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Abstract

Background: The clinical measures of gastric residuals and
abdominal distention are often used to guide feeding in pre-
terminfants, but there are few data demonstrating their use-
fulness. Similarly, techniques are now available to investigate
gastrointestinal (Gl) function noninvasively and safely, but
their ability to predict attainment of full gavage feedings
and/or feeding volume in preterm infants is unclear. Objec-
tive: We sought to determine prospectively the potential re-
lationships of attainment of full gavage feedings and feed-
ing volume with clinical measures and noninvasive Gl tests.
Methods: Fifty preterm infants were followed prospectively.
Daily tally was taken of gavage feeding intake, gastric resid-
ual volumes (GRVs; milliliters per day, number of GRVs >50%
of the previous feeding volume, and number of GRVs >2 ml/
kg), and abdominal distention. Infants underwent repeated
measurement of lactase activity, Gl permeability, fecal cal-
protectin concentration, and gastric emptying. Results: The
number of GRVs >2 ml/kg tended to decrease with postnatal

age (p = 0.06). Lactase activity and feeding volume in milli-
liters per kilogram per day prior to achieving full feedings
were correlated (p = 0.007, B = 0.164). There was no correla-
tion between feeding outcomes and GRV (ml/day), GRV
>50%, GRV >2 ml/kg, small bowel, colonic, or whole bowel
permeability, fecal calprotectin concentration, gastric emp-
tying, or abdominal distention. Conclusions: GRV is unreli-
ablein predicting attainment of full gavage feeding. Lactase
activity is related to feeding volume. However, other nonin-
vasive Gl tests utilized were not predictive. These data cast
doubt upon the utility of GRV in guiding feeding therapy.
Randomized trials of different GRV management protocols
are needed. Copyright © 2010 S. Karger AG, Basel

Introduction

Gastrointestinal (GI) function in the preterm infant is
underdeveloped compared with that in the term infant.
Consequently, preterm infants experience presumed
symptoms of feeding intolerance such as increased gas-
tric residuals after feeding and abdominal distention that
delay the attainment of full gavage feedings [1].
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Clinically, measurement of gastric residuals is often
used as a guide to advance feedings in the preterm infant,
but there are few data demonstrating its usefulness [2, 3].
It is likely that increased gastric residuals are not only a
result of poor gastric emptying, but reflect motor imma-
turity in the small intestine and perhaps colon [3, 4]. In
addition, other factors related to GI development, such as
lactase activity, may also influence the ability to attain
full gavage feedings [5].

Techniques are now available to investigate GI func-
tion noninvasively and safely in preterm infants. These
include the ability to measure lactase activity, GI perme-
ability, GI inflammation, and gastric emptying [5-11].
These tests potentially offer an objective measure of GI
function that may correlate with GI maturation and,
thus, predict the ability of preterm infants to achieve full
gavage feedings. However, the usefulness of these tests is
unclear.

The objectives of this study were to determine pro-
spectively the potential relationships between the attain-
ment of full gavage feedings and clinical measures in-
cluding gastric residual volume (GRV) and abdominal
distention. In addition, we carried out noninvasive GI
tests (lactase activity, GI permeability, fecal calprotectin
concentration, gastric emptying) to determine if there is
arelationship with feeding volume and the attainment of
full gavage feedings.

Materials and Methods

Preterm infants (25-32 weeks gestational age) were followed
prospectively. After permission from the attending neonatologist,
the parents were approached for consent. All procedures were ap-
proved by the Baylor College of Medicine Institutional Review
Board. We attempted to enroll infants as soon as possible after
birth. Infants with major congenital anomalies and/or known GI
abnormalities were not enrolled. Permission to carry out mea-
surements was obtained from the attending neonatologist prior to
each procedure.

Feeding Management

Feedings were begun by orogastric tube as soon as the infants
were clinically stable, generally by 4 days of age. Feedings were
given by gavage over 20 min every 3 h starting at 20 ml/kg/day
with the infant in the supine position. It was attempted to advance
feedings by 20 ml/kg/day until the infants achieved full gavage
feedings (i.e. 100% of their nutrient requirements by gavage) as we
have described previously [12]. The infant’s clinical chart was re-
viewed daily for feeding history. Feeding intolerance and its man-
agement were guided according to a previously published algo-
rithm and our previous clinical trial [12, 13]. In brief, an increased
GRYV, abnormal abdominal examination (see below), or hemato-
chezia prompted a complete physical examination including as-
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sessment of gastric tube placement, and if deemed appropriate, an
abdominal radiograph. Depending on the severity of the findings,
feedings were either reduced by 20% or withheld. Serial evalua-
tions were done to decide on further management (e.g. glycerin
suppository if stooling frequency was <1 stool/36 h, change of
body position, further reduction in feeding volume or continued
withholding of feedings) [12, 13].

