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Objectives: Abdominal distention is a common indicator of feeding intolerance in
premature newborns. In the absence of a precise definition, abdominal distention and
its degree are highly subjective. The aim of this study was to construct references and
smoothed percentiles for abdominal circumference (AC) and AC to head circumference
(HC) ratio (AC/HC) in infants born between 24 weeks and 34 weeks of gestational age.

Methods: ACs and HCs were collected weekly in eutrophic premature infants without
congenital abdominal or cerebral malformation. AC and HC charts were modeled using
the LMS method, excluding measures associated with abdominal distention at clinical
examination or intracranial abnormality at cerebral ultrasounds. Changes in AC and
AC/HC over time were studied by repeated-measures analysis using mixed-effects
linear models.

Results: A total of 1,605 measurements were made in 373 newborns with a mean
gestational age of 31 [29-33] weeks and mean birth weight of 1,540 [1,160-1,968] g.
Of these measurements, 1,220 were performed in normal conditions. Gestational age,
postnatal age, singleton status, and respiratory support were significantly associated
with AC and AC/HC. LMS curves were generated according to gestational age groups
and postnatal age, with coherent profiles. AC/HC was 0.91 [0.86-0.95] in absence of
abdominal distention. It was higher in cases of abdominal distention (0.95 [0.89-1.00],
p < 0.001) and necrotizing enterocolitis (0.98 [0.93-1.07], p < 0.001).

Conclusions: References constructed for AC and AC/HC might be used to assess
feeding tolerance in premature infants. AC/HC was more relevant than AC to rationalize
the diagnosis of abdominal distention.

Keywords: abdominal circumference, abdominal distention, feeding intolerance, premature neonate, necrotizing
enterocolitis

INTRODUCTION
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Achieving full enteral feeding of premature infants is a major and daily challenge in neonatal
intensive care units (NICUs) (1). Early complete enteral feeding potentially decreases central line
complications and length of hospital stay (2). In clinical practice, decisions regarding when to stop,
maintain or increase enteral feeding are based on each infant’s feeding tolerance, evaluated daily by
the physicians in accordance with the nursing staftf and the unit practices (3).
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Feeding intolerance (FI) is a multifactorial phenomenon that
occurs frequently during the hospital stay of a premature infant
(4, 5). While FI is a benign condition in most cases, it may also
be an initial manifestation of necrotizing enterocolitis (NEC) (6).
The color and volume of gastric residuals, along with abdominal
distention, are classic indicators of FI (7, 8). Yet residuals up
to 3mL may be physiological in these patients and, therefore,
are poor predictors of FI and NEC (9, 10). An increase in
abdominal circumference (AC) has been proposed as a surrogate
of abdominal distention. A recent study compared AC to gastric
residuals to measure FI and suggested that AC use may be
associated with a shorter time to full enteral feeding (11). AC
reference values, however, are not available in very premature
infants (12). Furthermore, the relationship between an increase in
AC and the visual appearance of abdominal distention has never
been studied.

In our department, AC and head circumference (HC) are
measured weekly in premature infants to evaluate feeding
tolerance and monitor extrauterine growth. The first aim of the
present study was to establish AC and AC/HC reference values
in infants born between 24 and 34 weeks of gestational age. The
second aim was to report AC and AC/HC values in cases of
abdominal distention, NEC suspicion and confirmed NEC.

METHODS
Patients

All preterm infants with a gestational age <35 weeks and
hospitalized in the Department of Neonatal Medicine of Arnaud
de Villeneuve Hospital, Montpellier University Hospital Center,
between February 2014 and January 2016, were considered for
this study.

In order to obtain sex-specific charts for AC and AC/HC
in eutrophic premature infants, we excluded those with: (i)
a birth weight <3rd percentile or >97th percentile on the
Olsen curves (13), (ii) congenital abdominal (e.g., intestinal
atresia or duplication, omphaloceles or gastroschisis, congenital
diaphragmatic hernia, and cystic renal dysplasia) or cerebral
(e.g., fetal ventriculomegaly) malformations, and (iii) a sex
differentiation disorder.

Intervention

Anthropometric measurements (weight, length, AC and HC)
were performed weekly on a fixed day by the nurse caring for
the patient.

AC was measured by the bedside nurse with the infant
in supine position, just before feeding, using a flexible plastic
tape (Loutte, Saint-Quentin, France) positioned 1 cm above the
umbilicus (14). The tape was not tight, allowing abdominal
respiration. The measurement was recorded once, at the
end of expiration, and was accurate to the millimeter value.
This protocol for infant measurements had been implemented
in the NICU before the beginning of the study. Several
explanatory meetings were held and all nurses received a

Abbreviations: AC, abdominal circumference; FI, feeding intolerance; HC, head
circumference; NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit.

FIGURE 1 | lllustration of AC measurement.

document with precise information and photographs on the
measurements techniques (Figure1l). HC was measured at
the largest fronto-occipital circumference with the same tape.
Weight was obtained on a calibrated balance scale, included
in the incubator for intubated patients (Caleo, Driger, Liibeck,
Germany) and outside the incubator for the non-intubated (Seca
213, Hamburg, Germany).

Abdominal Examination and Transit

Assessment

The abdominal examination was performed systematically
following the weekly anthropometric measurements, and
occasionally in the presence of signs compatible with NEC.

The nurse qualified the abdomen as normal or distended.
Abdominal distention was defined by an unusual increase in
abdominal volume, with or without one of the following signs:
visibly dilated intestinal loops or a dilated venous/capillary
network, palpable meconium stasis mass, abdominal wall
discoloration or tenderness, or general discomfort of the neonate
corresponding to a score >4 on the EDIN neonatal pain and
discomfort scale (15).

According to our protocol, abdominal distention
systematically required AC and HC measurements and a
medical examination to confirm the distention and assess for
general signs of NEC.

