
Neurogastroenterology & Motility. 2020;00:e13849.	 wileyonlinelibrary.com/journal/nmo	   |  1 of 9
https://doi.org/10.1111/nmo.13849

© 2020 John Wiley & Sons Ltd 

 

Received: 30 December 2019  |  Revised: 13 March 2020  |  Accepted: 18 March 2020
DOI: 10.1111/nmo.13849  

O R I G I N A L  A R T I C L E

Characterization of esophageal motility and esophagogastric 
junction in preterm infants with bronchopulmonary dysplasia

Maissa Rayyan1,2  |   Taher Omari3  |   Anne Debeer1,2 |   Karel Allegaert2,4,5  |   
Nathalie Rommel6,7,8

Abbreviations: BPD, bronchopulmonary dysplasia; CD, crural diaphragm; CSI, contractile segment impedance; DCI, distal contractile integral; DL, distal latency; DPE, distension 
pressure during esophageal emptying; EGJ, esophagogastric junction; EGJ-CI, EGJ contractile integral; GER, gastroesophageal reflux; GERD, gastroesophageal reflux disease; HHHFNC, 
heated and humidified high-flow nasal cannula; HRIM, high-resolution impedance manometry; IR, impedance ratio; IRP4, 4-second integrated relaxation pressure; LES, lower esophageal 
sphincter; PMA, postmenstrual age; TLESR, transient lower esophageal sphincter relaxation; TZ, transition zone; UES, upper esophageal sphincter.

1Neonatal Intensive Care Unit, University 
Hospitals Leuven, Leuven, Belgium
2Department of Development and 
Regeneration, KU Leuven, Leuven, Belgium
3College of Medicine & Public health, 
Flinders University, Adelaide, Australia
4Department of Pharmaceutical and 
Pharmacological Sciences, KU Leuven, 
Leuven, Belgium
5Department of Clinical Pharmacy, Erasmus 
Medical Center, Rotterdam, The Netherlands
6Department of Neurosciences, 
Experimental ORL, KU Leuven, Leuven, 
Belgium
7Neurogastroenterology and Motility, 
Gastroenterology, University Hospitals 
Leuven, Leuven, Belgium
8Translational Research Center for 
Gastrointestinal Disorders (TARGID), KU 
Leuven, Leuven, Belgium

Correspondence
Maissa Rayyan, Neonatal Intensive 
Care Unit, University Hospitals Leuven, 
Herestraat 49, B-3000 Leuven, Belgium.
Email: maissa.rayyan@uzleuven.be

Funding information
Fund for clinical research, University 
Hospitals Leuven

Abstract
Background: To characterize esophageal motility and function of the esophagogas-
tric junction (EGJ) in preterm infants with bronchopulmonary dysplasia (BPD).
Methods: High-resolution manometry with impedance was used to investigate es-
ophageal motility and EGJ function in 28 tube-fed preterm infants with BPD. Patients 
with BPD were studied at term age during oral feeding. Thirteen healthy term-aged 
infants were included as controls. Esophageal analysis derived objective measures to 
evaluate esophageal contractile vigor, bolus distension pressure, EGJ relaxation, and 
EGJ barrier function (in rest and during respiration). In addition, we investigated the 
effect of BPD severity on these measures.
Key results: A total of 140 nutritive swallows were analyzed (BPD, n = 92; controls, 
n = 48). Normal esophageal peristaltic wave patterns were observed in all infants. 
BPD patients had higher distal contractile esophageal strength compared with con-
trols (Kruskal-Wallis (KW) P =  .048), and their deglutitive EGJ relaxation was com-
parable to controls. Severe BPD patients showed higher bolus distension pressures, 
higher EGJ resting pressures, and increased EGJ contractile integrals compared 
with mild BPD patients (Mann-Whitney U P = .009, KW P = .012 and KW P = .028, 
respectively).
Conclusions and Inferences: Preterm infants with BPD consistently present with 
normal peristaltic esophageal patterns following nutritive liquid swallows. The EGJ 
barrier tone and relaxation pressure appeared normal. In general, infants with BPD 
do not have altered esophageal motor function. There is however evidence for in-
creased flow resistance at the EGJ in severe BPD patients possibly related to an in-
creased contractility of the diaphragm.
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1  | INTRODUC TION

Enteral feeding can be very challenging in preterm infants, par-
ticularly in preterm infants with associated comorbidities such as 
bronchopulmonary dysplasia (BPD).1 BPD is a lung disease, mostly 
presents in very preterm infants (<32 weeks of gestation) and af-
fecting almost half of extremely preterm infants (<28 weeks of ges-
tation).2,3 Preterm infants with BPD are particularly prone to oral 
feeding problems and can be dependent on tube feeding after dis-
charge.4-6 Yet, there are only limited research and evidence regard-
ing the cause of those feeding problems.

