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Abstract

Background: Preterm infants commonly present with oral
feeding problems. The role of maturation of esophageal
bolus transport mechanisms herein remains unclear. Ob-
jectives: To characterize esophageal motility and function
of esophagogastric junction (EGJ) during deglutitive swal-
lowing in healthy preterm infants and to describe matura-
tional changes. Methods: Four consecutive high-resolution
manometry studies with impedance studies were per-
formed weekly to investigate esophageal motility and EGJ
function. Esophageal pressure topography and pressure-
impedance metrics were derived. Mixed models with re-
peated measures were used for statistical analysis. Results:
We analyzed 137 nutritive swallows from 36 motility stud-
ies in 10 preterm infants. The mean gestational age was

30.17 = 0.94 weeks; the mean postmenstrual age at time
point 1 and 4 was 34.42 + 0.86 and 37.45 + 1.16 weeks, re-
spectively. Esophageal peristaltic wave patterns in re-
sponse to nutritive swallows were observed in all patients.
At later time points, esophageal body peristalsis became
more rapid, evidenced by a faster distal contractile velocity
and shorter distal latency (p = 0.002 and p < 0.0001, respec-
tively). In addition, 4-s integrated relaxation pressures in-
creased and distal contractile integral decreased at later
time points (p = 0.003 and p = 0.021, respectively). Bolus
clearance also improved at later age (p = 0.008). Conclu-
sions: Preterm infants demonstrate peristaltic esophageal
motility following nutritive swallows. However, alterations
in esophageal bolus transport in relation to peristalsis are
demonstrated. Peristaltic progression becomes more rap-
id, while deglutitive relaxation pressures increase with in-
creasing age. These maturational changes may suggest fur-
ther development of the enteric nervous system after birth
in former preterm neonates. ©2020S. Karger AG, Basel
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Introduction

Deglutition is a complex process. The coordination of
rhythmic sequences of sucking, swallowing, and breath-
ing plays a key role in preterm infants [1]. Consequently,
problems with swallowing or deglutition in preterm in-
fants are prevalent and can lead to medical complications
such as deglutition apneas, desaturation, aspiration, and
feeding difficulties [1-3]. These feeding problems are
more prevalent in preterm infants with low gestational
age because of their immature sucking and swallowing
system, neurological and gastrointestinal immaturity,
and frequent comorbidities [4-6]. Development of coor-
dination skills followed by efficient esophageal transport
is crucial for safe oral feeding [7]. Esophageal motility is
a key component in performing successful and complete
clearance of a bolus during oral feeding. It is also impor-
tant for clearance of refluxate. Normal esophageal peri-
staltic movements and esophagogastric junction (EGJ)
function have been well established in adults and chil-
dren, but normal development of esophageal motility in
preterm infants has not yet been fully defined [8]. The
main reasons for this lack of information are the semi-
invasive nature of the examination with manometry and
the ethics of submitting healthy infants to these tests. De-
spite this limitation, we have recently been able to de-
scribe the effect of a shorter esophageal length on esoph-
ageal bolus transport metrics in a healthy young infant
population [9].

Until now, research on esophageal motility has fo-
cused on qualitatively describing esophageal peristaltic
patterns following elicited swallowing reflexes by facial
stimulation (Santmyer reflex) and spontaneous non-nu-
tritive swallows [10-13]. These swallow-triggered peri-
staltic patterns appear to be normally propagated, even in
very premature infants. Although knowledge on esopha-
geal motility is essential to understand the physiology of
normal feeding in preterm infants, motility in response to
nutritive swallows remains unexplored using state-of-
the-art objective measures. The EGJ has been well studied
during spontaneous swallowing. It is a high-pressure
zone at the distal esophagus and consists of three struc-
tures: the lower esophageal sphincter (LES), the diaphrag-
matic crura, and the sling fibers of the gastric cardia. Data
on maturational changes of the resting pressure at the
LES in function of postmenstrual age, however, are con-
flicting [11, 14]. Nonetheless, the LES tone seems capable
to act as an antireflux barrier. Transient relaxations of the
LES (TLESRs) are, however, the most common mecha-
nism of gastroesophageal reflux in preterm infants [15].
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TLESRs occur mainly triggered by gastric distension and
are not related to swallowing [16].