The abdominal assessment was used to classify the
infants in one of the following groups: (i) normal abdomen
(nurse assessment), (ii) absence of NEC suspicion (medical
assessment), (iii) NEC suspicion requiring abdominal
X-ray (medical assessment), and (iv) confirmed NEC
(expert assessment).

Abdominal transit was considered adequate in the presence
of at least one stool daily the week just preceding the assessment
(16, 17).

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 37


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Setruk et al.

Abdominal Circumference in Premature Infants

Actual Diagnosis

Two expert physicians who were not involved in the infants’
management (OP and GC) analyzed the files of all patients
suspected of NEC, 10 days after the initial digestive symptoms.
On the basis of all the available evidence in the medical record,
but blind from anthropometric data, they determined whether
or not the digestive symptoms were related to NEC (18). This
initial classification was subsequently compared to the patients’
hospitalization records and no discrepancies were observed.

Nutritional Policy in the NICU

Parenteral and enteral nutrition was prescribed daily in the
NICU using an in-house computerized physician order entry
system (19) that integrates the guidelines of the European Society
for Pediatric Gastroenterology Hepatology and Nutrition (20).
Enteral feeding with non-fortified human milk was started a
few hours after birth at a volume of 10 ml/kg/day in cases of
birth weight <1,000g, small for gestational age, patent ductus
arteriosus treated with cyclooxygenase inhibitor, catecholamine
requirement, or severe respiratory distress syndrome, and it
ranged up to 20 ml/kg/day in the absence of these conditions.
Daily increases in enteral nutrition were 20 ml/kg in newborns
weighing <1,800g, and 30 ml/kg for the others provided their
respiratory and cardiovascular status was stable. Fortifiers were
added after enteral nutrition had reached a minimal volume of
70 ml/kg/day for all infants with a birth weight <1,500¢g or
born before 32 weeks of gestational age. Cessation of parenteral
nutrition and withdrawal of the central venous catheter was
performed as soon as well-tolerated enteral nutrition reached a
volume of 90 to 120 ml/kg/day, according to birth weight.

Enteral nutrition was administered continuously by a
nasogastric tube as long as the weight was <1,200g. Post-
pyloric enteral feeding was not used. Prefeed aspiration was
systematically performed in infants fed discontinuously. In
infants fed continuously, gastric residuals were assessed only in
the presence of abdominal distention or signs compatible with
NEC. Glycerin suppositories were occasionally administered if
no transit had been observed for 48 to 72 h.

Respiratory Support

Respiratory support at the time of the anthropometric
measurements and abdominal examination was classified
in five groups: (i) spontaneous ventilation (SV), (ii) high-flow
nasal cannula (HENC), (iii) nasal continuous positive airway
pressure (nCPAP), (iv) conventional mechanical ventilation
(CMV), and (v) high-frequency oscillatory ventilation (HFOV).
The HENC flow rate was set at 2 L/kg/min. The nCPAP level was
set at 4-6 cmH,O.

Statistical Analysis
Anthropometric measurements were excluded from the analysis
in the following cases: (i) NEC; (ii) after abdominal surgery,
whatever the cause; and (iii) any intracranial pathology
increasing HC. In these cases, only data collected prior to the
occurrence of these events were retained.

Smoothed percentile curves (3rd, 10th, 25th, 50th, 75th, 90th,
and 97th percentiles) for AC and AC/HC were generated from the
measures obtained in infants with normal abdominal assessment.

These were obtained using the lambda-mu-sigma (LMS) method
proposed by Cole and Green (21). The Rigby and Stasinopoulos
algorithm determined the best model, and the goodness of fit of
the final model was validated using the Q-statistics of Royston
and Wright (22).

Changes in AC and AC/HC over time were also studied by
repeated-measures analysis using mixed-effects linear models
with an autoregressive lag 1 [AR(1)] covariate structure (23).
The model took into account the random effect related to the
mother due to multiple pregnancies. The interaction between
gestational age and postnatal age was systematically assessed.
Only significantly associated variables were entered into the
model, i.e., p < 0.20 in univariate analysis and clinical relevance.
A backward selection was implemented. Least square means
(LSMeans) with their standard error (SE) and 95% confidence
interval (95% CI) are reported.

The accuracy of detecting NEC based on AC/HC
measurement was assessed using receiver operating curve
(ROC) analysis. For this analysis, we compared the AC/HC
values associated with normal examinations in patients who did
not have NEC during hospitalization to the AC/HC values at the
moment of diagnosis in 25 patients. AC/HC values associated
with abdominal distention and those measured in patients after
the occurrence of NEC were censored. The area under the ROC
was calculated by the Hanley method and compared to the value
0.5 using Wilcoxon’s W statistic. Statistical tests were performed
2-tailed and p-values <0.05 were considered significant test
results. Statistical analyses were conducted with SAS (version 9.4,
SAS Institute, Cary, NC) and R software (R 2.3.4 for Windows).

RESULTS

Population Characteristics
Six hundred and forty-seven preterm infants were admitted to
the NICU during the study period.

Of these infants, 373 (57.6%) were eligible (Figure 2): 54%
were born between 28 and 32 weeks, 14.5% before 28 weeks and
31.5% after 32 weeks. The median [IQR;5_75] values for birth
weight, length and HC were, respectively, 1540 [1,160-1,968] g,
41 [36-44] cm, and 28.5 [26-30.5] cm. The characteristics of the
population are indicated in Table 1. Of the 373 infants, 224 (60%)
remained in the department until home discharge, 134 were
transferred to another care facility (36%), and death occurred
in 15 cases (4%). The number of patients available for weekly
anthropometric measurements until home discharge was 37 out
of 54 for premature infants <28 weeks (69%), 126 out of 202
for premature infants 28-32 weeks (62%), and 61 out of 117 for
premature infants >32 weeks (52%).