Oral aversion, disturbed sucking-swallowing-breathing coordi-
nation, aspiration, respiratory insufficiency, gastroesophageal reflux 
disease (GERD) are thought to contribute to oral intake problems.5,7-9 
Esophageal motility disorders can also cause feeding problems but 
have not been well explored in infants suffering from BPD.10 There 
is some evidence in healthy preterm infants that immaturity of pha-
ryngeal motor function might play a role in nutritive deglutition.11 
Additional description of esophageal motility patterns in infants with 
BPD during deglutition could improve the understanding of the role of 
esophageal motor dysfunction in feeding difficulties. For that purpose, 
enhanced pressure and impedance measurements can offer improved 
characterization of the mechanisms of esophageal bolus transport.12,13

With regards to gastroesophageal reflux (GER), data on the in-
creased prevalence in infants with BPD are conflicting.14 The predom-
inant mechanism of GER in preterm infants with and without BPD is 
transient relaxations of the lower esophageal sphincter (TLESRs).9,15 
Recently, an improved manometric diagnostic parameter, the EGJ con-
tractile integral (EGJ-CI), has been advocated as a measure to investi-
gate non-deglutitive EGJ function in adults with GERD; however, its 
relevance in the neonatal and pediatric setting is unclear.

Because of the lack of data in young infants with BPD, we un-
dertook a prospective study to describe esophageal bolus trans-
port parameters during feeding and to explore both deglutitive and 
non-deglutitive functions of the EGJ in these infants.

2  | MATERIAL S AND METHODS

The study was approved by the local ethical committee of University 
Hospitals Leuven (Belgian study number B322201214271). Written 
informed consent was obtained from all participants’ primary car-
egivers before the start of the study. The included patients under-
went high-resolution manometries related to the study protocol, in 
the absence of a specific clinical indication.

2.1 | Patients

2.1.1 | Patients with BPD

Preterm infants admitted in the neonatal intensive care unit (NICU) 
of the University Hospitals Leuven were eligible for the study when 

diagnosed with BPD on the condition that they were still being fed 
by nasogastric tube at term age because of limited oral intake. BPD 
is defined based on the oxygen need at postnatal day 28 and is fur-
ther specified as mild (oxygen FiO2 21% at postmenstrual age (PMA) 
36 weeks), moderate (oxygen FiO2 < 30% at PMA 36 weeks), or se-
vere BPD (positive pressure respiratory support and/or oxygen need 
FiO2 ≥ 30% at PMA 36 weeks).3 Heated and humidified high-flow 
nasal cannula (HHHFNC) and oxygen supplementation were not an 
exclusion criteria, but infants were only included if oral feeding was 
already introduced as part of their daily clinical care. Infants with oro-
pharyngeal problems at risk for aspiration were not included in this 
study. Clinical data on age, weight (for PMA),16 oxygen need, respira-
tory support, drugs use (PPI, H2-blockers, prokinetic drugs, caffeine), 
and tube feeding or oxygen therapy at discharge were recorded.

2.1.2 | Control patients

Healthy term and former preterm infants at term age were included 
as controls. The healthy, preterm infants were studied as part of a 
parallel research study investigating maturational trends over time in 
preterm infants.17,18 The manometric studies at term age in preterm 
infants and the data collected in the healthy term infants were used 
as control data for the current study.

