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KEYWORDS Abstract Background: We hypothesized that gallbladder (GB) volume is affected by serial

enteral feeding, changes during the early infancy period in extremely premature infants.

extremely premature Methods: We conducted a prospective study of extremely premature infants admitted to the
infants, neonatal intensive care unit of Fukushima Medical University Hospital, Fukushima City, Japan

gallbladder volume, between January 2014 and December 2015. GB volume was measured by an abdominal ultra-

ultrasonography sound ellipsoid method between Day 0 and Day 56 after birth within 60 minutes before enteral

feeding. We calculated GB volume (mL)/weight (kg), which was evaluated as GV/W.
Results: In total, 30 infants were included. The median gestational age of the infants was
26 weeks 5 days (range, 23 weeks 1 day—28 weeks 6 days), and the median birth weight was
731 g (range, 398—1220 g). The detection rate of GB decreased in the infants over time; the
rates were > 93% between Day 0 and Day 7 and < 77% between Day 10 and Day 56 after birth.
GV/W decreased in the infants over time. The median GV/W values were 0.18 (range, 0.05
—0.59) in infants on admission and constantly < 0.05 in those between Day 10 and Day 56 after
birth. There was no correlation of GV/W with clinical variables after birth.

Conclusion: It is considered that GB volume is not affected by serial changes without nonfavor-
able course of enteral nutrition.
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Introduction

Neonatal mortality rates for extremely premature infants
have decreased [1,2]. Most of the major advances in this
remarkable improvement are attributable to specialized
techniques, such as high-frequency ventilation, continuous
positive airway pressure applications, prenatal corticoste-
roid treatment of the mother about to deliver, postnatal
artificial surfactant treatment, and an expanding array of
nutritional strategies, including new formulas, supplements
to milk, and intravenous nutrient solutions [3]. Some infants
are able to advance enteral nutrition quickly, particularly
breastfed infants [4]. However, providing parenteral nutri-
tion has risks, such as infection, thrombosis, and other
complications associated with central venous access, and
cholestasis [5]. Therefore, it is important to clarify the
extent to which infants that reach full enteral nutrition at a
rapid rate also benefit from parenteral nutrition [6].

The development of gallbladder (GB) function depends
on the integrated maturation of digestive, absorptive, and
motor functions [7]. Although an adequate bile acid level in
the intestines enhances fat absorption, malabsorption of fat
and intolerance to enteral feeding is particularly common in
premature infants. Reference values for the evaluation of
neonatal GB size provide insight into the normal GB di-
mensions of neonates under enteral nutrition [8,9].
Although Lehtonen et al [10] reported that the development
of postprandial GB bile acid level in very premature infants
is dependent on gestational age (GA), the most important
determinant of the response of GB is bolus volume. Post-
natal age, postconceptional age, and duration of enteral
feeding are not important for the maturation of GB
contractility. It is considered that the development of
postprandial intestinal activity is mainly determined by the
duration of enteral feeding and the increase in feed volume,
which is dependent on the clinical condition of infants; in-
fants in stable conditions are fed larger volumes earlier.

Recent laboratory findings suggest that GB secretion is
induced by cytokines [9]. In vitro biliary epithelial cells
respond to interleukin (IL) 6, resulting in the production and
secretion of cytokines in an autocrine/paracrine manner
[11,12]. Previous studies have demonstrated an association
between higher levels of typical proinflammatory cytokines,
such as IL-1B, -6, and -8, in the tracheal aspirate of the
mechanically ventilated preterm infant and the later
development of bronchopulmonary dysplasia (BPD) [13,14].
Yoon et al [14] also reported that the initiation of the in-
flammatory response can already occur in utero, i.e., in the
case of chorioamnionitis (CAM). These conditions might
contribute to an enhanced secretory function resulting in GB
distension. However, to the best of our knowledge, volu-
metric analysis of GB in extremely premature infants has not
been performed to determine correlations among clinical
variables and over time after birth. Our objective was to
evaluate GB volume by assessing serial changes during the
early infancy period in extremely premature infants.

Materials and Methods

We conducted a prospective study of extremely premature
infants who were admitted to the neonatal intensive care

unit (NICU) of Fukushima Medical University Hospital,
Fukushima City, Japan between January 2014 and
December 2015. Some infants were considered not eligible
for this study on the basis of the following predefined
exclusion criteria: (1) death; (2) a history of intestinal
operation; and (3) chromosome anomaly. Written informed
consent was obtained from the parents, and this study was
approved by the Ethics Committee of our hospital (No.
1872).