Anthropometric Measurements

In all, 1,605 anthropometric measurements were analyzed,
corresponding to 4.0 (2-6) measurements per infant. According
to the gestational age classes, this number was 8 (6-10) for
premature infants born before 28 weeks, 5 (3-6) for those born
between 28 and 32 weeks, and 2 (1-3) for the those born after
32 weeks. The respiratory status at the moment of measurement
was spontaneous ventilation in 52% of the cases, non-invasive
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Assessment for eligibility (n=647)

Ineligible infants (n=274)
v SGA (n=94)
v Abdominal malformations (n=20)
V' Cerebral malformation (n=3)
v’ Macrosomy (n=3)
v’ Genetic syndrom suspicion (n=7)
v’ Death before first measure (n=8)
v Discharge before first measure (n=128)
v Disorder of sex development (n=1)
v Unknown gestational age (n=4)
v IVH 3 or 4 before first measure (n=6)

Vv

Enrolled infants (n=373)

FIGURE 2 | Flowchart of the population. SGA, small for gestational age; IVH, intraventricular hemorrhage.

support with HFNC or nCPAP in 45%, and invasive ventilation
with CMV or HFOV in 3%.

AC and AC/HC Data in Cases of Normal

Abdominal Assessment

A total of 1,220 (76%) abdominal examinations were considered
normal. Therefore, the ACs and HCs measured in this condition
were used to generate the normal AC and AC/HC values. The
median [IQRy5_75] values for AC and AC/HC were, respectively,
27.0 [24.5-29.0] cm and 0.91 [0.86-0.95]. The median [IQR,5_75]
time interval between two measurements for these data was 7
(7) days.

The AC and AC/HC LMS curves were generated from 256
measurements for neonates born before 28 weeks (21%), 744
measurements for those born between 28 and 32 weeks (61%),
and 220 for those born after 32 weeks (18%). They are presented
in Figures 3, 4, respectively. Figure 5 shows the projection of our
values on the reference curve recommended in our country to
assess fetal AC by ultrasound (24).

Factors Associated With AC Values

Given the strong correlations between gestational age and weight,
length, and HC at birth (Spearman correlation coefficients
with gestational age, respectively, equal to 0.9, 0.86, 0.89), the
model considered only the fixed effects of gestational age and
postnatal age.

Several factors were associated with the AC values in
univariate analysis: gestational age at birth (p < 0.0001), postnatal
age (p < 0.0001), parenteral nutrition duration (p < 0.0001),
respiratory support (p < 0.0001), singleton status (p = 0.01), and
adequate transit the first week (p = 0.012). The effect of sex was
not significant (p = 0.31).

Last, only gestational age, singleton status and respiratory
support appeared significantly associated with the AC changes

over time (Table 2). An AC model that included only two groups
of respiratory support, ie., with or without CPAP, revealed
comparable LSMeans (p = 0.13).

Factors Associated With AC/HC Values

In univariate analysis, associations were found between the
AC/HC ratios and gestational age at birth (p = 0.011), postnatal
age (p < 0.0001), respiratory support (p = 0.0006), and singleton
status (p = 0.003). These four variables were included in the
final model (Table 3). Sex was also entered into the model but
not retained.

Abnormal Abdomen Assessments

At the nurses evaluations, the abdomen was considered
distended in 385 cases, which corresponded to 154 infants.
Among them, the physicians suspected NEC in 172 cases,
which corresponded to 95 infants, i.e., 25.5% of the population
analyzed (Figure 6).

NEC Suspicion

The infants with at least one episode of NEC suspicion were
born more prematurely and required longer parenteral nutrition.
Their abdominal transit was less regular in the first postnatal
week, and enteral feeding was more frequently interrupted
(Table 1). The median number of abdominal X-rays for NEC
suspicion during the hospital stay was higher in the most preterm
infants: 2 (1-4) in infants born before 28 weeks, 0 [0-1] at 28-32
weeks, and 0 [0-0] after 32 weeks (p < 0.001).

The examinations performed in the presence of abdominal
distention found abnormal local and general signs more
frequently and indicated higher AC/HC. These results were even
more marked in the presence of NEC suspicion (Table 4).
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TABLE 1 | Characteristics of infants with and without NEC suspicion according to the medical examination.

Infants Eligible Infants without Infants with Infants with P4 P>
population NEC suspicion NEC suspicion NEC
n =373 n =278 (74.5%) n=295 n=25
(25.5%) (6.7%)
Birth data
Gestational age 31 32 29 28 <0.001 <0.001
(weeks) [29-33] [30-33] [26-31] [26-29]
Birth weight (g) 1540 1,705 1,145 980 <0.001 <0.001
[1160-1,968] [1,330-2,070] [860-1,480] [850-1,160]
Singleton n (%) 268 (72) 208 (75) 60 (63) 15 (60) 0.029 0.107
Male n (%) 199 (63) 150 (54) 49 (52) 14 (56) 0.688 0.844
Postnatal
First stool 17 14 34 44 <0.001 <0.001
(hours) [7-40] [6-35] [11-50] [16-61]
Inadequate transit 101 (29) 51 (19) 50 (56) 13 (54) <0.001 <0.001
FW2, n (%)
Parenteral nutrition 6 5 11 18 <0.001 <0.001
(days) [3-9] [2-7] [7-18] [11-29]
Enteral feeding 67 (18) 19 (7) 48 (51) 22 (88) <0.001 <0.001
interruption,
n (%)
Enteral feeding 0 0 1 3 <0.001 <0.001
interruption [0-0] [0-0] [0-2] [2-6]
(days)
Abdominal X-ray 0 0 2 4 <0.001 <0.001
(number) [0-1] [0-0] [1-4] [3]

Values are median [IQRos_75] or numbers (%). NEC, necrotizing enterocolitis; FW, first postnatal week. @Missing data for 21 patients. P+, infants with vs. without NEC suspicion; P,

infants with NEC vs. infants without NEC suspicion.