2.2 | High-resolution impedance 
manometry recordings

In infants with BPD and healthy preterm infants, the nasogastric 
tube was removed before start of the study. Type of respiratory 
support remained unchanged during the study. High-resolution 
manometry combined with impedance (HRIM) recordings were ac-
quired using an 8 Fr solid-state catheter (external diameter 2.7 mm) 
incorporating 13 pressure sensors spaced 1  cm, and 6 adjoining 
impedance segments, each 2 cm apart (Unisensor AG). Guided by 
a color screen plot in real time, the probe was passed along the es-
ophagus with the tip through the lower esophageal sphincter (LES) 
and placed in the stomach ensuring that at least 1 pressure and 1 
impedance channel was positioned in the stomach. A central lumen 

Key point s

•	 Preterm infants with BPD have normal peristaltic motor pat-
terns following nutritive swallows.

•	 The EGJ barrier function seems unaffected in patients with 
BPD.

•	 There is evidence of increased flow resistance at the EGJ in 
patients with severe BPD possibly related to an increased 
contractility of the diaphragm.



     |  3 of 9RAYYAN et al.

in the catheter was used for administration of feeding at the end of 
the study whenever infants needed to be supplemented after in-
sufficient oral intake. The catheter was removed immediately after 

administration of the feed. Pressure and impedance data were ac-
quired at 20 samples per second (Solar GI, Medical Measurement 
Systems).

F I G U R E  1  Derivation of esophageal pressure and impedance metrics. Esophageal pressure topography plot (Clouse plot) after 
swallowing of a bolus as described in Swallow Gateway™. Pressures amplitudes along the esophagus and at the level of the esophagogastric 
junction (EGJ) are reflected using a color code as a function of time. Distension of the esophagus as the bolus flow moves down the 
esophagus is determined using impedance. The pink impedance line indicates maximum esophageal distension along the esophagus. The 
plots on top and below the Clouse plot show the pressure and impedance signals at the upper esophageal sphincter (UES) and EGJ margins, 
respectively. Relaxation and contraction of the UES and EGJ are recorded (black line) as well as distension (pink line). The plot just right from 
the Clouse plot shows axial pressures recorded along the esophageal body at the exact time point of maximum distension of the esophageal 
lumen just proximal to the EGJ (pink asterisk). The following esophageal pressure topography metrics are displayed on the Clouse plot: distal 
latency time (DL), distal contractile integral (DCI), and EGJ-integrated relaxation pressure (IRP4). Pressure-impedance–derived metrics are 
shown in pink. Distension pressure during esophageal emptying (DPE from EGJ margin to crural diaphragm (CD), from C to D). Impedance 
ratio (IR) is depicted on the far right plot from the Clouse plot. IR is a parameter reflecting bolus clearance and is calculated by the average of 
all impedance ratio's values (nadir impedance/impedance at peak pressure) along the esophageal body from UES to EGJ. Contractile segment 
impedance (CSI) is measured at the distal one-third of the esophagus above the EGJ margin and determines the impedance at peak pressure 
(red line). A, lower margin UES; B, transition zone; C, EGJ margin; D, crural diaphragm. Abbreviations: CD, crural diaphragm; CSI, contractile 
segment impedance; DCI, distal contractile integral; DL, distal latency; DPE, distension pressure during esophageal emptying; EGJ, 
esophagogastric junction; IR, impedance ratio; IRP4, 4-s integrated relaxation pressure; TZ, transition zone; UES, upper esophageal sphincter
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All studies were performed bedside in the NICU. During all 
procedures, infants were monitored using oxygen saturation and 
ECG. Oral sucrose 24% was used for procedural analgesia be-
fore transnasal placement of the probe. A quiet environment was 
created, lights were dimmed, and parents were present to com-
fort their child. Infants were fed with a bottle in their habitual 
position with expressed breastmilk or formula milk. Normal sa-
line was added to enhance the bolus conductivity for impedance 
measurements (1/10 dilution of NaCl 0.9%). Infants were allowed 
to drink from a bottle ad libitum. Whenever oral bottle feeding 
proved to be difficult, boluses of 0.5 mL were given orally, using 
a syringe.

2.3 | High-resolution impedance 
manometry analysis

Normal peristaltic wave patterns were defined as the presence 
of propagating pressure waves post-deglutition along the es-
ophagus from the upper esophageal sphincter (UES) to the EGJ.19 
HRIM recordings were analyzed via the web application Swallow 
Gateway™ (available at: swallowgateway.com) as recently de-
scribed.20 The HRIM study was first exported from MMS as an 
ASCII file and then uploaded on the web application for further 
analysis. In this study, only nutritive swallows were selected and 
analyzed. The impedance signal at the distal UES margin was used 
to detect bolus flow consistent with nutritive swallows. Three 
EPT metrics were extracted, these included (Figure 1): (a) distal 
contractile integral (DCI), index of contractile vigor, calculated as 
the product of the amplitude, duration, and span of the distal es-
ophageal contraction; (b) distal latency (DL), the interval between 
UES and contractile deceleration point; and (c) IRP4 reflects the 

median EGJ pressure during 4 seconds of maximal relaxation after 
UES relaxation.

