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Background: Patent ductus arteriosus (PDA) and diaphragmatic dysfunction are
frequently seen in newborn infants but their relationship remains unknown. We
aimed to use point of care ultrasound to compare diaphragmatic kinetics in
infants with a PDA compared to in those without a PDA.
Methods: M-mode ultrasonography was used to measure the mean inspiratory
velocity (VI) in newborn infants with and without a haemodynamically significant
PDA admitted in the Neonatal Unit at King’s College Hospital during a three
month period.
Results: Seventeen diaphragmatic ultrasound studies were reviewed from 14
infants with a median (IQR) gestational age of 26.1 (25.8–30.6) weeks, birth
weight of 780 (660–1385) gr at a postnatal age of 18 (14–34) days. Eight scans
had evidence of a PDA. The median (IQR) VI was significantly lower in scans
with a PDA [1.01 (0.78–1.86) cm/s] compared to the ones without a PDA [3.21
(2.80–3.59) cm/s, p < 0.001]. The median (IQR) gestational age was lower in
infants with a PDA [25.8 (25.6–27.3) weeks] compared to infants without a PDA
[29.0 (26.1–35.1) weeks, p=0.007]. Using multivariable linear regression analysis
the VI was independently associated with a PDA (adjusted p < 0.001) but not
with the gestational age (adjusted p= 0.659).
Conclusions: Patent ductus arteriosus was associated with a lower mean
inspiratory velocity in neonates and this effect was independent of gestational age.
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Introduction

Point of care ultrasound is widely accepted in neonatal intensive care as an accessible

diagnostic tool, used to diagnose lung pathology and other conditions (1). The diaphragm

is the main muscle of respiration and can be assessed ultrasonographically. Measured

parameters include the diaphragmatic thickness and diaphragmatic kinetics by time

motion display (M-mode) ultrasonography, during which the operator can record the

displacement of the diaphragmatic segments and velocity of motion (2, 3). The median

diaphragmatic thickness has been reported to be higher in term compared to preterm

infants highlighting increasing skeletal muscle mass (4). Hypercapnia and induced muscle
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fatigue by phrenic nerve pacing in piglets was associated with a

significant decrease in the inspiratory velocity of the diaphragm (5).

The diaphragm undertakes the work of breathing and in the

newborn, especially those born prematurely, is prone to

dysfunction due to lower muscle mass, flattened shape and a low

content of fatigue-resistant muscle fibres (3). In some infants

impaired diaphragmatic function could clinically manifest as an

inability to wean successfully from assisted ventilation (3).

Patent ductus arteriosus (PDA) is often encountered in

neonatal intensive care and is a common complication of

prematurity, occurring in approximately 20%–50% of neonates

born before 32 weeks of gestation (6). Although PDA is

considered a comorbidity that would negatively affect successful

weaning from invasive ventilation (7), the relationship of PDA

with diaphragmatic function has not been previously described in

the neonatal population. A negative effect, however, of a

significant PDA on diaphragmatic function is possible, as the

pathophysiology of PDA would include some element of

congestive heart failure, and numerous studies in adults have

described diaphragmatic dysfunction in patients with left heart

failure due to numerous distinct mechanisms (8).

We hypothesized that infants with PDA would have a different

pattern of diaphragmatic kinetics assessed by diaphragmatic

ultrasound compared to infants without PDA. Our aim was to

test this hypothesis.
Materials and methods

Subjects

The echocardiograms of infants that were admitted to the

neonatal unit at King’s College Hospital NHS Foundation Trust,

London, UK between 1 April 2022 and 30 June 2022 and

underwent an echocardiographic assessment for clinical reasons

were retrospectively reviewed. This was an exploratory sample of

convenience and the duration was based on the availability of the

operator (MN). Sex, complete course of antenatal corticosteroids,

gestational age at birth, birth weight, birth weight z-score (9),

postnatal age at the time of ultrasound, invasive ventilation,

administration of postnatal steroids or non-depolarising muscle

relaxing agents were recorded. As the echocardiograms were

performed for clinical reasons, the study was registered with the

Clinical Governance Department of King’s College Hospital NHS

Foundation Trust. The Health Research Authority Toolkit of the

National Health System, UK confirmed that the study was not

considered as research and hence would not need regulatory

approval by a research ethics committee.
Patent ductus arteriosus

Ventilated infants with a requirement for supplemental oxygen

exceeding 40%, underwent echocardiographic assessment and the

ones with a PDA were treated with ibuprofen or paracetamol

before attempting extubation. Volume targeted ventilation was
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the mode of ventilation with a targeted tidal volume of 5–6 ml/