Definitions

Day 0 is defined as the day of birth. GA was determined
from the last maternal menstrual period, obstetric history
and examination, and prenatal ultrasound findings. Small
for GA (SGA) was defined as a birth weight (BW) under the
10" percentile for GA in accordance with the gender-
specific growth charts of Itabashi et al [15]. The histologic
criterion based on Blanc’s criteria [16] for CAM was the
presence of accumulated leukocytes extending across the
fetal membranes. The conventional view has been that BPD
is caused primarily by oxidant- and ventilation-mediated
injury [17]; severe BPD was defined as oxygen depen-
dence (FiO, > 0.3) for > 36 weeks postmenstrual age or the
need for positive pressure respiratory management (posi-
tive pressure ventilation or nasal continuous positive airway
pressure) during hospitalization [18]. Patent ductus arte-
riosus (PDA) ligation was performed on infants with symp-
tomatic PDA, which shows a poor response to repeated
indomethacin therapies. Intraventricular hemorrhage (IVH)
was diagnosed on the basis of ultrasonography findings and
graded in accordance with the definitions by Papile et al
[19]. Sepsis was diagnosed when there was a systemic
response to a possible infection; evidence of bacteremia or
an infectious focus was not required [20]. Clinical infection
was diagnosed on the basis of shock vital signs (> 1 of the
following 3 signs: hypotension, oliguria, and increased de-
mand for oxygen treatment), and C-reactive protein posi-
tivity (> 0.3mg/dL) after 7 postnatal days. Hypotension was
defined as a systolic pressure of < 40 mmHg or a 20%
reduction from the previous value, oliguria as a urine
output of < 1 mL/kg/h during a 4-hour interval, and
increased oxygen treatment as a rapid increase in the
fraction of inspired oxygen by > 0.1 [21]. Periventricular
leukomalacia (PVL) was diagnosed on the basis of magnetic
resonance imaging findings [22]. Retinopathy of prematu-
rity (ROP) was diagnosed by an ophthalmologist in our
hospital and classified in accordance with the international
classification of ROP [23]. Retinal photocoagulation was
performed on infants whose ROP progressed to stage 3b.
Full enteral feeding was defined as the successful intake of
at least 100 mL/kg/d. These definitions were used consis-
tently throughout the study period.

Nutritional management

Enteral feeding with very small amounts (< 0.1 mL) of
breast milk was started as a part of routine management as
soon as possible after birth in our NICU. Enteral feeding was
performed every 3 hours, eight times a day, and the feed
consisted of breast milk or milk formula (icreo, ICREO CO.,
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LTD., Tokyo, Japan) administered via a gastric tube. The
gastric tube (JF-C05040PUS, JMS, Ltd., Hiroshima, Japan)
used was 5 FR x 40 cm. The feed volume was increased
from 5 mL/kg/d to 10 mL/kg/d as the infant’s tolerance to
the feed increased. When they showed recurrent vomiting
or formed large amounts of gastric residues (more than the
bolus volume at a time), the volume of the feed was
temporarily not increased or the feeding was discontinued.
Parenteral nutrients with amino acids (AAs) (Pleamin-P In-
jection, Fuso Pharmaceutical Industries, Ltd., Osaka,
Japan) were continuously infused 0.5 g/kg/d on Day 1 after
birth and increased up to 2.0 g/kg/d every 3 days (0.5 g/kg/
d, 3 days; 1.0 g/kg/d, 3 days; 1.5 g/kg/d, 3 days). The
infusion was discontinued within 3 days when enteral full
feeding was reached. No fat supplement was administered
intravenously during this study period.