Feeding Outcomes

The feeding outcomes were defined as: on full gavage feedings
or not; feeding volume in milliliters per kilogram per day, feeding
volume in milliliters per kilogram per day prior to the time full
gavage feedings were achieved, and time to full gavage feedings.
Full gavage feedings were defined as the infant achieving appro-
priate weight gain (~15 g/kg/day) solely via gavage feedings (i.e.
without the need for parenteral nutrition), which usually oc-
curred when the infants were receiving 120 kcal/kg/day (150 ml/
kg/day). Time to full gavage feedings was defined both as the post-
natal age at which full gavage feedings were achieved as well as the
total number of days the infants were fed until they achieved full
gavage feeding. If the infant reached full gavage feedings but the
feedings were subsequently reduced, the day the infant first
achieved full gavage feedings was used.

Clinical Measures of Feeding Tolerance

Feeding tolerance was assessed daily starting on the first day
that feedings were attempted. The following characteristics were
noted: GRV, vomiting, abdominal distention (increase in abdom-
inal girth >1.5 cm), number of feedings held, and green or blood-
tinged gastric aspirates [4, 12, 14, 15]. Data were obtained daily
from the infant’s clinical chart.

Gastric Residual Volume

GRV was determined by gentle aspiration of gastric contents
from the indwelling orogastric tube every 3 h prior to the next
feeding. The total number of gastric residuals was noted as well as
the number of GRV that was >50% of the previous feeding volume
and >2 ml/kg body weight as has been used and recommended
previously [12, 13]. These parameters have been shown previous-
ly in preterm infants to segregate tolerance to different feeding
regimens [12]. GRV was expressed as the mean milliliters per day,
mean milliliters per kilogram per day, mean number per day of
GRVs >50% of the previous feeding, and mean number per day of
GRVs >2 ml/kg.

Lactase Activity and GI Permeability

Lactase activity and GI bowel permeability were determined
as described previously [5, 8, 16]. In brief, every 2 weeks the in-
fants were administered a solution containing the sugars lactu-
lose, mannitol, and sucralose at concentrations of 60 mg/ml (167
mmol/l), 12 mg/ml (66.7 mmol/l), and 60 mg/ml (167 mmol/l),
respectively, at a dose of 0.25 ml/kg per feeding. The solution was
administered in each feeding for 36 h [7]. The lactose in the feed-
ing provided the lactose for the study (approximately 3.5 g/dl; 97
mmol/l). During the final 6 h, urine was collected using a urine
collection bag. Because very small amounts of lactulose and man-
nitol may normally be present in feedings and/or medications,
ratios involving these two sugars were expressed as the ratio in the
urine versus that in the milk [5, 8].
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Urinary lactulose/lactose has been shown to correlate closely
with enzymatically determined lactase activity in the small intes-
tinal mucosa [17]. The lactulose/mannitol ratio, sucralose/lactu-
lose ratio, and sucralose percent recovery reflect small bowel, co-
lonic, and total bowel permeability, respectively [18, 19]. Urine
was analyzed as we have described previously [16].

Fecal Calprotectin Concentration

A random stool sample was collected weekly to determine the
fecal calprotectin concentration as a measure of GI inflammation
[9, 20]. Stool was analyzed as previously reported using a com-
mercially available ELISA technique (Genova Diagnostics, Ashe-
ville, N.C., USA) [9, 20].

Gastric Emptying

Gastric emptying was determined every 2 weeks using the 1*C-
octanoic acid breath test as described previously [10, 11, 21]. The
half emptying time (time required to empty half the stomach con-
tents) and the gastric emptying coefficient (rate of gastric empty-
ing per unit time unique to the breath test) were calculated [21, 22].

Data Analysis

Each day it was noted whether the infant was on full gavage
feedings or not. The feeding volume (ml/kg/day) each day was
calculated (including the time on full gavage feedings). We also
determined the feeding volumes (ml/kg/day) prior to the time the
infant achieved full gavage feedings. Both the postnatal age at
which full gavage feedings were reached and the number of days
of feeding prior to the attainment of full gavage feedings were
noted. These measures were used as outcomes.