Myelination of the nervous system in the cortex and
brainstem starts in the third trimester and continues un-
til adolescence. This myelination is essential for impulse
conduction and expresses functional maturity [17]. At
this point in time, it is unclear whether this increasing
myelination plays a role in esophageal function. Hence, it
is unclear whether the esophageal function is altered with
increasing age. The objectives of this prospective study
were to describe esophageal motility during normal feed-
ing, the function of the EG]J in preterm infants, and the
maturational changes using objective metrics as a func-
tion of age.

Material and Methods

Informed consent was obtained from all participants’ primary
caregivers before the start of the study. All studies were performed
bedside in the neonatal intensive care unit (NICU) of the Univer-
sity Hospitals Leuven (Belgium).

Patients

Ten preterm infants admitted to the NICU of the University
Hospitals Leuven were included in the study. Only healthy preterm
infants weighing >1,500 g at the time of the first study were eligible.
Patients with associated comorbidities such as bronchopulmonary
dysplasia (defined by oxygen need at postnatal age (PNA) 28 days),
necrotizing enterocolitis, or any type of intraventricular hemor-
rhage were excluded from participation as well as infants who were
on respiratory support or oxygen therapy. Clinical data on age
(gestational age (GA), postmenstrual age (PMA), and PNA),
weight, oral feeding intake, or drug use (PPI, H2 blockers, proki-
netic drugs, caffeine) were recorded. PMA was calculated by add-
ing PNA to GA [18]. The first manometric study was performed
when infants were cardiorespiratory stable and showed readiness
for oral feeding. The interval between each study was set to 7 days.

High-Resolution Impedance Manometry Recordings

Four motility studies with a weekly interval were scheduled.
Because of ethical considerations, the studies were only performed
in case the infant was still being fed by a nasogastric tube. High-
resolution manometry combined with impedance (HRIM) re-
cordings were acquired using an 8-Fr solid state catheter incorpo-
rating 13 pressure sensors spaced 1 cm apart, and 6 adjoining im-
pedance segments, each 2 cm apart (Unisensor AG, Switzerland).
The indwelling nasogastric tube was removed before placement of
the catheter. The probe was placed by experienced caregivers
(M.R. and N.R.). Guided by a color screen pressure plot in real
time, the probe was passed along the esophagus with the tip
through the LES and placed in the stomach ensuring that at least 1
pressure and 1 impedance channel was positioned in the stomach.
A central lumen in the catheter was used for administration of tube
feeding at the end of the study whenever the oral intake of the in-
fant was insufficient. Pressure and impedance data were acquired
at 20 samples per second (Solar GI; Medical Measurement Sys-
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Swallow

Fig. 1. Derivation of esophageal function
metrics. Esophageal pressure topography
plot during swallowing of a liquid bolus.
This Clouse plot is derived from data ac-
quired from high-resolution manometry
studies and describes peristaltic amplitudes
in a space (vertical axis) and time continu-
um (horizontal axis) displayed using a col-
or code. The anatomy panel illustrates the
anatomical position. The exact time of
maximum distension of the esophageal lu-
men just proximal to the esophagogastric
junction (EG]J) is localized by nadir imped-
ance and is indicated by a red asterisk. The
following esophageal pressure topography
metrics are displayed on the Clouse plot:
distal contractile integral (DCI), a marker
for contractile vigor; distal latency time
(DL), the time interval between UES relax-
ation and CDP, and EGJ-integrated relax-
ation pressure (IRP4). IRP4 is the median
pressure measured over the EGJ for 4 s of
maximal relaxation after UES relaxation.
Bolus latencies are determined by swallow

Adjust heatmap threshold
| o
-10 45 100 mm Hg
Peak bolus distension
Peak pressure

A/

(arrow) to distension (red asterisk) latency 0 > DL 10 Time, s
(SDL) and distension to contraction laten- € T 2
cy (DCL). DL is the sum of SDL and DCL. % SDL pC)
CD, crural diaphragm; CDP, contractile . T;
wallow

deceleration point; TZ, transition zone;
UES, upper esophageal sphincter.

tems, The Netherlands). The infants were monitored using oxygen
saturation and ECG monitoring during the whole procedure. Oral
sucrose 24% was used for procedural analgesia before placement
of the probe. The lights were dimmed, and a quiet environment
was created. The parents were asked to be present to comfort their
child with the help of the attending nurse. The infants were fed in
their habitual position with a bottle with expressed breastmilk or
formula milk. Whenever bottle feeding was not possible, milk bo-
luses of 0.5 mL were administered orally using a syringe. Bolus
conductivity was enhanced for impedance readings by adding a
10% dilution of NaCl 0.9% to the milk.