Measurements

Ultrasonography was performed employing a 12 MHz small-
parts transducer (EPIQ7: Philips Ultrasound, Bothell, WA,
USA). Maximal GB dimensions were measured by a single
investigator on Day O, Day 2, Day 5, Day 7, Day 10, Day 14,
Day 21, Day 28, Day 35, Day 42, Day 49, and Day 56 after
birth within 60 minutes before enteral feeding. GB volume
was examined by the ellipsoid method [24]: 1/
6 x ™ x maximum length x lateral diameter?. The plani-
metric ellipsoid size of GB was measured on the basis of its
maximal longitudinal ultrasonographic image (Figures 1A
and 1B). Each parameter was measured three times
consecutively, and the mean maximum length and width
were calculated. Body weight was measured once a week
during endotracheal ventilation, and every day after
endotracheal ventilation was discontinued. GB data were
standardized using body weight. Finally, we calculated GB
volume (mL)/weight (kg), which was evaluated as GV/W.
“Undetected” was indicated when the investigator was
unable to detect GB within 5 minutes of examination.

Laboratory examination was performed on Day 0, Day 7,
Day 14, Day 28, and Day 56 after birth as a part of routine
management in our NICU.

Figure 1

Data collection and statistical analysis

The data shown below were collected from perinatal case
records. The continuous variables were as follows: GA, BW,
umbilical artery hydrogen ion concentration (UmApH), 5-
minute Apgar score, duration of endotracheal ventilation,
days to first enteral feeding after birth, days to successful
enteral intake of 50 mL/kg/d, days to full enteral feeding,
duration of AA administration, days to reach 1500 g of
weight, and levels of gamma-glutamyl transpeptidase
(yGTP), total bile acid (TBA), total bilirubin (TB), direct
bilirubin (DB), and amylase (AMY). The categorical variables
were as follows: sex, birth number, SGA, delivery type,
antenatal steroid usage, CAM, respiratory distress syn-
drome (RDS), severe BPD, PDA ligation, IVH grade 3 or 4,
sepsis, necrotizing enterocolitis (NEC), PVL, and ROP
requiring coagulation therapy. All univariate analyses were
performed using Dr. SPSS Il for Windows (SPSS Inc., Chicago,
IL, USA). Statistical significance was defined as p < 0.05.
The correlations of GV/W and perinatal factors with
continuous variables were determined using Spearman’s
rank correlation. The correlation was applied to 99 ana-
lyses, and the final candidate selection was done by
filtering for the Bonferroni correction for multiple com-
parisons (p < 0.0005). The associations of GV/W and peri-
natal factors with categorical variables were determined by
the Mann—Whitney U test where appropriate, and data are
presented as median with range. The test was applied to 60
analyses, and the final candidate selection was done by
filtering for the Bonferroni correction for multiple com-
parisons (p < 0.0008).

Results
Patients

Forty extremely premature infants (< 28 weeks of GA) were
admitted to our hospital during the study period. Ten in-
fants were excluded on the basis of the predefined criteria.
Of the 30 extremely premature infants included, the

b

Sagittal sonographic section abdominal right upper quadrant. Pear-shaped cystic mass at a location in gallbladder (GB)

in an infant with 26 weeks of gestational age on (a) Day 2 and (b) Day 49 after birth. The planimetric ellipsoid size of GB was

measured on the basis of its maximal longitudinal image.
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following were their GAs: three at 23 weeks, four at
24 weeks, four at 25 weeks, nine at 26 weeks, two at
27 weeks, and eight at 28 weeks. None of the infants have
hepatobiliary diseases (biliary atresia, cholestatic hepati-
tis, and sludge or stone formation in the GB).

Clinical characteristics of 30 infants

Table 1 shows the perinatal characteristics of the 30 in-
fants. Females were 46.7% and consisted of 22 (73.3%)
singletons and eight (27.7%) twins. The median GAs of the
infants was 26 week 5 days (range, 23 week 1 day—28 week
6 days). The median BW of the infants was 731 g (range,
398—1220 g). In total, 26 (86.7%) infants were delivered by
cesarean section, and 23 (76.7%) infants were born to
mother with antenatal steroid usage. Eleven (36.7%) infants
experienced CAM.

Clinical courses

Table 2 shows the clinical courses of the 30 infants. The
median duration of endotracheal ventilation of the infants
was 33 days (range, 0—113 days). Seven (23.3%) infants
experienced severe BPD, and two (6.7%) infants underwent
PDA ligation. The median days to first and full enteral
feedings after birth were 1 day (range, 0—4 days) and
13 days (range, 9—22 days), respectively. Moreover, the
median number of days to reach 1500 g weight was 60
(range, 35—105 days).