The generalized estimating equations (GEE) technique pro-
vided in SPSS 17.0 was used to assess the effect of GRV, abdominal
distention, lactase activity, GI permeability, fecal calprotectin
concentration, and gastric emptying on the feeding outcomes.
GEE is a multivariable method that accounts for potential con-
founders in determining how predictor variables are associated
with the dependent variable(s). GEE accounts for correlation be-
tween repeated measures obtained over time on each subject and
allows control of time-dependent covariates such as postnatal age,
type of feeding (e.g. formula), and weight. The method assumed
the Poisson, binomial, normal or gamma distribution for out-
comes that were counts, dichotomies, continuous normal or con-
tinuous right skewed, respectively. The within subject correlation
structure was assumed to be AR(1) which is appropriate for lon-
gitudinal data. Mean values for each infant were calculated and
then used to calculate group means. The sample size in this study
(n = 50) was sufficient to detect a correlation of 0.4 or greater be-
tween feeding outcomes and predictors with a type I error of 0.05
and power of 0.80. We presumed that correlations of <0.4 were
not clinically important. Data are expressed as mean * SD.

Results

A total of 50 infants were enrolled in the study. Mean
birth weight was 1,200 % 330 g, and mean gestational age
atbirth was 28.6 £ 2.2 weeks. Full feedings were achieved
at 21.0 £ 12.8 (range 7-63) days of age and after 16.5 *
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10.9 (range 6-53) days of feeding. Eight infants received
human milk and human milk fortifier, 27 human milk,
human milk fortifier, and formula, 10 formula alone, and
5 human milk and formula. Mean weight gain was 23.0
* 6.3 g/day,and mean linear growth was 0.13 £ 0.09 cm/
day (from birth until time of discharge).

For each infant, the mean GRV prior to full gavage
feedings being achieved was 5.3 * 3.3 (range 0.0-12.4)
ml/day or 3.3 £ 2.1 (range 0.4-9.5) ml/kg/day. For each
infant, the mean number per day of GRVs >50% of the
previous feeding prior to full gavage feedings being
achieved was 0.05 % 0.12 (range 0.00-0.72) and the mean
number per day of GRVs >2 ml/kg/day prior to full ga-
vage feedings being achieved was 0.3 * 0.3 (range 0.0-
1.6). No residuals were green-colored. The mean number
of days with abdominal distention prior to full gavage
feedings being achieved was 0.03 £ 0.07 (range 0.00-
0.30). The mean number of emeses per day prior to full
gavage feedings being achieved was 0.3 %+ 0.4 (range 0.0-
2.0). The mean number of stools per day prior to full ga-
vage feedings being achieved was 2.5 * 1.0 (range 0.6-
5.1). One infant had confirmed necrotizing enterocolitis.
A total of 46/50 infants received continuous positive air-
way pressure (CPAP). The mean and median duration of
CPAP therapy was 15.8 and 7 days, respectively. Thus, the
vast majority of infants were not on CPAP therapy at the
time the GI tests were done.

The results of lactase activity, GI permeability, fecal
calprotectin concentration, and gastric emptying mea-
surements are shown in table 1. Although we attempted
to repeat the measurements regularly as described in the
Methods, neonatologists’ permission dictated that this
could not be accomplished with the desired frequency.
Although more than 4 studies were carried out, the num-
ber of infants who had more than this number was small.
Asaresult, we did not have confidence in the mean values
obtained beyond the fourth study. Consequently, we only
used the data from the first four studies (table 1). For the
lactase and permeability studies, 3 of the 110 values for
each study were >3 SD of the mean, so these values were
excluded.

The number of GRVs >2 ml/kg tended to decrease
with postnatal age (p = 0.06, B = -0.012, 95%). There was
no change with postnatal age in GRV >50% or GRV.
There was no change with postnatal age in the number of
days with abdominal distention or in the number of
stools per day. There was no change with postnatal age in
lactase activity, GI permeability, fecal calprotectin con-
centration, or gastric emptying (half emptying time or
gastric emptying coefficient).
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Table 1. Measurements

Study 1 Study 2 Study 3 Study 4
Postnatal age, days! 28%13 44+ 14 62*16 74+£25
Number of infants 42 33 22 7
Lactulose/lactose? 8.6%13.2 47%129 20%2.1 24%1.0
Lactulose/mannitol? 0.077x0.130 0.145%+0.194 0.133+0.191 0.067 £0.071
Sucralose/lactulose? 22.7%355 16.3£27.6 14.4%18.1 6.1%£6.8
Sucralose, mg over 6 h 3431 34%23 32+31 2925
Postnatal age, days! 29%14 36x14 48+ 14 54x15
Number of infants 46 25 13 7
Calprotectin, pg/g 266+ 14 368 283 311224 273 +245
Postnatal age, days! 28+16 44 %20 67*15
Number of infants 38 30 9
Half emptying time, min 136+72 186 =301 130+30 ND
Gastric emptying coefficient 3.6%£0.7 34%0.7 34+04 ND

Unless otherwise indicated, the values are mean * SD. ND = Not done.