kg and a positive end expiratory pressure of 5 cm H2O. The

echocardiograms of the infants were reviewed by one author

(MN), a neonatologist trained in echocardiography and further

reviewed by a paediatric cardiologist (AB). Normal cardiac

anatomy was confirmed in all included infants and the ductus

was classified as “PDA” if a haemodynamically significant PDA

was present, or “no PDA” if no haemodynamically significant

PDA was detected. Defining the haemodynamic significance was

based on the PDA shunt volume and its impact on the systemic

and pulmonary circulation and myocardial function evaluation of

the increased preload (10). The echocardiograms were performed

for clinical indications (suitability for extubation or presence of

murmur) and the diaphragmatic assessment was concurrently

performed as part of the same scan.
Diaphragmatic assessment

The right hemidiaphragm was assessed from the right subcostal

area in the right lateral sagittal imaging plane in the midclavicular

line (2). A 12–4 MHz linear probe was used with the direction of

the ultrasound probe perpendicular to the diaphragm. From the

M-mode trace, the mean inspiratory velocity of the diaphragm

was calculated as:

VI ¼ Dxti

Where D was the distance the right posterior hemidiaphragm

moved during inspiration divided by the inspiratory time (tI)

(Figure 1) (5). The diaphragmatic thickness in the zone of

apposition was also measured. The mean value of three to five

repeatable measurements was calculated. The diaphragmatic

ultrasound assessments were all performed by the same operator

(MN).
Statistical analysis

Data were tested for normality with the Kolmogorov–Smirnov

test and found to be non-normally distributed. Continuous data

were presented as median and interquartile range (IQR).

Differences in diaphragmatic ultrasonographic parameters

between infants with PDA and infants without PDA were tested

for significance using the Mann–Whitney rank sum test.

Differences in sex, antenatal steroids, gestational age, birth weight

z-score and age at study were tested using the Mann–Whitney

rank sum test for continuous variables or chi square test for

binary variables. Multivariable linear regression analysis with the

enter method and the VI as the outcome variable was used to

adjust for differences in gestational age in the VI between infants

with a PDA and infants without a PDA. The gestational age was

included in the model as a potential confounder as it was

significantly different (p < 0.05) between infants with a PDA and

infants without a PDA. Variables without normal distribution
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FIGURE 1

M-mode recording of the right posterior hemidiaphragm in right lateral sagittal plane. The mean inspiratory velocity was calculated by dividing the
distance (D) that the right hemidiaphragm moves during inspiration by the inspiratory time (TI).

TABLE 1 Demographic and clinical characteristics of the study cohort.
Median (IQR) or N (%).

PDA No PDA

N = 8 scans N = 9 scans
Male sex 6 (75) 4 (44)

Antenatal steroids 3 (38) (64) 6 (67)

Birth weight (gr) 740 (655–870) 1,185 (665–2910)

Birth weight z score 0.78 (−1.12 to 0.83) 0.01 (−1.86 to 1.79)

Gestational age (weeks) 25.8 (25.6–27.3) 29.0 (26.1–35.1)

Age at study (days) 31 (17–39) 14 (12–23)
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were logarithmically transformed. Multi-collinearity among the

independent variables in the multiple regression analysis was

assessed by calculation of the tolerance for the independent

variables. Linear regression analysis was used to graphically

present the relationship of the VI with gestational age according

to PDA status. The power of the study was calculated post-hoc

based on the observed values of the VI in the groups of infants

with and without a PDA.

Statistical analysis was performed using IBM SPSS Software

(IBM, Chicago, IL).

Ventilated at study 5 (63) 5 (56)
Results

During the study period, 17 echocardiographs with

diaphragmatic assessment were undertaken in 14 infants (10

male) with a median (IQR) gestational age of 26.1 (25.8–30.6)

[range: 23.7–39.0] weeks, birth weight of 780 (660–1385) gr,

birth weight z-score of 0.43 (−1.59 to 1.20) and studied at a

postnatal age of 18 (14–34) days. None of the included infants

had been exposed to postnatal dexamethasone or non-

depolarising muscle relaxing agents before the study.

Eight echocardiograms had evidence of a significant PDA and

the remaining nine did not. The demographic and clinical

characteristics of the included infants according to PDA status

are presented in Table 1. The median (IQR) VI was significantly

lower in scans with PDA [1.01 (0.78–1.86) cm/s] compared to

scans without PDA [3.21 (2.80–3.59) cm/s, p < 0.001]. The

median (IQR) D was significantly lower in scans with PDA [0.47
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(0.40–0.77) cm] compared to scans without PDA [0.93

(0.67–1.39) cm, p = 0.021]. The median (IQR) tI was significantly

longer in scans with a PDA [0.47 (0.36–0.56) s] compared to

scans without a PDA [0.29 (0.22–0.43) s, p = 0.021]. The median

(IQR) diaphragmatic thickness was not significantly different in

scans with a PDA [4.0 (3.5–5.3) mm] compared to scans without

a PDA [3.7 (2.7–5.5) mm, p = 0.574].