Measurement of GB

Figure 2 shows the detection rate of GB in the infants be-
tween Day 0 and Day 56 after birth. The rate decreased in
the premature infants over time. The rate between Day
0 and Day 7 after birth was > 93%, whereas that between
Day 10 and Day 56 after birth was < 77%.

Table 1 Characteristics of 30 infants.

Characteristic n = 30

Sex (female) 14 (46.7)

Singleton (birth No.) 22 (73.3)

GA (wks) 26 wk 5d (23 wk 1 d—28 wk 6 d)
BW (g) 731 (398—1220)

SGA 6 (20.0)

Cesarean section 26 (86.7)

(delivery type)
Birth place, in born 30 (100)
UmApH 7.346 (6.658—7.414)
5-min Apgar score 6 (0—-8)
Antenatal steroid usage 23 (76.7)
Chorioamnionitis 11 (36.7)

BW = birth weight; GA = gestational age; SGA = small for
gestational age; UmApH = umbilical artery hydrogen ion con-
centration.

SGA was defined as a birth weight under the 10*" percentile for
GA in accordance with the gender-specific growth charts of
Itabashi.

Data are presented as n (%) or median (range).
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Table 2 Clinical courses of 30 infants.
Courses n =30
Duration of endotracheal ventilation (d) 33 (0—113)
RDS 25 (83.3)
Severe BPD 7 (23.3)
PDA ligation 2 (6.7)
IVH grade 3 or 4 4 (13.3)
Sepsis 3 (10.0)
NEC 1(3.3)
PVL 0 (0)
ROP requiring coagulation therapy 13 (43.3)
Days to first enteral feeding after birth (d) 1 (0—4)
Days to successful intake of 50 mL/kg/d (d) 9 (6—18)
Days to full enteral feeding (d) 13 (9-22)
Duration of AA administration (d) 16 (8—60)
Days to reach 1500 g weight (d) 60 (35—105)
Data are presented as n (%) or median (range).
AA = amino acid; BPD = bronchopulmonary dysplasia;
IVH = intraventricular hemorrhage; NEC = necrotizing

enterocolitis; PDA = patent ductus arteriosus; PVL, periven-
tricular leukomalacia; RDS = respiratory distress syndrome;
ROP = retinopathy of prematurity.

Figure 3 shows GV/W in the infants between Day 0 and
Day 56 after birth. GV/W decreased in the premature in-
fants over time. The median GV/W value of the infants on
admission was 0.18 (range, 0.05—0.59), whereas that of the
infants between Day 14 and Day 56 after birth was
constantly < 0.05.

Relationships between GV/W and perinatal
variables

Table 3 shows the relationships between GV/W and peri-
natal variables. Determined by the Spearman’s rank

Detection rate (%)

100 oo
80
60 - -
40

20

0 10 20 30 40 50 60
Day after birth

Figure 2 Detection rate (%) of gallbladder (GB) in the infants
between Day 0 and Day 56 after birth: 100% on Day 0, 100% on
Day 2, 96.7% on Day 5, 93.3% on Day 7, 66.7% on Day 10, 73.3%
on Day 14, 70.0% on Day 21, 60.0% on Day 28, 66.7% on Day 35,
63.3% on Day 42, 76.7% on Day 49, and 56.7% on Day 56. Days to
first enteral feeding and successful intake of 50 mL/kg/d after
birth were 1 (0—4) and 9 (6—18), respectively. Finally, a day to
full enteral feeding was 13 (9—22). The detection rate of GB
gradually decreased with the progress of enteral feeding in the
extremely premature infants over time.



Table 3  Relationships between gallbladder volume/weight (GV/W) and perinatal variables determined by univariate analysis. Determined by the Spearman’s rank correlation
with Bonferroni correction, GV/W on Days 0 and 14 were significantly associated with days to reach 1500 g weight and yGTP level

on Day 14, respectively (p = 0.001, rs = 0.65 and p = 0.001, rs = —0.75). GV/W on Day 21 was also significantly associated with

birth number determined using the Mann—Whitney U test with Bonferroni correction (p = 0.001).