GA <28 weeks

GA 28-32 weeks

GA>32weeks

40
40

as
as

AC(em)
AC(em)

40

AC(em)

15

0 10 2 3 &0 50 60 0 10 2

Postnatal age (¢2ys)

50th, 75th, 90th, and 97th centiles.

Postnatal age (¢ays)

FIGURE 3 | Abdominal circumference (AC) values (cm) for postnatal age (days) according to the different groups of gestational age (GA). Lines are 3rd, 10th, 25th,

30 @ 0 60 0 B 10 15 2 ¥} 30

Postnatal age (¢ays)

Confirmed NEC
After 10 days of evolution, the two experts diagnosed NEC in 25
neonates, corresponding to 6.7% of the patients and 26.3% of the
patients with suspected NEC. At initial examination, local and
general signs were not different from those observed in the NEC
suspected group (Table 4).

The predictive value of AC/HC was tested in the normal
assessment and NEC groups (Figure7). The area under the

ROC curve for AC/HC to detect NEC was 0.83 (95% CI 0.73-
0.93, p <.000001). A cut-off value of 0.98 had a sensitivity of
68%, a specificity of 86%, a positive likelihood ratio of 4.82
and a negative likelihood ratio of 0.37. Infants with the most
severe forms of NEC—that is, those with Bell’s stage 3 or death
as a consequence of NEC—had values of AC/HC that were
comparable to those observed in the other patients with NEC
(data not shown).
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GA <28 weeks

GA 28-32 weeks

GA> 32 weeks
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FIGURE 4 | Abdominal circumference to head circumference ratios (AC/HC) for postnatal age (days) according to the different groups of gestational age (GA). Lines

400

350

300

AC

250

200

150

Weeks

FIGURE 5 | Projection of AC values associated with normal examinations on
the French reference curve for fetal AC. Lines are 3rd, 10th, 50th, 90th, and
97th centiles.

DISCUSSION

This study proposes for the first time reference values for AC and
AC/HC in very preterm infants. In order to adapt to the situations
encountered in NICUs, the data take into account the degree
of prematurity and postnatal age. The references proposed here
are of clinical interest to confirm the impression of abdominal
distention, prompt the clinician to conduct further examinations
to rule out or diagnose NEC, and evaluate the somatic growth of
premature newborns.

TABLE 2 | Factors associated with abdominal circumference (AC) values.

LSmeans SE 95% ClI p
Gestational age <0.0001
<28 weeks 24.54 0.33 [23.89-25.19]
28-32 weeks 28.39 0.23 [27.95-28.83]
>32 weeks 31.61 0.31 [31.01-32.21]
Postnatal age <0.0001
Week 1 23.53 0.21 [23.13-23.94]
Week 2 24.34 0.22 [23.92-24.76]
Week 3 25.61 0.23 [25.16-26.06]
Week 4 26.71 0.24 [26.24-27.19]
Week 5 27.39 0.25 [26.89-27.89]
Week 6 28.27 0.27 [27.74-28.79]
Week 7 29.03 0.29 [28.47-29.60]
Week 8 30.30 0.32 [29.67-30.93]
Week 9 30.75 0.33 [30.11-31.40]
Week 10 31.56 0.39 [30.79-32.34]
Week 11 32.49 0.45 [31.60-33.34]
Singleton/twins 0.0042
Singleton 28.57 0.21 [28.16-28.97]
Twins 27.80 0.29 [27.23-28.36]
Respiratory support <0.0001
SV 28.91 0.17 [28.57-29.25]
HFNC/nCPAP 28.35 0.20 [27.96-28.75]
CMV/HFOV 27.28 0.41 [26.48-28.09]

LSMeans, least square means; SE, standard error; 95% Cl: 95% confidence interval;
SV, spontaneous ventilation; HFNC, high-flow nasal cannula; nCPAR, nasal continuous
positive airway pressure; CMV, conventional mechanical ventilation; HFOV, high-frequency
oscillatory ventilation.

Few studies have reported AC reference data for preterm
infants. Rodriguez et al. established charts for AC in term
and near-term Caucasian newborns. However, only singleton
newborns at a gestational age >35 weeks were considered in this
investigation (12). Meldere et al. measured AC in 220 infants
born before 35 weeks of gestation, but this study included a single
measurement within 30 min of birth (25). More recently, AC
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TABLE 3 | Factors associated with AG/HC, ratio of abdominal circumference (AC)
to head circumference (HC).

LSmeans SE 95% CI p

Gestational age 0.016
<28 weeks 0.92 0.008 [0.90-0.94]

28-32 weeks 0.90 0.006 [0.89-0.91]

>32 weeks 0.91 0.008 [0.90-0.93]

Postnatal age <0.001
Week 1 0.86 0.006 [0.85-0.87]

Week 2 0.88 0.006 [0.87-0.89]

Week 3 0.90 0.006 [0.89-0.91]

Week 4 0.91 0.007 [0.90-0.92]

Week 5 0.91 0.007 [0.90-0.93]

Week 6 0.92 0.008 [0.90-0.93]

Week 7 0.92 0.008 [0.90-0.94]

Week 8 0.93 0.009 [0.91-0.95]

Week 9 0.93 0.010 [0.91-0.95]

Week 10 0.93 0.012 [0.91-0.95]

Week 11 0.93 0.014 [0.90-0.95]
Singleton/twins 0.006
Singleton 0.92 0.006 [0.91-0.93]

Twins 0.90 0.007 [0.89-0.92]
Respiratory support 0.001
SV 0.92 0.004 [0.91-0.93]
HFNC/nCPAP 0.93 0.005 [0.92-0.94]