Three enhanced pressure-impedance–derived metrics were 
extracted (Figure 1): These were (a) intrabolus distension pressure 
during esophageal emptying (DPE); (b) impedance ratio (IR), imped-
ance measure of bolus clearance and ineffective bolus transit; 
and (c) contractile segment impedance (CSI), 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

For evaluation of EGJ barrier function, mean resting pressure and 
EGJ-CI were determined at the onset of the manometric recording 
over three periods including three respiratory cycles above a thresh-
old of gastric pressure.23 The EGJ contractile integral (EGJ-CI) de-
fines the vigor of the EGJ barrier, independent of time.23 EGJ resting 
pressure is the pressure measured over the EGJ in rest, not related 
to swallowing, at the beginning of the study. The function of the UES 
and TLESRs  were not evaluated as part of this study.

2.4 | Statistical analysis

Swallow parameters selected for each individual case were calcu-
lated as medians for comparison with controls. For BPD subgroup 
analysis, swallows were analyzed individually. Parameters were 
predominantly non-parametric; therefore, non-parametric statis-
tical methods were conducted. Mann-Whitney U (MWU) test and 
independent samples Kruskal-Wallis (KW) test (followed by post 
hoc Bonferroni correction when appropriate) were used. Statistical 
data analysis was conducted using IBM SPSS Statistics (IBM Corp, 
released 2017, version 26.0, IBM Corp, Armonk, NY). A P-value < .05 
indicated statistical significance.

  BPD Healthy controls
Healthy former 
preterm controls

Number of patients 
(n)

28 (16 boys) 3 (2 boys) 10 (8 boys)

GA (wks) 26.2 [24.3-28.3] 37.0 [36.3-38.4] 30.4 [28.4-31.4]

Birth weight (g) 755 [500-1060] 3290 [3220-3320] 1300 [670-1570]

PNA at study (d) 118 [54-171] 62 [31-62] 47 [41-65]

PMA at study 
(weeks)

40.6 [37.4-44.1] 45.1 [42.9-45.1] 36.9 [36.0-39.6]

Weight at study 
(grams)

2910 [2150-4102] 4620 [3800-4900] 2536 [2342-2890]

Oxygen (n) 10 0 0

HHHFNC (n) 4 0 0

Home oxygen (n) 7 0 0

Home tube feeding 
(n)

8 0 0

Note: Median values [range] are displayed.
Abbreviations: BPD, bronchopulmonary dysplasia; GA, gestational age; HHHFNC, heated and 
humidified high-flow nasal cannula; PMA, postmenstrual age (GA + PNA); PNA, postnatal age.

TA B L E  1   Characteristics of patients 
with bronchopulmonary dysplasia and 
controls
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3  | RESULTS

3.1 | Cohort characteristics

Twenty-eight former preterm infants with BPD at term equivalent 
age were included in this study (16 males, 12 females) and compared 
with 13 control patients (10 healthy preterm, 3 term). Patient char-
acteristics are summarized in Table 1. The PMA of infants with BPD 
was 40.6 weeks (range 37.4-44.1 weeks). Z-scores for weight were 
<−1 at birth in 11/28 BPD patients. At the time of the manometric 
study, the number increased to 18 infants (PMA = 40 weeks; median 
weight loss, Z-score = −1.13). Two patients suffered from mild BPD, 9 
patients from moderate BPD, and 17 from severe BPD. None of the 
included patients received CPAP or caffeine at the time of the study. 
Four patients were on nasal respiratory support with HHHFNC 
(2-4 L/minute). Patients were treated for GER according to the clini-
cal judgment of the attending neonatologist. Fourteen BPD patients 
received anti-reflux treatment at the time of the manometric study 
and at discharge: domperidone (n = 10), erythromycin (n = 1), antacid 
agents (n = 8), combination drug therapy (n = 6), and milk-thickening 
(n = 1). Eight of 28 BPD patients were discharged on tube feeding, 
none in the control group. A total of 140 nutritive swallows were 
analyzed as follows: 92 in BPD patients and 48 in controls. In 2 
patients, esophageal analyses could not be performed due to long 
consecutive swallowing with deglutitive peristaltic inhibition or due 
to lack of an adequate bolus flow signal. EGJ evaluations were per-
formed in all patients.