Day after birth 0 2 5 7 10 14 21 28 35 42 49 56
GV/W

Variable rs p rs p rs p rs p rs p rs p rs p rs p rs p rs p rs p rs p

Gestational —0.31 0.10 —-0.21 0.26 —0.13 0.51 0.06 0.75 —0.13 0.59 —0.15 0.50 —0.55 0.01 —0.3 0.23 —0.24 0.31 —0.19 0.44 0.04 0.87 0.26 0.34
age (wk)

Birth —0.46 0.01 —0.32 0.09 —0.46 0.01 —0.3 0.12 —0.1 0.69 —0.38 0.08 —0.41 0.07 —0.23 0.35 0.09 0.69 —0.50 0.03 —0.28 0.22 —0.43 0.10
weight (g)

First enteral 0.06 0.75 —0.09 0.63 —0.03 0.88 0.09 0.63 —0.15 0.53 -0.19 0.41 0.33 0.15 0.11 0.68 0.47 0.04 0.34 0.61 —0.12 0.59 —0.07 0.80
feeding
after birth (d)

Successful 0.14 0.46 0.06 0.75 0.29 0.04 0.51 0.01 0.10 0.69 0.23 0.30 0.22 0.34 0.09 0.74 0.40 0.08 0.27 0.27 —0.05 0.81 —0.19 0.48
enteral
intake of
50 mL/kg/d (d)

Full enteral 0.18 0.35 0.10 0.59 0.31 0.11 0.42 0.03 0.14 0.57 0.29 0.20 0.22 0.33 0.10 0.70 0.43 0.06 0.26 0.27 —0.06 0.79 —0.25 0.34
feeding (d)

Duration of 0.44 0.01 0.30 0.11 0.25 0.20 0.06 0.75 0.17 0.49 0.31 0.17 0.47 0.03 0.13 0.61 —0.17 0.48 —0.08 0.74 0.11 0.63 —0.14 0.60
endotracheal
ventilation (d)

Weights 0.65 0.001* 0.52 0.01 0.51 0.02 0.26 0.24 0.11 0.67 0.27 0.31 0.57 0.01 0.47 0.09 0.25 0.34 0.68 0.01 0.33 0.18 0.30 0.29
reached
1500 g (d)

YGTP (U/L) —0.19 0.32 —0.27 0.18 —0.75 0.001* 0.16 0.54 0.16 0.65

wl

‘e 19 ednwiew| |
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Figure 3  Gallbladder volume/weight (GV/W) in infants be-

tween Day 0 and Day 56 after birth. The following were their
median GV/W values (range): 0.18 (0.05—0.59) on Day 0, 0.22
(0.01-0.90) on Day 2, 0.11 (0.02—2.61) on Day 5, 0.06
(0.01—-0.82) on Day 7, 0.02 (0.01—0.65) on Day 10, 0.03
(0.01—0.45) on Day 14, 0.02 (0.01—0.44) on Day 21, 0.02
(0.01-0.53) on Day 28, 0.03 (0.01—1.04) on Day 35, 0.04
(0.01—-0.38) on Day 42, 0.03 (0.01—0.41) on Day 49, and 0.02
(0.01—0.26) on Day 56. Days to first enteral feeding and suc-
cessful intake of 50 mL/kg/d after birth were 1 (0—4) and 9
(6—18), respectively. Finally, a day to full enteral feeding was
13 (9—22). The GV/W gradually decreased with the progress of
enteral feeding in the extremely premature infants over time.

correlation with Bonferroni correction, GV/W on Day 0 and
Day 14 were significantly associated with days to reach
1500 g weight and yGTP level on Day 14, respectively
(p = 0.001, rs = 0.65 and p = 0.001, rs = —0.75,
respectively). GV/W on Day 21 was also significantly asso-
ciated with birth number determined using the Man-
n—Whitney U test with Bonferroni correction (p = 0.001).
GV/W did not correlate with the following perinatal vari-
ables: sex, GA, BW, SGA, delivery type, birth place,
UmApH, 5-minutes Apgar score, antenatal steroid usage,
CAM, duration of endotracheal ventilation, RDS, severe
BPD, PDA ligation, IVH grade 3 or 4, sepsis, NEC, PVL, ROP
requiring coagulation therapy, days to first enteral feeding
after birth, days to successful enteral intake of 50 mL/kg/
d, days to full enteral feeding, duration of AA administra-
tion, and levels of TBA, TB, DB, and AMY between Day 0 and
Day 56 after birth.