CMV/HFOV 0.88 0.012 [0.86-0.91]

LSMeans, least square means; SE, standard error; 95% Cl, 95% confidence interval;
SV, spontaneous ventilation; HFNC, high-flow nasal cannula; nCPAR, nasal continuous
positive airway pressure; CMV, conventional mechanical ventilation; HFOV, high-frequency
oscillatory ventilation.

was assessed among other length and circumferential measures
in preterm neonates, but the resultant models were only reliable
from 33 weeks post-menstrual age (26). In this study, we
prioritized the inclusion of very-preterm infants, because it is
mainly these patients who are at the highest risk of FI and NEC
(17). The distribution of birth terms in our sample was quite
comparable to that observed in the cohort of premature infants
born in our country in 2011, with about 70% of newborns in
both studies born before 32 weeks (27). Compared to AC growth
during intrauterine life, our data suggested a downward shift in
values, with 18% of the points below the 3rd percentile. This
result is consistent with previous observations showing that a
majority of preterm infants fail to approximate in utero growth
rates during their stay in neonatology (28, 29).

As observed in two previous studies, the influence of sex on
AC values was nil or very weak in the preterm neonates, and
thus the AC curves can be applied to these patients regardless
of sex (12, 26). Mihatsch et al. found a linear relationship
between AC and body weight in 42 preterm infants on full enteral
nutrition (14). As our study shows, however, factors other than
weight influenced the value of AC in these patients, notably the
gestational age group and the postnatal age. The linear increase
in AC the first 2 months in the group born before 28 weeks
was only observed in the first month in the group born between

28 and 32 weeks. This observation was consistent with studies
suggesting greater total and visceral fat accumulation from birth
to hospital discharge in the most premature newborns compared
with preterm infants of higher gestational ages (30). Clinicians
frequently assume that nCPAP generates abdominal distention
in the premature newborns. In their metanalysis, Lemyre et al.
reported 10 to 15% of abdominal distention requiring feed
cessation in preterm neonates supported with nasal intermittent
positive pressure ventilation (nIPPV) or nCPAP after extubation
(31). Heimann et al. proposed the ratio of AC to body weight as
an objective parameter of abdominal distention and found that
nCPAP had no significant effect on this ratio during the first
postnatal month (32). Similarly, we observed no AC increase with
nCPAP using LSMeans, whether nCPAP was individualized or
associated with HFNC in a non-invasive ventilation group.

Abdominal or waist circumferences have previously been
studied in relation to the infant’s size (30) or weight (14). Several
factors prompted us to express AC in relation to HC. HC is
easier to measure then length, and its postnatal growth during
hospitalization has been associated with neurodevelopmental
outcome (33). In addition, it seemed more consistent to compare
circumferences to translate the clinical impression of an increase
in the abdominal volume. Higher AC/HC was observed at birth
in infants with the lowest gestational ages, and the postnatal
increase in this ratio plateaued at the end of the first month in
the three groups. These data confirm the visual impression of a
more pronounced abdominal distention in the most premature
newborns, independently of any gastrointestinal symptoms.

According to a recent study from the UK National Neonatal
Research Database, abdominal distention was the most frequent
finding among infants with NEC (34). In our patients, we
observed a combination of symptoms in addition to increased
AC/HC. The predictive value of AC/HC was quite modest and
this ratio alone cannot be used to discriminate between infants
with and without NEC. Quantifying distention using AC/HC
may nevertheless be helpful by increasing the likelihood of
diagnosis. Regardless of the degree of prematurity, 0.98 could
be given to nurses as a threshold value, above which they
should seek medical examination of the infant, especially if
other digestive or general signs compatible with this diagnosis
are present.

In a recent prospective nationwide population-based study,
irregular intestinal transit in the first week of life emerged as
an individual risk factor for NEC (17). Our study, however,
did not confirm that this rather common symptom clearly
discriminated between infants with NEC suspicion and infants
with confirmed NEC. In addition, the efficacy of prokinetic
medications (35) or glycerin laxatives (36) to prevent or
treat early FI has not been demonstrated in very low birth
weight infants.

LIMITATIONS

The limitations of this study include the single-center design and
the limited sample size.
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FIGURE 6 | Flowchart of abdominal assessments. NEC, necrotizing enterocolitis.

TABLE 4 | Characteristics of the examinations according to the nursing and medical examinations.

Examinations Normal Presence of abdominal distention Confirmed NEC P4 Py
(n = 1,605) assessment (n = 25)
(n = 1,220)
NEC not NEC
suspected suspected
(n =213) (n=172)

Digestive signs and symptoms n (%)

Inadequate transit, PW? 169 (14) 50 (23) 62 (36) 8(32) <0.001 0.018

Bloody stools 1(0.1) 0(0.0) 31(18) 5 (20) <0.001 <0.001

Bilious aspirates 17 (1.4) 4(1.9) 12 (7.0) 2(8.0) <0.001 0.037

Vegetative signs® 24 (2.0 3(1.4) 11 (6.4) 2(8.0) 0.004 0.072

Discomfort 6 (0.5) 1(0.5) 11 (6.4) 10 (40) <0.001 <0.001

Anthropometric measurements

AC (cm) 27.0 25.5 25 26 <0.001 0.151
[24.5-29.0] [24.0-28.0] [23.0-28.0] [25-28]

AC/HC 0.91 0.94 0.96 0.98 <0.001 <0.001
[0.86-0.95] [0.89-0.98] [0.89-1.01] [0.93-1.07]

Values are median [IQR25-75] or numbers (%). NEC, necrotizing enterocolitis; PW, previous week; AC: abdominal circumference; HC, head circumference. @Missing data for 76
examinations. ®Apnea, bradycardia, thermal instability. P+, difference between the first three groups; P», confirmed NEC vs. normal assessment.
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FIGURE 7 | Receiver operating curves for the abdominal circumference (AC)
to head circumference (HC) ratio (AC/HC) for detecting necrotizing
enterocolitis (NEC). AC/HC values associated with normal examinations in
patients who did not have NEC during hospitalization were compared to
AC/HC values at the moment of diagnosis in patients with NEC.