3.2 | Esophageal motility parameters

Normal peristaltic wave patterns were observed in all BPD and con-
trol patients following nutritive swallows. Computed parameters 
during nutritive swallowing are summarized in Table 2. Higher DCI 
was observed in infants with BPD (KW P =  .048). Among patients 
with BPD, DCI was lower in the subgroup treated for GER (MWU 
P = .043). Patients with BPD treated for GER had similar esophageal 
mucosal integrity compared with those who were not (CSI, MWU 
P = .72).

Table 3 summarizes details of patients grouped by type of BPD. 
Most patients included in the study had severe BPD (17/28). Birth 
weight of patients with severe BPD was lower compared to patients 
with mild BPD (KW P = .046) despite a similar gestational age (KW 
P = .688). Days of parenteral nutrition were similar among BPD types 
(KW P = .183). Patients with severe BPD seemed to be initiated to 
oral feeding later compared with mild, but this difference was sta-
tistically not significant (PMA 36 vs 34 weeks, KW P =  .073). DPE 
was higher in patients with severe compared to mild BPD (MWU 
P = .009) (Figure 2). EGJ resting pressures and EGJ-CI were signifi-
cantly higher in patients with severe BPD compared to patients 
with mild BPD (KW P = .012 and P = .028, respectively), while only 
EGJ resting pressures and not EGJ-CI were higher in patients with 

moderate compared to patients with mild BPD (KW P  =  .020 and 
P  =  .065, respectively). We also observed a direct association be-
tween IRP4 and DPE (Pearson r = 0.33, P = .0014) (Figure 3). IRP4 
was however not different in patients with BPD vs. non-BPD con-
trols and not different among different subtypes of BPD.

4  | DISCUSSION

This study characterizes on the one hand esophageal bolus trans-
port mechanisms and on the other hand the deglutitive and non-
deglutitive EGJ function in infants with BPD. The main findings of 
this study were that esophageal motility in response to nutritive 
swallowing was similar in the overall group of infants with BPD com-
pared to non-BPD controls, except for increased vigor of esophageal 
peristalsis observed in the BPD population. In cases where patients 
with BPD were treated for GER, this contractile vigor tended to be 
weaker. We also found that patients with severe BPD presented with 
increased EGI-CI and showed more resistance to bolus flow (higher 
DPE) in the distal esophagus. These findings are possibly related to 
increased contractility of the diaphragm in patients with severe BPD.

Gastroesophageal reflux is considered important in the manage-
ment of BPD patients, and anti-reflux surgery has been advocated 
as GERD treatment in patients with severe BPD.24 However, the 
findings of this study do not reveal an impaired anti-reflux barrier 
function in patients with severe BPD. In fact, this study has demon-
strated for the first time that BPD patients do not have lower EGJ 
resting pressures and EGJ-CI compared with non-BPD controls. 

TA B L E  2   Esophageal pressure topography parameters and 
pressure-impedance parameters in infants with bronchopulmonary 
dysplasia and controls

Parameter BPD Controls

Esophageal pressure topography

DCI (mmHg.cm.s)* 743 [201-1931] 429 [179-1112]

DL (s) 4.89 [3.68-8.93] 4.64 [3.66-5.89]

IRP4 (mmHg) 9.4 [0.5-51.0] 13.9 [3.4-30.0]

EGJ resting pressure 
(mmHg)

46.3 [22.4-169.1] 50.2 [11.8-95.7]

EGJ-CI (mmHg.cm) 46.6 [20.6-186.0] 45.4 [8.5-88.0]

Pressure-impedance parameters

DPE (mmHg) 19 [12-46] 17 [12-33]

IR 0.67 [0.56-0.84] 0.70 [0.56-0.84]

CSI (Ω) 1013 [596-1514] 874 [703-1196]

