag-
ging-coughing associated with
meals, and improvement in sleep
in the most symptomatic babies,
are benefits that can be achieved
using a comumnercially avaflable for-
mula fed through a standard nip-
ple, and without engendering con-
stipation. Additional controlled
studies in more symptomatic in-
fants are needed to explore fur-
ther the effects of this formula on
symptoms such as crying.

Acknowledgments

This study was published in
part and presented: Vanderhoof
JA, Mehra S, Bailey EN, et al. Effi-
cacy of a pre-thickened formula
in term infants with symptoms of
gastroesophageal reflux (GER)
{abstract). Pediatr Res. 1999:45:
118A. Presented at the Society for
Pediatric Research annual meet-
ing, San Francisco, CA, May 1-4,
19499,

The authors appreciate the
contributions of the patients and
their families, without whose par-
tictpation the study would not have
been possihle, and the contribu-
tions of Drs. Sunil Mehra (Oshawa
Clinic, Ontario, Canada), Edward
N. Bailey (Bay State Medical Cen-
ter, Springfield, MA), William J
Kagey (Lewis Gale Clinic, Salem,
VA), and Eric J. Slosberg (Pediatric
Centers of Southwestern Michi-
gan, Kalamazoo, MI), who en-
rolled many of the subjects.

REFERENCES

1. Orensiein S, Shalaby T, Colu J. Reflux
symptoms in 100 rormal infants: diag-
nostic validity of the Infant Gastroe-
sophageal Reflux Questionnaire. Clin
Pediatr 1996;55:607-614.

2. Nelson SP, Chen EH, Syniar GM,
Christoffel KK, the Pediatric Practice

10.

11.

12.

13.

. Shalaby TM, Orenstein SR. Efficacy of

Research Group. Prevalence of symp-
woms of gastroesophageal reflux dur-
ing infancy: a pediatric practice-based
survey. Arch Pediatr Adolesc Mead.
1997;151:569-572.

. Sutphen JL, Dillard VL. Effect of feed-

ing volume on early postcibal gastroe-
sophageal reflux in infants. [ Pediatr
Gastrgenterol Nugr: 1988;7:185-188.

. Sutphen JL, Dillard VL. Dietary

caloric density and osmolality influ-
ence gasiroesophageal reflux in in-
fants. Gastroenterology. 1989,97:601-604.

. Siegal M, Krantz, B, Lebenthal . Ef-

fect of fat and carbohydrate composi-
tion on the gastric emptying of
isocaloric feedings in premarure in-
fants, Gastroenterelogy. 1985;89:785-790.

. Rudolph CD, Mazur 1.], Liptak GS, et

al. Guidelines for evaluation and
treatment of gastroesophageal reflux
in infants and chiidren. J Pediatr Gas-
troenterol Nutr 2001;52:81-531.

. Vandenplas ¥. Current concepts and

issues in the management of regurgi-
tation of infants: a reappraisal. Man-
agement guidelines from a working
party. Aeta Paediatr 1996;85:531-634.

. Vandenplas ¥, Ashkenazi A, Belli D, et

ak. A proposition for the diagnosis and
treatment of gastro-cesophageal re-
flux disease in children: a report from
a working group on gastrooe-
sophageal reflux discase. Eur [ Pediaty,
1592:157:704-711.

conservative therapy in infants with
gastroesophageal reflux disease re-
ferred by pediatricians to pediatric
gastroenterologists. Gastroenteralogy.
2001;120:449.

Carroll A, Garrison M, Christakis D. A
systematic review of nonpharmacolog-
ical and nonsurgical therapies for gas-
troesophageal reflux in infants. Arch
Pediaty Adolesc Med, 2002;156:100-118.
Orenstein SR, Magill HL, Brooks P,
Thickening of infant feedings for
therapy of gastroesophageal refhu,
J Pedigiz 1987;110:181-186.

Carre W. Management of gastro-oe-
sophageal reflux. Arch Dis Child,
1985;60:71-75.

Vandenplas Y, Sacre L. Milk-thicken-
ing agents as a (reatment for gastroe-
sophageal reflux. Clin Pediatr
1987;26:66-68.

CLINICAL PEDIATRICS

JULY/AUGUST 2003


carolc
Rectangle

carolc
Rectangle

carolc
Rectangle


e Fin "

Efficacy of a Prethickened Infant Formula

14.

16.

18.

21.

23,

Greally P, Hampton Ff, MacFadyen
UM, Simpsen H. Gaviscon and Caro-
bel compared with cisapride in gastro-
oesophageal reflux, Arch Dis Child.
1992,67:618-621.

. Borrelli O, Slavia G, Campanozzi A, et

al. Use of a new thickened formula for
the trearment of symplomatic gas-
trooesophageal reflux in infants. ftal f
Gasiroenterol Hepatol, 1997,29:237-242.
Bosscher I, Van Caille-Bertrand M,
Van Dyck K, Robberecht H, Van
Cauwenbergh R, Deelstra H. Thicken-
ing infant formmeta with digestible and
indigestible carbohydrate: availability
of calcium, iron, and zinc in vitro.
J Pediatr Gastroenterol Nutr. 2000;
3(;373-378.

. Savineo F, Muratore M, Silvestro L, Og-

gero R, Mostert M. Allergy to carob
gum in an infant. j Pediatr Castroenterol
Nudr 1909:29:475-476.