In order to obtain standardized curves for AC and AC/HC,
we excluded neonates with low weight for gestational
age. The exclusion of this population means that our
references cannot be applied to these infants at higher risk
of gastrointestinal complications, including NEC (37, 38),
and for whom few data are available to guide enteral
feeding (39). Further investigations would be necessary to
specify the AC values for infants born small for gestational
age and those with abnormal antenatal umbilical artery
Doppler waveforms.

We assumed that measurements of AC and HC would
not be subject to daily variation for a majority of our
population, and we thus opted for weekly measurements.
This choice also took into consideration the objective
of minimal destabilization for the patient, as well as the
possibility of collecting these data as part of the usual
care by the nursing staff. Daily measurements would
potentially have allowed us to document more precisely
the evolution of these anthropometric measurements in
patients developing gastrointestinal symptoms and to propose
more accurate predictive criteria for NEC, based on their
short-term evolution.

We did not assess intra- and inter-observer reliabilities for
AC and HC. West et al. found reliabilities between 80 and 99%
for routine circumference measurements, with relative technical
error of measurement values all below 4% (40). In a multi-
center cohort study, Abdel-Rahman et al. (26) found that AC
was one of the most reproducible circumferential measurements,
with an inter-rater reliability of 0.99 [0.98-0.99]. Circumferences
are routinely measured in the department and, before the study
began, we had provided numerous training sessions for nurses,
with the distribution of explanatory material, in order to limit
these errors.

CONCLUSION

FI is frequent in preterm infants, generally related to the
immaturity of gastrointestinal function. In the face of impending
NEC, interpreting the signs of FI, notably the degree of
abdominal distention, is highly subjective. This study provides
information about normal AC values in these preterm patients
according to gestational age and postnatal age. The expression of
AC in relation to HC appears useful to rationalize the diagnosis
of abdominal distention as a first step in targeting those patients
who may require a more thorough abdominal examination and
possibly additional explorations with X-ray and/or US. Future
studies are required to assess whether these references can help
reduce the delayed attainment of full enteral feeding and the
prolonged intravenous nutrition supply in this population.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Institutional review board of Montpellier University
Hospital. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

HS, AD, AF, and GC conceptualized and designed the study,
contributed to the search for published works, carried out
the data acquisition and interpretation, and drafted and
finalized the report. EN and NN performed the data analysis,
contributed to the data interpretation, and critically revised
the report. OP and GC analyzed the files of all patients
with suspected NEC and, blind from the anthropometric
data, classified the patients according to the Bell stage
if required. All the authors have read and approved the
final manuscript.

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 37


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Setruk et al.

Abdominal Circumference in Premature Infants

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ehrenkranz RA, Dusick AM, Vohr BR, Wright LL, Wrage LA, Poole WK.

Growth in the neonatal intensive care unit influences neurodevelopmental
and growth outcomes of extremely low birth weight infants. Pediatrics. (2006)
117:1253-61. doi: 10.1542/peds.2005-1368

. Maas C, Poets CE Franz AR. Avoiding postnatal undernutrition of VLBW

infants during neonatal intensive care: evidence and personal view in the
absence of evidence. Arch Dis Child Fetal Neonatal Ed. (2015) 100:F76-81.
doi: 10.1136/archdischild-2014-306195

. Senterre T. Practice of enteral nutrition in very low birth weight and

extremely low birth weight infants. World Rev Nutr Diet. (2014) 110:201-14.
doi: 10.1159/000358468

. Yi YG, Oh BM, Shin SH, Shin JY, Kim EK, Shin HI. Stress signals during

sucking activity are associated with longer transition time to full oral feeding
in remature infants. Front Pediatr. (2018) 6:54. doi: 10.3389/fped.2018.00054

. Khanna P, Maron JL, Walt DR. Development of a rapid salivary proteomic

platform for oral feeding readiness in the preterm newborn. Front Pediatr.
(2017) 5:268. doi: 10.3389/fped.2017.00268

. Neu J, Walker WA. Necrotizing enterocolitis. N Engl ] Med. (2011) 364:255—

64. doi: 10.1056/NEJMral005408

. Lucchini R, Bizzarri B, Giampietro S, De Curtis M. Feeding intolerance

in preterm infants. How to understand the warning signs. J Matern Fetal
Neonatal Med. (2011) 24 (Suppl. 1):72-4. doi: 10.3109/14767058.2011.
607663

. Shulman RJ, Ou CN, Smith EO. Evaluation of potential factors predicting

attainment of full gavage feedings in preterm infants. Neonatology. (2011)
99:38-44. doi: 10.1159/000302020

. Mihatsch WA, von Schoenaich P, Fahnenstich H, Dehne N, Ebbecke H,

Plath C, et al. The significance of gastric residuals in the early enteral
feeding advancement of extremely low birth weight infants. Pediatrics. (2002)
109:457-9. doi: 10.1542/peds.109.3.457

Cormack BE, Bloomfield FH. Audit of feeding practices in babies <1200g
or 30 weeks gestation during the first month of life. ] Paediatr Child Health.
(2006) 42:458-63. doi: 10.1111/j.1440-1754.2006.00897.x

Kaur A, Kler N, Saluja S, Modi M, Soni A, Thakur A, et al. Abdominal
circumference or gastric residual volume as measure of feed intolerance
in VLBW infants. | Pediatr Gastroenterol Nutr. (2015) 60:259-63.
doi: 10.1097/MPG.0000000000000576