Note: Median values [range] are given.
Abbreviations: BPD, bronchopulmonary dysplasia; CSI, contractile 
segment impedance; DCI, distal contractile integral; DL, distal latency; 
DPE, distension pressure during esophageal emptying; EGJ resting 
pressure resting pressure at esophagogastric junction; EGJ-CI, EGJ 
contractile integral; IR, impedance ratio; IRP4, 4-second integrated 
relaxation pressure.
*P < .05 Kruskal-Wallis test. 
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Moreover, infants with severe BPD seem to have higher EGJ rest-
ing pressures and increased EGJ-CI compared to infants with mild 
BPD. The EGJ-CI captures variations in EGJ barrier function during 
respiration, specifically assessing the pressure increase during in-
spiration. This metric is independent from the respiratory rate and 
is largely determined by contraction of the crural diaphragm and 
can therefore particularly be useful in infants with BPD. Our data 
show that the EGJ barrier during respiration was similar in all pa-
tients with BPD compared with healthy controls. This implies that in 
infants with BPD, the EGJ barrier function is preserved and should 
not be assumed to drive GER. TLESRs are however known to be the 
most common mechanism of GER in infants with BPD and could 
potentially be aggravated by increased gastroesophageal pressure 

gradients.9,25 While we did not gather objective measures of reflux, 
such as pH-monitoring, in our study patients, esophageal mucosal 
integrity can be inferred using the CSI.22,26 CSI was not reduced 
in BPD and was comparable in patients with BPD irrespective of 
treatment for GER. This finding is consistent with evidence that 
many patients with BPD, who are treated for GERD, fail to demon-
strate more GER on pH-monitoring14,27,28 An alternative hypothesis 
could be that esophageal clearance due to increased bolus flow re-
sistance at the EGJ is leading to retrograde flow, hereby increasing 
risk for aspiration and resembling esophageal regurgitation as seen 
in GER. Gastroesophageal regurgitation and retrograde esophageal 
bolus flow of residue secondary to outflow resistance may clinically 
present identical. The increased DCI seen in patients with BPD may 

  Mild BPD Moderate BPD Severe BPD

Number of patients 2 9 17

Number of analyzed 
swallows

4 36 52

Clinical characteristics

GA (wks) 26.3 25.6 [24.3-27.6] 26.4 [24.6-28.3]

Birth weight (g)a  920 [870-970] 770 [500-1060] 680 [500-960]

Days PN 15.5 [15-16] 25 [13-43] 22 [14-129]

PMA full enteral (wks) 28.6 [28.6-28.7] 29.6 [26.7-32.0] 30.7 [27.3-44.6]

PMA first oral (wks) 34.0 [33.9-34.1] 34.7 [33.3-36.6] 36.0 [31.9-43.6]

PMA full oral (wks) 38 [37-39] 40 [37-44] N/A

Home tube feeding (n) 0 0 8

GER treatment 
discharge (n)

0 5 9

Home oxygen (n) 0 0 7

Esophageal pressure topography

DCI (mmHg.cm.s) 855 ± 462 815 ± 808 650 ± 667

DL (s) 4.92 ± 1.57 5.26 ± 1.47 4.75 ± 1.13

IRP4 (mmHg) 9.1 ± 1.6 9.2 ± 18.1 17.3 ± 23.2

EGJ resting pressure 
(mmHg)b 

29 ± 16 56 ± 26 49 ± 26

EGJ-CI (mmHg.cm)c  30 ± 23 50 ± 58 48 ± 26

Pressure-impedance parameters

DPE (mmHg)d  14 ± 3 21 ± 11 20 ± 10

IR 0.74 ± 0.07 0.65 ± 0.16 0.68 ± 0.15

CSI (Ω) 926 ± 297 1123 ± 459 988 ± 381

Note: Parameters of clinical characteristics are displayed as median [range].
Parameters of individual swallows are displayed as median ± IQR.
Abbreviations: BPD, bronchopulmonary dysplasia; CSI, contractile segment impedance; DCI, 
distal contractile integral; DL, distal latency; DPE, distension pressure esophageal emptying; EGJ 
resting pressure, resting pressure at esophagogastric junction; EGJ-CI, EGJ contractile integral; 
GA, gestational age; GER, gastroesophageal reflux; IR, impedance ratio; IRP4, 4-second integrated 
relaxation pressure; PMA, postmenstrual age (gestational age + postnatal age); PN, parenteral 
nutrition.
aKruskal-Wallis test P < .05 mild vs severe BPD. 
bKruskal-Wallis test P < .05 mild vs moderate and vs severe BPD (post hoc Bonferroni corrected). 
cKruskal-Wallis test P < .05 mild vs severe BPD (post hoc Bonferroni corrected). 
dMann-Whitney U test P < .01 mild vs severe BPD. 