! Refers to postnatal age when the studies
2 Expressed as the ratio of urine to milk.

were carried out.

The feeding outcomes (on full feedings or not, feeding
volume in milliliters per kilogram per day, feeding vol-
ume in milliliters per kilogram per day prior to the time
of full gavage feedings, and time to full gavage feedings)
were compared with the GRV and the GI tests. There was
asignificant relationship between lactase activity and the
feeding volume in milliliters per kilogram per day prior
to the time full feedings were achieved (p = 0.007, B =
0.164). There was no correlation detected between the
feeding outcomes and GRV (ml/day), GRV >50%, GRV
>2 ml/kg, small bowel, colonic, or whole bowel permea-
bility, fecal calprotectin concentration, gastric emptying
(half emptying time or gastric emptying coefficient), or
abdominal distention (even when accounting for CPAP
treatment). Adding the covariates postnatal age, gesta-
tional age at birth, gestational age at the time of study, age
when feedings started, or weight did not influence the
results to any significant degree.

Discussion

Although a number of clinical observations (e.g. gas-
tric residuals, abdominal distention) have been used to
guide feeding advancement, most are based on consensus
orlocal belief, and there are few data upon which to assess
their usefulness [3]. Our prospective data suggest that
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there are few factors which are predictive of the attain-
ment of full gavage feedings in preterm infants.

Gastric residuals and abdominal distention are used
most often to guide feeding therapy because of the belief
that a certain amount of GRV and/or distention reflects
feeding intolerance [1]. However, except for the extreme
case when the stomach is not emptying due to obstruc-
tion or gastroparesis, the relationship between GRV and
an inability to tolerate gavage feedings has been stated to
be unclear [3]. In a previous randomized trial of bolus
versus continuous feeding in preterm infants we demon-
strated that neither increased GRV nor abdominal dis-
tention was associated with a delay in attaining full ga-
vage feedings [12]. However, the different feeding meth-
ods used in that study may somewhat cloud that
interpretation [12]. In the current study, all infants were
fed by gavage. In the current study, the three methods of
assessing GRV (ml/day, >50% of the volume of the pre-
ceding feeding, >2 ml/kg) bore no relationship with the
gavage feeding outcomes. Similarly, abdominal disten-
tion had no predictive value for feeding outcome, even
when accounting for the use of CPAP which may induce
abdominal distention. Mihatsch et al. [2] retrospectively
evaluated their data from a large feeding trial to deter-
mine the factors that predicted feeding volume at 14 days
of age. They observed that feeding volume was inversely
related to the number of GRV that was 0 ml in volume or
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milky [2]. However, no data were provided as to whether
there was a relationship with feeding volume or when full
gavage feedings were achieved [2]. Particularly for pre-
term infants, use of GRV to determine feeding advance-
ment may be a ‘self-fulfilling prophecy’. By arbitrarily
setting a GRV to guide feeding, the time to full gavage
feeding in some cases may be predetermined.

Data on GRV in adult studies show that GRV does not
correlate well with clinical outcome, and aggressive use
of GRVs may cause unwarranted delays in feeding ad-
vancement [23]. Further, GRV is very dependent on pa-
tient position, tube placement, and type and size of feed-
ing tube used [23].

To potentially obviate the influence of arbitrary stan-
dards on feeding advancement, we also sought to deter-
mine if there was a relationship between the feeding
outcomes and possibly more objective measures of GI
function/state. Consequently, we compared the feeding
outcomes with GI tests.

Lactase activity increases fourfold in the last trimester
[24]. We have previously shown that lactase activity also
increases postnatally in preterm infants [5, 25]. It is un-
clear why we did not observe a relationship with postna-
tal age in the current study (table 1). However, the infants
in the present study were older than those in our previous
studies, and it is possible that we missed the period when
the increase is the greatest [5, 25].

Other investigators have shown that reducing the lac-
tose intake decreases the risk of feeding intolerance and
can enhance weight gain in preterm infants [26, 27]. In-
deed, in our current study, there was a positive relation-
ship between lactase activity and the feeding volume in
milliliters per kilogram per day prior to the time full ga-
vage feedings were achieved. That is, the greater the lac-
tase activity, the greater the volume of feeding that could
be given. Whether this relationship is related to inher-
ently greater lactase activity in some infants and/or stim-
ulation of lactase by feeding requires further studies. Data
suggest that both mechanisms may be operative, but their
respective contributions remain to be determined [5, 25].