HRIM Analysis

Normal peristaltic wave patterns were defined as the presence
of propagating pressure waves after deglutition along the esopha-
gus from the upper esophageal sphincter (UES) to the EGJ [19].
Analysis of the HRIM recordings was applied via a web-based ap-
plication called Swallow Gateway™ (available at: swallowgateway.
com) as has been recently described [20]. The HRIM study was
first exported as ASCII file and subsequently uploaded on the web-
site for further analysis. Only nutritive swallows were selected and
analyzed. A nutritive swallow was defined as a swallow followed by
an increase in admittance signal at the distal UES margin (indicat-
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ing bolus flow) and with a bolus trajectory evidenced by an imped-
ance signal along the esophagus (Fig. 1).

Four esophageal pressure topography metrics were extracted:
(1) distal contractile integral (DCI), a marker of contractile vigor
calculated as the product of amplitude, duration, and span of the
distal esophageal contraction; (2) distal contractile velocity (DCV)
stands for the velocity of the propagating contraction - a high val-
ue indicates rapid contraction —; (3) distal latency (DL) reflects the
time interval between UES and contractile deceleration point
(CDP), CDP is the inflection point at which propagation velocity
in the distal esophagus slows down - this point discriminates the
transition from the distal esophagus to the LES —; (4) four-second
integrated relaxation pressure (IRP4) is the median EGJ pressure
measured during 4 s of maximal relaxation during a 10-s period
after UES relaxation.

Five additional pressure-impedance-derived metrics were also
extracted (Fig. 1): (1) intrabolus distension pressure during esoph-
ageal emptying. This is the distension pressure within the bolus
domain that precedes smooth muscle peristalsis. Bolus flow laten-
cies are based on pressure and impedance recordings at the CDP
being (2) swallow to distension latency (SDL) (measured from
swallow to nadir impedance) and (3) distension to contraction la-
tency. DL is the sum of SDL and distension to contraction latency.
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Table 1. Summary of patient characteristics during the four consecutive high-resolution impedance manometry

studies

Time point 1 Time point 2 Time point 3 Time point 4
Patients, n 10 (8 boys) 10 (8 boys) 10 (8 boys) 6 (5 boys)
GA, weeks 30.17£0.94 30.17+0.94 30.17£0.94 30.24+£0.93
PNA, days 29.17+7.9 36.33%£8.5 43.33+8.2 50.50+8.3
PMA, weeks 34.42+0.86 35.424+0.90 36.30+1.08 37.45%1.16
Birth weight, g 1,233+264 1,2334+264 1,233+264 1,1374265
Weight at study, g 1,862+235 2,150+241 2,430+241 2,491+121
Caffeine treatment, n 4 0 0 0
Erythromycin treatment, n 1 1 1 0
Oral intake, % of total enteral 18+19 40+26 65+31 87+23

Mean values + SD are given. GA, gestational age; PNA, postnatal age; PMA, postmenstrual age (= GA+PNA).

(4) Contractile segment impedance (CSI) is the impedance value
at peak esophageal contraction measured at the distal one third
above the EGJ margin. CSI can be used as a measure for mucosal
integrity [21, 22]. Finally, (5) luminal clearance was defined by im-
pedance ratio (IR). IR is determined by the ratio of nadir imped-
ance when the esophageal lumen is full and maximally distended
and impedance at peak contraction when the esophageal lumen is
empty and occluded. A higher IR indicates more bolus residual
and, thus, less effective bolus clearance.

For the evaluation of the EGJ barrier function, mean resting
pressure and contractile integral (EGJ-CI) were determined. EGJ-
CI was measured over a period of 3 respiratory cycles above thresh-
old of gastric pressure [23]. EGJ-CI metric was measured 3 separate
times at the beginning of the manometric study. Finally, the length
of the esophagus was measured at the start of each study from the
lower margin of the UES to the proximal margin of the EG]J.

Statistical Analysis

The median value for each swallow parameter for each individu-
al case was determined, and a mixed model analysis with repeated
measures was used to investigate the time effect. To set up the mixed
model analysis, “time” was set as a repeated as well as a fixed variable.
A random intercept was included in the model. To account for po-
tential effects of age, GA and PNA at the start of the first study were
included as covariates. Bonferroni’s confidence interval adjustment
was applied. Data are presented as means, estimated marginal means,
and standard errors (for the mixed models). In a first instance, an
unstructured covariance model was applied. The model was then
modified to a compound symmetry and heterogeneous autoregres-
sive (AR1) model. The Akaike information criterion was calculated
to estimate the goodness of fit of the model. The model with the low-
est Akaike information criterion was withheld and reported.