TA B L E  3   Clinical characteristics 
and esophageal parameters in infants 
with mild, moderate, and severe 
bronchopulmonary dysplasia
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represent the normal physiological augmentation of contractility 
as the esophageal body responds to outflow resistance.29 The in-
trabolus distension pressures during bolus esophageal emptying 
(DPE, pressure recorded just before the bolus passes the crural 
diaphragm) were increased in patients with severe BPD compared 
to infants with mild BPD. Augmentation of DPE suggests greater 
bolus flow resistance during emptying into the stomach.12 The ob-
served augmentation of EGJ-CI in infants with severe BPD could 
potentially indicate an increased outflow resistance caused by an 
increased contractility of the diaphragm observed in these infants. 
IRP4, the parameter typically used to reflect deglutitive EGJ relax-
ation, was not correspondingly increased in relation to bolus pres-
surization in the distal esophagus. However, IRP is a complex metric 
that is influenced by both bolus distension and contact pressures.30 
IRP values can also be significantly elevated and highly variable in 
infants and therefore unable to detect more subtle variations within 
physiological ranges.

Nasal CPAP and HHHFNC are often used as respiratory 
support in infants with severe BPD. Feeding infants on contin-
uous positive airway pressure remains controversial.31-33 The 
benefits of introducing feeding in a critical window must be 
weighed against the risk of laryngeal penetration, aspiration, 
and worsening of lung disease. A recent animal study not only 
provided evidence on safe bottle feeding and maintained suck-
ing-swallowing-breathing coordination, but also on improved ef-
ficiency of bottle feeding in preterm and full-term lambs on nasal 
CPAP.34,35 The same group of researchers showed that nasal 
CPAP seems to inhibit GER in newborn lambs by increasing the 
barrier function of the EGJ.36 They believed that this was due to 
a decreased duration and depth of the transient relaxation of the 
LES. In the current study, the number of patients on respiratory 
support was limited. Only 4 of 28 patients were on HHHFNC 
(2-4 L/minute) and none were on nasal CPAP. Further studies on 
infants with BPD on nasal respiratory support are useful to elu-
cidate the effect of this ventilation on the esophageal pressures 
and on the EGJ.

The current study has some limitations that are important to 
acknowledge. First, most patients included in the study are infants 
with severe BPD. This is intrinsically related to the protocol since 
patients were only eligible for the study if they were still receiv-
ing tube feeding at term age. The number of mild patients with 
BPD that were compared with those with severe BPD is there-
fore limited. Conclusions should therefore be taken cautiously. 
Second, data are based on a small number of BPD and control sub-
jects. Because of ethical considerations, the number of included 
healthy control subjects remains limited. Third, the volume of the 
oral bolus during swallows varied intra- and interpatient. Patients 
were allowed to drink ad libitum from a bottle and after oral bolus 
administration. However, the same volume of 0.5 ml was adminis-
tered orally, and the number of swallows in response to this bolus 
was variable.37 Fourth, we cannot exclude that prokinetic drugs 
like domperidone administered to infants with BPD influenced 
esophageal metrics such as an increase of LES resting pressure. 
Finally, control data originate from data from healthy term and 
preterm infants and are therefore different to preterm infants 
with BPD. These data are however acquired in the same circum-
stances and are currently the best data available.

In conclusion, we described esophageal motility and EGJ func-
tion in patients with BPD during feeding. Preterm infants with BPD 
have normal peristaltic motor patterns following nutritive swallows. 
Barrier function seemed unaffected in patients with BPD. In addi-
tion, we observed evidence of increased flow resistance at the EGJ 
in patients with severe BPD possibly related to an increased contrac-
tility of the diaphragm in these patients. More studies are needed to 
identify the role of nasal respiratory support on esophageal function 
in patients with severe BPD.
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