Discussion

To the best of our knowledge, this is the first study in which
GB volume in extremely premature infants was evaluated
by assessing serial changes during the early infancy period.
In this study, we obtained large amounts of neonatal GB
data under both enteral nutrition and total parenteral
nutrition (TPN). Moreover, we observed that GB in
extremely premature infants is fully distensible at birth;
however, both the detection rate of GB and GV/W
decreased with the progress of enteral feeding in the pre-
mature infants over time. Although extremely premature
infants easily develop clinical complications, there was no
correlation between GV/W and clinical variables after birth
in this study.

Lehtonen et al [10] observed the dependence of devel-
opment of postprandial GB contractility in very premature
infants (GA, 24—37 weeks) on GA with a maturational
turning point of 32 weeks of gestation. However, we
observed that the GV/W of the infants was not associated
with GA between Day 0 and Day 56 after birth. Moreover,
some clinical complications such as CAM, symptomatic PDA,
and long duration of endotracheal ventilation were also not
associated with GV/W of the infants. Although GV/W on Day
0 was associated with days to reach 1500 g weight, the
duration of AA administration was not associated with GV/
W between Day 0 and Day 56 after birth. These results
indicate that GV/W is more useful for establishing the de-
gree to which the neonatal GB contracts in response to
favorable course of enteral nutrition. TPN is effective for
supplying energy and nutrients to support growth in pre-
mature neonates [25]. Some recent evidence has demon-
strated that inadequate nutrition in premature infants in
the 1°* week results in growth retardation and may lead to
permanent detrimental effects [26]. Therefore, parenteral
nutrition is required until full enteral nutrition can be
established [27,28]. The secretion of cholecystokinin (CCK)
is chiefly stimulated by fat, proteins, and AAs, and mini-
mally by glucose [29—31]. CCK plays an important role in
regulating basal GB tone and postprandial GB contraction
[32]. A common feature of premature neonatal manage-
ment is the administration of parenteral nutrients prior to
the enlargement of GB [33]. In particular, premature in-
fants are often nourished by parenteral hyperalimentation
leading to prolonged inactivation of GB. Jawaheer et al [34]
examined the effects of continuous parenteral feeding and
bolus enteral feeding on GB contractility in premature ne-
onates. They found that GB was significantly larger in
parenterally fed infants than in enterally fed infants.
Interestingly, the detection rates of GB and GV/W were also
approximately the same after the discontinuation of AA
infusion and the increase in enteral feeding volume in this
study. These results indicate that enteral fat, proteins, and
AAs may be more potent contracts of GB than intravenous
glucose, AAs, and fat in extremely premature infants. It is
considered that the method of delivering nutrients is the
reason which gradually decreased the detection rate of GB
in the study and which may have an important role in
modulating GB functions. As none of the infants had hep-
atobiliary complications, such as cholestasis, sludge and
stone formation, or thickening of GB wall in this study, it is
necessary to include these complications that are also
induced after TPN in the evaluation in future studies.

This study has several limitations. First, although the
infants underwent abdominal ultrasonography within
60 minutes before enteral feeding, GB volume may easily
change. The features of GB were not always similar;
curving, constriction, and narrowing of GB were sometimes
observed, which may be more correctly measured by a
single or biplane method [24]. Second, intravenous glucose
and AAs theoretically have different effects on CCK secre-
tion and GB contractility. MacGregor et al [31] reported
that GB contraction is impaired by glucose infusion,
whereas CCK secretion is stimulated by AA administration.
All infants were given carbohydrate alone or in combination
with AAs in this study, which might have affected our re-
sults. Finally, this study was performed with a small number
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of infants. Moreover, the detection rate of GB decreased in
the premature infants over time. Owing to the above rea-
sons, it was difficult to perform further analysis, such as
multivariate median regression analyses.

In conclusion, we were able to better understand GV/W
in extremely premature infants by assessing serial changes
in GB volume during the early infancy period. Although
transient GB dilatation or poor contraction during the early
postnatal period may be categorized as a normal physio-
logic state, we observed that both the detection rates of GB
and GV/W decreased with the progress of enteral feeding in
the premature infants over time. It is considered that GB
volume is not affected by serial changes without a non-
favorable course of enteral nutrition. Further longitudinal
and epidemiologic studies of larger populations are neces-
sary to clarify the physiology of GB functions in extremely
premature infants.
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