Statistical data analysis was conducted using IBM SPSS Statis-
tics (released 2019, version 26; IBM Corp, Armonk, NY, USA). A
p value <0.05 indicated statistical significance for time, GA, and
PNA. The reported p values refer to the overall p values of the ful-
ly adjusted mixed model. Relation to PMA was assumed for pa-
rameters significantly related to GA and PNA. Associations be-
tween oral feeding intake and swallow variables were analyzed us-
ing Spearman’s rank correlation.
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Results

Cohort Characteristics

Ten healthy preterm infants were included in this
study. Each patient was clinically assessed by the principal
investigator (M.R.) and the attending neonatologist prior
to each HRIM investigation. Patient characteristics are
summarized in Table 1. Mean GA at birth was 30.17 £ 0.94
weeks, and mean birth weight was 1,233 + 264 g. Six pa-
tients underwent four consecutive weekly motility studies.
In four patients, the final study was not performed be-
cause the infants no longer required supplemental naso-
gastric feeding. None of the patients received respiratory
support or supplemental oxygen at the time of the study.
Four patients were treated with caffeine at the time of the
first study but treatment was discontinued in all patients
at the time of the second study. One patient was treated
with erythromycin for clinical suspected gastroesophage-
al reflux during the first three HRIM studies. The includ-
ed patients received neither specific therapeutic treatment
nor home tube feeding at discharge. A total of 36 HRIM
studies were performed, and 137 nutritive swallows were
analyzed (total swallows 37, 38, 38, and 24; mean swal-
lows/patient 3.7, 3.8, 3.8, and 4 at study 1, 2, 3, and 4, re-
spectively). The studies were tolerated well by all patients,
and no acute cardiorespiratory events were documented.

Esophageal Motility Parameters

Allincluded infants displayed qualitatively propagating
peristaltic esophageal motor patterns in response to nutri-
tive swallows [19]. Computed parameters during nutritive
swallows are summarized in Table 2. The terms “age” and
“time” will be interchanged throughout the Results and
Discussion sections but not for GA, PNA, or PMA.
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Table 2. Esophageal pressure topography and esophageal pressure-impedance parameters

Parameter Time point p values related to Relation to
different factors time and age”
1 2 3 4 time GA PNA

Esophageal pressure topography

DCI, mm HgxcmXs 1,064 (153) 948 (155) 804 (116) 556 (77) * NS NS Time

DCV, cm/s 1.01 (0.05) 1.54 (0.14) 1.57 (0.12) 1.73 (0.26) ok NS NS Time

DL, s 7.13 (0.30) 5.41 (0.30) 4.97 (0.30) 4.83(0.38) ook NS NS Time

IRP4, mm Hg 6.3 (2.5) 9.6 (2.5) 17.3 (2.5) 13.4 (3.1) ok NS NS Time

EG]J resting pressure, mm Hg 49 (14) 41 (3) 46 (8) 62 (9) NS * * GA, PNA,
PMA

EGJ-CI, mm Hg.cm 46 (13) 37 (4) 46 (9) 58 (9) NS NS NS -

Esophageal length, mm 62.1(1.4) 62.0 (1.1) 65.2 (2.0) 62.9 (1.4) NS NS NS -

Pressure-impedance analysis

DPE, mm Hg 19 (2) 16 (1) 21 (2) 22 (3) NS NS NS -

SDL, s 5.32 (0.51) 2.98 (0.32) 3.53(0.44) 2.79 (0.28) ok NS * Time, PNA

DCL, s 2.33(0.55) 3.14 (0.55) 2.15(0.55) 2.85(0.64) NS NS NS -

IR 0.83 (0.02)  0.77(0.02)  0.73(0.02)  0.75(0.02) *ox * * Time, GA,
PNA, PMA

CSI, Q 750 (40) 793 (40) 866 (40) 916 (51) * * NS Time, GA

Estimated marginal mean values (SE) are based on mixed model analysis. Marginal means were evaluated at GA 30.2 weeks and at
PNA_start first study 29.6 weeks. p values for time, GA, and PNA are based on mixed models * Relation for PMA was assumed for parameters
significantly related to GA and PNA.