Rodriguez G, Samper MP, Ventura P, Pérez-Gonzélez JM. Sex-specific charts
for abdominal circumference in term and near-term Caucasian newborns. J
Perinat Med. (2008) 36:527-30. doi: 10.1515/JPM.2008.077

Olsen IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New intrauterine
growth curves based on United States data. Pediatrics. (2010) 125:e214-24.
doi: 10.1542/peds.2009-0913

Mihatsch W, Hogel J, Pohlandt F. The abdominal circumference to weight
ratio increases with decreasing body weight in preterm infants. Acta
Peediatrica. (2004) 93:273-4. doi: 10.1111/j.1651-2227.2004.tb00720.x
Debillon T, Zupan V, Ravault N, Magny JE Dehan M. Development and
initial validation of the EDIN scale, a new tool for assessing prolonged pain
in preterm infants. Arch Dis Child Fetal Neonatal Ed. (2001) 85:F36-41.
doi: 10.1136/fn.85.1.F36

Weaver LT, Lucas A. Development of bowel habit in preterm infants. Arch Dis
Child. (1993) 68:317-20. doi: 10.1136/adc.68.3_Spec_No.317

Rozé JC, Ancel PY, Lepage P, Martin-Marchand L, Al Nabhani Z, Delannoy
J, et al. Nutritional strategies and gut microbiota composition as risk factors
for necrotizing enterocolitis in very-preterm infants. Am J Clin Nutr. (2017)
106:821-30. doi: 10.3945/ajcn.117.152967

Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based
on staging criteria. Pediatr Clin North Am. (1986) 33:179-201.
doi: 10.1016/S0031-3955(16)34975-6

Mazars N, Milési C, Carbajal R, Mesnage R, Combes C, Rideau Batista Novais
A, et al. Implementation of a neonatal pain management module in the
computerized physician order entry system. Ann Intensive Care. (2012) 2:38.
doi: 10.1186/2110-5820-2-38

Agostoni C, Buonocore G, Carnielli VP, De Curtis M, Darmaun D, Decsi
T, et al. Enteral nutrient supply for preterm infants: commentary from the
European Society of Paediatric Gastroenterology, Hepatology and Nutrition

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Committee on Nutrition. | Pediatr Gastroenterol Nutr. (2010) 50:85-91.
doi: 10.1097/MPG.0b013e3181adaee0

Cole TJ, Green PJ. Smoothing reference centile curves: the LMS
method and penalized likelihood. Stat Med. (1992) 11:1305-19.
doi: 10.1002/sim.4780111005

Royston P, Wright EM. Goodness-of-fit statistics for age-
specific ~ reference  intervals.  Stat  Med.  (2000) 19:2943-62.
doi: 10.1002/1097-0258(20001115)19:21<;2943::AID-SIM559>;3.0.CO;2-5
Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics.
(1982) 38:963-74. doi: 10.2307/2529876

Salomon LJ, Duyme M, Crequat J, Brodaty G, Talmant C, Fries N, et al.
French fetal biometry: reference equations and comparison with other charts.
Ultrasound Obstet Gynecol. (2006) 28:193-8. doi: 10.1002/u0g.2733

Meldere I, Urtans V, Petersons A, Abola Z. Measurement of abdominal
circumference in preterm infants. BMC Res Notes. (2015) 8:725.
doi: 10.1186/s13104-015-1657-z

Abdel-Rahman SM, Paul IM, Delmore P, James L, Fearn L, Atz AM,
et al. An anthropometric survey of US pre-term and full-term neonates.
Ann  Hum Biol. (2017) 44:678-86. doi: 10.1080/03014460.2017.139
2603

Ancel PY, Goffinet F, EPIPAGE-2 Writing Group. Survival and morbidity of
preterm children born at 22 through 34 weeks’ gestation in France in 2011:
results of the EPIPAGE-2 cohort study. JAMA Pediatr. (2015) 169:230-8.
doi: 10.1001/jamapediatrics.2014.3351

Horbar JD, Ehrenkranz RA, Badger GJ, Edwards EM, Morrow KA,
Soll RE et al. Weight growth velocity and postnatal growth failure in
infants 501 to 1500 grams: 2000-2013. Pediatrics. (2015) 136:e84-92.
doi: 10.1542/peds.2015-0129

Guellec I, Lapillonne A, Marret S, Picaud JC, Mitanchez D, Charkaluk
ML, et al. Effect of intra- and extrauterine growth on long-term
neurologic outcomes of very preterm infants. J Pediatr. (2016) 175:93-9.el.
doi: 10.1016/j.jpeds.2016.05.027

Stokes TA, Holston A, Olsen C, Choi Y, Curtis J, Higginson J, et al.
Preterm infants of lower gestational age at birth have greater waist
circumference-length ratio and ponderal index at term age than preterm
infants of higher gestational ages. ] Pediatr. (2012) 161:735-41.el.
doi: 10.1016/j.jpeds.2012.03.023

Lemyre B, Davis PG, De Paoli AG, Kirpalani H. Nasal intermittent positive
pressure ventilation (NIPPV) versus nasal continuous positive airway pressure
(NCPAP) for preterm neonates after extubation. Cochrane Database Syst Rev.
(2017) 2:CD003212. doi: 10.1002/14651858.CD003212.pub3

Heimann K, Schoberer M, Posielek ], Fitzner C, Orlikowsky T. The
ratio of abdominal circumference and body weight-an objective parameter
for the daily ward round in a NICU? Klin Padiatr. (2014) 226:72-5.
doi: 10.1055/s-0034-1368718

Sicard M, Nusinovici S, Hanf M, Muller JB, Guellec I, Ancel PY, et al.
Fetal and postnatal head circumference growth: synergetic factors for
neurodevelopmental outcome at 2 years of age for preterm infants.
Neonatology. (2017) 112:122-9. doi: 10.1159/000464272