Increased GI permeability is associated with a number
of inflammatory conditions of the GI tract [16, 17, 19].
However, we found no relationship between GI permea-
bility and the feeding outcomes. Small intestinal perme-
ability increases and then decreases with age in the pre-
term infant [8]. It is possible that these developmental
changes in small intestinal permeability may obscure any
relationship with feeding intolerance. To our knowledge,
whole bowel and colonic permeability have not been
measured previously in preterm infants.

42 Neonatology 2011;99:38-44

Calprotectin is a calcium-binding protein found in
neutrophils, monocytes, and macrophages, which resists
degradation in the GI tract, is excreted in feces, and is a
noninvasive measure of GI inflammation [28-30]. How-
ever, our data demonstrated no relationship between fe-
cal calprotectin concentration and the feeding outcomes.
It is possible that the known elevated levels of fecal cal-
protectin in this population masked our ability to iden-
tify a relationship [20]. The values we report are similar
to those reported for term infants [31].

Increased GRYV is believed to be related, in part, to
delayed gastric emptying. Thus, we anticipated that the
feeding outcomes would correlate with gastric emptying.
Carlos et al. [32], using ultrasound, suggested a relation-
ship between the time for maximal antral distention and
half antral clearance between feeding intolerant and tol-
erant infants as defined by a GRV >50%. These ultra-
sound data appear to be in conflict with those from Ber-
seth et al. [33] who, using manometry, demonstrated that
gastric antral motor activity is similar between term and
preterm infants. Our results are not directly comparable
with those of Carlos et al. [32] because of the different
methodologies and the different ages when the infants
were studied. We have shown previously in preterm in-
fants that the gastric emptying rate is correlated positive-
ly to birth gestational age but not to postnatal age [11].
Although the mean half emptying times we observed
may suggest that the stomach would not be empty by the
time of the next feeding (i.e. every 3 h), gastric emptying
is nonlinear with the rate increasing with time [34]. Thus,
it is possible that the stomach could be almost empty by
3 h. On the other hand, a small delay would explain why
some residual would be in the stomach prior to the next
feeding and, therefore, may still be ‘physiologic’. This rate
of emptying is comparable to that seen in our earlier
smaller study examining the dietary factors controlling
gastric emptying [11].

Abdominal distention could also result from poor mo-
tor function beyond the stomach (i.e., the small intestine).
Studies demonstrate that the motor function of the small
intestine is underdeveloped in preterm infants [35]. Al-
though stooling pattern would seem to provide some in-
sight into GI motor activity, feeding or lack thereof alone
would influence stooling frequency. Thus, it is not pos-
sible to use this as a predictor of feeding outcome.

Some limitations to our study should be noted. In
some cases, we were not able to carry out the GI tests well
in advance of when the infants received full gavage feed-
ings. Thus, their ability to predict full gavage feedings
may have been compromised. Similarly, it is possible that
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if the GI tests could have been done with more frequency;,
we would have observed a closer relationship with feed-
ing outcome. However, these critiques do not apply to
the results of the GRV and abdominal distention data as
these were recorded from the first day of feeding. That
lactase activity and GI permeability are still undergoing
large changes beyond 28 days of age in preterm infants
could imply that these tests might be related to feeding
intolerance as reflected by feeding volume [5, 8]. How-
ever, this was not the case.

It should be noted that our results apply to the GRV
thresholds that were tested. It is possible that different
results would accrue using different GRV thresholds.
However, our finding that there was not a relationship
between GRV and feeding intolerance finds some sub-
stantiation in the study by Cobb et al. [36] who noted a
large degree of overlap in GRV between infants who did/
did not develop necrotizing enterocolitis.

We speculate that delays in attaining full feedings are
probably related to multiple factors (such as those we test-
ed) acting simultaneously. In addition to the factors we
tested, other components of the GI tract known to be im-

mature may also contribute (e.g. immature small and/or
large bowel motility, low lipase activity, an unstable intes-
tinal microbiome). Although we attempted to test as
many factors as frequently as we could, testing them all
simultaneously would be too much burden for a (very)
low birth weight infant, particularly since testing longi-
tudinally as soon after birth as possible would be optimal.

In summary, GRV, abdominal distention and, except
for lactase activity, GI tests did not show correlations with
feeding outcomes. Studies are needed in which infants
are randomized to different GRV management protocols
to determine if GRV can be used to direct feeding man-
agement and affect feeding outcome.
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