GA, gestational age; PNA, postnatal age; PMA, postmenstrual age; DCI, distal contractile integral; DCV, distal contractile velocity; DL,
distal latency; IRP4, 4-second integrated relaxation pressure; EGJ resting pressure, resting pressure at the esophagogastric junction; EGJ-
CIL, EG]J contractile integral; DPE, distension pressure during esophageal emptying; SDL, swallow distension latency; DCL, distension

contraction latency; IR, impedance ratio; CSI, contractile segment impedance.

* p <0.05,** p <0.01, *** p <0.001.

Time had a main effect on DCV, DL, and SDL (DCV
time, p = 0.002; DL time, p < 0.0001; SDL time, p = 0.004)
(Fig. 2a, b). Hence, contraction and bolus arrival at the
EGJ was more rapid in infants at later time points. Other
effects observed include an increase in IRP4 at later time
points (time, p = 0.003). However, the relevance of this
finding was unclear as intrabolus distension pressure
during esophageal emptying was unaffected (time, p =
0.129). Mucosal impedance (CSI) increased (time, p =
0.027) causing the IR to decrease at increasing time points
(time, p = 0.008). Interestingly, the strength of the esoph-
ageal contraction decreased at later time points (DCI
time, p=0.021). DCI was not related to GA nor PNA (GA,
p =0.837; PNA, p = 0.774). EGJ resting pressures seemed
to increase related to GA and PNA at the start of study,
but not to time (GA, p = 0.018; PNA, p = 0.029; time, p =
0.14). Higher GA and PNA (hence, PMA) were associated
with higher EGJ resting pressures and with lower IR (data
not shown).

Esophageal Motility in Healthy Preterms

At each time point, the percentage of oral intake in-
creased for the studied subjects (Table 1). At time point
4, the mean percentage of oral intake to total enteral was
87+23%. Four patients were on full oral feeding at time
point 4. Esophageal length did not change with age with-
in this 4-week time interval. We did not find an associa-
tion between oral feeding intake and the studied swallow
function variables (Spearman’s rank, NS).

Discussion

This study characterizes esophageal motility patterns,
metrics of esophageal peristaltic, and EGJ barrier func-
tion of healthy preterm infants during postnatal matura-
tion. The most important finding of this prospective
study is that the speed of peristaltic propagation increases
as the infant matures. Consistent with previous reports,
the EGJ barrier function is already well established in
young preterm infants [11].

Neonatology 5
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Fig. 2. Illustration of maturation of pressure-flow parameters dur-
ing nutritive swallow in a preterm study patient at time point 1 (a)
and time point 3 (b). Swallows are shown as recorded by high-
resolution impedance manometry and displayed as esophageal
pressure topography plots. Distal contractile velocity (DCV) dem-
onstrates the velocity of the propagating peristaltic wave. Distal

This is the first study to describe maturational changes
in esophageal function during nutritive swallows using
state-of-the-art objective measures. Previous studies have
described esophageal motor patterns in preterm infants
but were confined to dry swallows [10, 13]. Anterograde
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latency (DL) is displayed as the time interval between upper
sphincter relaxation (UES) and contractile deceleration point
(CDP). DCYV increases and DL decreases with age. DCV at time
point 1: 0.69 cm/s; at time point 3: 1.17 cm/s. DL at time point 1:
8.3 s; at time point 3: 6.3 s. EGJ esophagogastric junction.

propagated contractions in response to dry swallows were
seen in almost 30% of the swallows [10]. In the above-men-
tioned study, the percentage of peristaltic waves did not
change with increasing postnatal age, although other inves-
tigators have reported higher rates of completed peristaltic
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contractions with increasing age in the second esophageal
segment [13]. In the present study, peristaltic contractions
were registered in response to nutritive swallows in all in-
vestigated patients at weekly sequential time points.