Battersby C, Longford N, Costeloe K, Modi N, UK Neonatal Collaborative
Necrotising Enterocolitis Study Group. Development of a gestational
age-specific  case neonatal necrotizing enterocolitis.
JAMA  Pediatr. 171:256-63. doi: 10.1001/jamapediatrics.2016.
3633

Ericson JE, Arnold C, Cheeseman J, Cho J, Kaneko S, Wilson E, et al. Use
and safety of erythromycin and metoclopramide in hospitalized infants. J
Pediatr Gastroenterol Nutr. (2015) 61:334-9. doi: 10.1097/MPG.00000000000
00792

Anabrees ], Shah VS, AlOsaimi A, AlFaleh K. Glycerin laxatives for
prevention or treatment of feeding intolerance in very low birth
weight infants. Cochrane Database Syst Rev. (2015) 9:CD010464.
doi: 10.1002/14651858.CD010464.pub2

Martini S, Aceti A, Beghetti I, Faldella G, Corvaglia L. Feed-related
splanchnic oxygenation in preterm infants with abnormal antenatal Doppler
developing gut complications. J Pediatr Gastroenterol Nutr. (2018) 66:755-9.
doi: 10.1097/MPG.0000000000001804

Samuels N, van de Graaf RA, de Jonge RC], Reiss IKM, Vermeulen
MJ. Risk factors for necrotizing

definition for
(2017)

enterocolitis in neonates: a

Frontiers in Pediatrics | www.frontiersin.org

February 2020 | Volume 8 | Article 37


https://doi.org/10.1542/peds.2005-1368
https://doi.org/10.1136/archdischild-2014-306195
https://doi.org/10.1159/000358468
https://doi.org/10.3389/fped.2018.00054
https://doi.org/10.3389/fped.2017.00268
https://doi.org/10.1056/NEJMra1005408
https://doi.org/10.3109/14767058.2011.607663
https://doi.org/10.1159/000302020
https://doi.org/10.1542/peds.109.3.457
https://doi.org/10.1111/j.1440-1754.2006.00897.x
https://doi.org/10.1097/MPG.0000000000000576
https://doi.org/10.1515/JPM.2008.077
https://doi.org/10.1542/peds.2009-0913
https://doi.org/10.1111/j.1651-2227.2004.tb00720.x
https://doi.org/10.1136/fn.85.1.F36
https://doi.org/10.1136/adc.68.3_Spec_No.317
https://doi.org/10.3945/ajcn.117.152967
https://doi.org/10.1016/S0031-3955(16)34975-6
https://doi.org/10.1186/2110-5820-2-38
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://doi.org/10.1002/sim.4780111005
https://doi.org/10.1002/1097-0258(20001115)19:21<;2943::AID-SIM559>;3.0.CO;2-5
https://doi.org/10.2307/2529876
https://doi.org/10.1002/uog.2733
https://doi.org/10.1186/s13104-015-1657-z
https://doi.org/10.1080/03014460.2017.1392603
https://doi.org/10.1001/jamapediatrics.2014.3351
https://doi.org/10.1542/peds.2015-0129
https://doi.org/10.1016/j.jpeds.2016.05.027
https://doi.org/10.1016/j.jpeds.2012.03.023
https://doi.org/10.1002/14651858.CD003212.pub3
https://doi.org/10.1055/s-0034-1368718
https://doi.org/10.1159/000464272
https://doi.org/10.1001/jamapediatrics.2016.3633
https://doi.org/10.1097/MPG.0000000000000792
https://doi.org/10.1002/14651858.CD010464.pub2
https://doi.org/10.1097/MPG.0000000000001804
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Setruk et al. Abdominal Circumference in Premature Infants

systematic review of prognostic studies. BMC Pediatr. (2017) 17:105. Conflict of Interest: The authors declare that the research was conducted in the

doi: 10.1186/s12887-017-0847-3 absence of any commercial or financial relationships that could be construed as a
39. Kwok TC, Dorling J, Gale C. Early enteral feeding in preterm potential conflict of interest.

infants. Semin Perinatol. (2019) 43:151159. doi: 10.1053/j.semperi.2019.

06.007 Copyright © 2020 Setruk, Nogué, Desenfants, Prodhomme, Filleron, Nagot and

40. West ], Manchester B, Wright J, Lawlor DA, Waiblinger D. Reliability Cambonie. This is an open-access article distributed under the terms of the Creative
of routine clinical measurements of neonatal circumferences Commons Attribution License (CC BY). The use, distribution or reproduction in
and research measurements of neonatal skinfold thicknesses: other forums is permitted, provided the original author(s) and the copyright owner(s)
findings from the Born in Bradford study. Paediatr Perinat are credited and that the original publication in this journal is cited, in accordance
Epidemiol. (2011) 25:164-71. doi: 10.1111/j.1365-3016.2010. with accepted academic practice. No use, distribution or reproduction is permitted
01181.x which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org 11 February 2020 | Volume 8 | Article 37


https://doi.org/10.1186/s12887-017-0847-3
https://doi.org/10.1053/j.semperi.2019.06.007
https://doi.org/10.1111/j.1365-3016.2010.01181.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Reference Values for Abdominal Circumference in Premature Infants
	Introduction
	Methods
	Patients
	Intervention
	Abdominal Examination and Transit Assessment
	Actual Diagnosis
	Nutritional Policy in the NICU
	Respiratory Support
	Statistical Analysis

	Results
	Population Characteristics
	Anthropometric Measurements
	AC and AC/HC Data in Cases of Normal Abdominal Assessment
	Factors Associated With AC Values
	Factors Associated With AC/HC Values

	Abnormal Abdomen Assessments
	NEC Suspicion
	Confirmed NEC


	Discussion
	Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