Berenberg W, Neuhavser EBD. Car-
dig-esophageal relagation {(chalasia)

as z cause of vomiting in infants, Pedi-

atrics. 1950;5:414-420.

. Carre IJ. Postural treatment of chil-

dren with a partial choracic stomach
(“hiatal hernia”). Arck Dis Child.
1960;35:569-580.

. Carre I]. The Therapeutic and Diagnostic

Vaulue of Thickened Milk Feeds in Vowating
Babies. In International Congress of Pedi-
atrics, 11th. Tokyo: University of Tokyo
Press, 1965.

Bailey D], Andres JM, Danek GD,
Pineiro CVM. Lack of efficacy of thick-
ened feeding as treatment for gastroe-

. ,sophageal reflux. j Pediatr. 1987;
7 110:187-189.
22.

Vandenplas ¥, Hachimi-Idrissi S,
Casteels A, Mahler T, Loeb H. A clin-
ical wial with an “antiregurgization”
formula. Bur [ Pediatr 1994;155:419-
423.

Baldassarre M, Franco MT, Crudele A,
ctal. Effetto di una formula ad elevata
viscosita {(Enfamil pre-gel, Mead John-
son) nel fattante con reflusso gastroe-

24,

27.

28,

29.

31.

32.

sofageo sintomatico. fiv lial Pediatr
2001;27:137-141.

Moran JR, Mehra S, Kalban 8C, Harris
CL, Merkel KL. Growth of term in-
fants receiving a prethickened for-
mula. Pediatr Res. 1999;45:114A.

. Tolia V, Wuerth A, Shashidhar HS, Pe-

ters JM, Lin CH. A prospective study
with an antiregurgiration (AR} for-
mula in infants with gastroesophageal
reflux (GER) symptoms. Gastrointest
Endose. 1999;49:A13186.

. Kaziow P, Deckelbaum R]. Gastroe-

sophageal reflux: lessomns from chil-
dren (selected summaries). Gasiroen-
ierology. 1988,94:1231-1232.

Prather CM, Thomforde GM, Camil-
leri M. Increased viscosity accelerates
gastric emptying of liquids and solid
particles by stimulating proximal
antral metility. Gestrognterology.
1992;103:1877.

Cichero JAY, Jackson O, Halley PJ,
Murdoch BE. How thick is thick? Mul-
ticenter study of the rheological and
material property characteristics of
mealtime fluids and videofluoroscepy
fluids. Dysphagia. 2000;15:188-200.
Khoshoo 'V, Ross G, Brown S, Edell D.
Smaller volume, thickened formulas
in the management of gastroe-
sophageal reflux in thriving infants.
J Pediatr Gastroenterol Nutr. 2000;
31:554-556.

30, Ramenofsky ML, Leape LL. Continn-

ous upper esephageal pil monitoring
in infants and children with gastroe-
saphageal reflux, pneumonia, and ap-
neic spells. J Pediair Surg. 1981;16:374
378.

Shulman R, Boutton T, Klein P. Impact
of dietary cereal on nutrient absorp-
tion and fecal nitrogen loss in formula-
fed infants. [ Pediatr 1991;118:39-43.
Lifschitz C, Torun B, Chew F, Boutton
T, Garza C, Klein P. Absorption of car-
bon 13-tabeled rice in milk by infants
during acure gastroenteritis. J Pediarr
1991;118:526-530.

34.

3h.

37,

38.

39.

40.

41.

42,

Kramer MS, Barr RG, Leduc DG,
Boisjoly C, McVey-White 1, Pless IB.
Determinants of weight and. adiposity
in the first year of life. [ Pediatr.
1685;106:10-14.

Dantas RO, Dodds W], Massey BT,
Kern ME. The effect of high- vs low-
density barium preparations on the
quantitative features of swallowing.
AJR. 1989;153:1191-1195.

Li M, Brasseur ], Kern M, Dodds W.
Viscosity measurements of bariurm suk
fate mixtures for use in motlity stud-
ies of the pharynx and esophagus.
Dysphagia. 1992;7:17-50.

. Orenstein SR, Shalaby TM, Putnam

PE. Thickened feedings as a cause of
increased coughing when vsed as
therapy for gastroesophageal reflux in
infants. J Pedictr 1992;121:913-915.
Orenstein 8, Shalaby T, Orensiein D,
Putnam P. Thickening of feedings
with rice cercal to treat infandle re-
gurgitation does not increase cough-
ing in infants with respiratory disease.
Gastroenterology. 1994;106:A153.
Khoshoo V, Ross G, Kelly B, Bdell D,
Brown S. Benefits of thickened feeds
in previously healthy infants with res-
piratory syneytial viral bronchiofitis.
Pediatr Pulmonol. 2001;31:301-302.
Keane K, Charney E, Straus ], Roberts
K Do solids help baby sleep through
the night? {abstr), Am fDis Chiid. 1988;
142:404-405.

Macknin ML, VanderBrug Meden-
dorp S. Infant sleep and bedume ce-
real. Am j Dis Child. 1989;143:1066-
1968,

Ghaem M, Armstrong K, Trocki O,
Cleghorn G, Patrick M, Shepherd R
The sleep patterns of infants and
young children with gastro-oe-
sophageal reflux. [ Paediatr Child
Health. 1998;54:160-163.

DeVizia B, Ciccimarra F, DeCicco N,
Auricchio 5. Digesdbility of starches
in infants and children. j Pediair
1975;86:50-55.

JULY/AUGUST 2008

CLINICAL PEDIATRICS

455