With increasing age, peristalsis propagates faster (in-
creased DCV), and the swallowed bolus arrives earlier
(decreased DL) in the distal esophagus. This observation
is not related to an increase in esophageal length, although
the DL is known to increase with esophageal length in
older children [20]. The reason for this decreased DL re-
mains unclear; however, we speculate that bolus propul-
sion by the tongue base and pharynx may become stron-
ger with increasing age. Alternatively, the subtle changes
seen may reflect maturational changes within the enteric
nervous system. Propagation rate is known to be influ-
enced by the inhibitory-excitatory balance within the en-
teric nervous system, whereby a relative reduction in in-
hibition or, conversely, augmentation of excitation may
result in more rapid propagation [24]. We also noted a
reduced LES relaxation (increase in IRP4) which could
also be indicative of changes related to integrated enteric
nervous system mechanisms. Esophageal peristalsis is de-
pendent on central and peripheral vagal pathways. The
neurons in the motor and sensory vagal nerve nuclei in
the brainstem of preterm infants are immature [25]. More
mature neurons are seen in older infants. In addition, the
myelination of vagal fibers continues during the first year,
particularly the first 3 months of life [26]. These observa-
tions suggest that vagal innervation matures in preterm
infants with concomitant improvement of conduction
velocity and yet improved esophageal motility. The DCI,
however, a parameter for esophageal peristaltic vigor, de-
creases with age. The reason for this decreased DCI re-
mains unclear. Although not measured in this study, we
hypothesize that the pharyngeal contraction increases
with time, moving the bolus further down into the esoph-
agus. Hence, there is less need for a strong esophageal
contraction (DCI) to push the bolus through the EGJ.

Other changes seen with age include an increased mu-
cosal impedance (CSI). In older children and adults, alow
CSI has been proposed as a measure loss of mucosal in-
tegrity due to gastroesophageal reflux disease and/or eo-
sinophilic esophagitis [27]. In the current study, the CSI
increased in infants at later time points which may reflect
an improvement of epithelial barrier function with age.

In the past, maturational changes of the LES function
have been explored during dry swallows and in response
to mid-esophageal provocations [11, 14, 28]. Pena et al.
[14] demonstrated shorter response latency to LES relax-
ation in response to liquid stimulation and longer LES

Esophageal Motility in Healthy Preterms

relaxation in relation to age. In the same study, resting
LES pressures seemed to increase with age [14]. Other
studies have refuted maturational changes of the resting
LES pressure and concluded that the LES tone was suffi-
cient to act as an antireflux barrier in very preterm infants
[11, 15]. The data from the current study reinforce the
absence of maturational changes in non-deglutitive LES
function. Although we did not notice a difference in non-
deglutitive LES function in function of time, the data
from the current study suggest an increase in EGJ resting
pressures related to GA, PNA, and PMA. In this study,
however, we did not formally evaluate gastroesophageal
reflux episodes or the role of TLESRs.

IRP4 is a manometric parameter used to define me-
dian pressure during relaxation of LES after deglutition
[29]. IRP4 is not only determined by crural contraction
during respiration and relaxation of LES, but also by in-
creased bolus distension pressure in the esophagus [30].
We hypothesize that the increase in IRP4 with age does
not necessarily reflect a reduced relaxation of the EGJ, but
could rather be influenced by the increase in intrabolus
pressure at the EGJ caused by the intake of larger oral vol-
umes [30].

The limitations of this study need to be addressed. First,
the data are based on a limited number of patients with a
limited number of swallows analyzed per patient. However,
we were selective in the collection of swallows for pressure-
impedance analysis. We included only larger swallows with
clear impedance signals (indicating bolus flow) and propa-
gating peristalsis. Previous research has shown that 4 swal-
lows per patient were sufficient to provide a reliable analy-
sis [31]. These data from a limited number of patients need
to be confirmed in a larger number of patients, however,
ethical considerations might impede such larger studies.
Second, the analysis of nutritive boluses is challenging es-
pecially when preterm infants drink in a physiological way
using consecutive swallows during bottle feeding. Howev-
er, we managed to select an adequate number of analyzable
swallows leading to the presented results. The administra-
tion of isolated oral boluses could facilitate the analysis and
interpretation of the esophageal peristaltic contraction but
does - on the other hand - not fully reflect the physiologi-
cal way of drinking of a young infant.

Conclusion
This prospective study shows maturational changes in

esophageal function in preterm infants. With increasing
age, the esophageal peristaltic contraction during nutri-

Neonatology 7
DOI: 10.1159/000506481

11:34:06 AM



tive swallowing becomes faster, and the extent of EG]J re-
laxation reduces. However, we noticed an increased EGJ
barrier in preterm infants with higher PNA and PMA.
The mechanisms controlling the EGJ barrier in rest, how-
ever, were unaffected over the different time points. These
maturational changes are important to acknowledge
when trying to understand normal esophageal motility
after preterm birth.
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