The median (IQR) gestational age was lower in infants with a

PDA [25.8 (25.6–27.3) weeks] compared to infants without a PDA

[29.0 (26.1–35.1) weeks, p = 0.007]. The linear regression analysis

of the gestational age with the VI is presented in Figure 2

(R2 = 0.197, standardised beta coefficient = 0.44, p = 0.074). The

median (IQR) birth weight was not different in infants with a

PDA [740 (655–879) gr] compared to infants without a PDA

[1,185 (660–2910) gr, p = 0.321]. The incidence of PDA in male

infants (5 of 11) was not significantly different compared to the

incidence of PDA in female infants (0 of 3, p = 0.145). The
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FIGURE 2

Linear regression analysis of the mean inspiratory velocity (VI) vs. the gestational age (R2= 0.197, standardised beta coefficient = 0.44, p= 0.074). Subjects
with a PDA are depicted as empty circles and subjects without a PDA as solid squares.
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incidence of PDA in infants that were exposed to antenatal steroids

(3 of 9) was not significantly different compared to the incidence of

PDA in infants that were not exposed to antenatal steroids (2 of 5,

p = 0.803). The incidence of PDA in scans done in invasively

ventilated infants (6 of 10) was not significantly different

compared to the incidence of PDA in scans of infants that were

not invasively ventilated (2 of 7, p = 0.608). Seven assessments

were made in infants that were on non-invasive support: three

assessments were done on high flow nasal cannulae, three on

continuous positive airway pressure and one while the infant was

self-ventilating unassisted in room air. Following multivariable

linear regression analysis, VI was independently associated with a

PDA (adjusted p < 0.001, unstandardised beta coefficient: −1.94,
95% Confidence Interval =−1.26 to −2.62) but not with the

gestational age (adjusted p = 0.659, unstandardised beta

coefficient: −0.017, 95% Confidence Interval =−0.97 to 0.06).

Two infants had more than one echocardiogram and

diaphragmatic ultrasound. The first infant had two scans and

was diagnosed with PDA in both scans. The VI for the two scans

was 0.71 and 0.98 cm/s on day 28 and 56 respectively. The

second infant had three scans: he did not have a PDA in the first

assessment on day 14 of life and the VI was 3.57 cm/s, and had a

PDA in the next two consecutive scans on 34 and 40 day of life.

In both consecutive scans with a PDA the VI was lower at 0.71

and 1.79 cm/s.

For the number of the included infants with and without a

PDA and the observed difference in the VI between the two

groups, the power of the study was calculated post-hoc at 96.9%,

for a significance level of 0.05.
Frontiers in Pediatrics 04
Discussion

We have demonstrated that infants with a patent ductus

arteriosus exhibit a lower mean inspiratory velocity compared to

infants without a patent ductus arteriosus. This effect was

independent of gestational age or other possible confounders.

To our knowledge no previous study has investigated the effect

of a haemodynamically significant PDA on diaphragmatic kinetics

in infants. Adult and animal studies have reported the possible

mechanisms via which left ventricular heart failure (as

encountered in significant PDA) could affect diaphragmatic

function. Such mechanisms include hypo-perfusion and ischemia

of the diaphragm (8), increased proteolytic activity and increased

activation of proinflammatory cytokines such as interleukin

6 (IL6) and tumor necrosis factor–α (TNF-α) (11–13). Indeed,

adult patients with heart failure exhibited lower maximum

inspiratory pressures compared to controls (14) and impaired

contractility of the diaphragm measured using the “twitch”

transdiaphragmatic pressure (15). A study of a minipig animal

model of heart failure demonstrated a shift in diaphragmatic

fibers from type IIa (fast twitch type—resistant to fatigue) to type

I (slow twitch type—prone to fatigue) (16) and increased levels

of circulating pro-inflammatory IL-6 and TNF-α have been

shown to directly impair muscle function in animal models (17,

18). The pathophysiological connection of impaired

diaphragmatic kinetics and haemodynamically significant PDA is

a novel finding in the newborn population. This observation

might partially explain the inability of some infants to sustain
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https://doi.org/10.3389/fped.2023.1123939
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Dassios et al. 10.3389/fped.2023.1123939
independent breathing and why higher rates of PDA are seen in

premature infants that fail extubation compared to the ones that

successfully wean off invasive support (7).

In our study we used diaphragmatic kinetics via M-mode

ultrasonography to assess diaphragmatic function. Other methods

can be alternatively utilized, which may be considered

methodologically superior, such as the measurement of

maximum inspiratory pressures, the tension time index of the

diaphragm or twitch transdiaphragmatic pressures (19). These

methods however are methodologically more complex and

require expensive specialised equipment which is not routinely

available on neonatal units. Ultrasound, however, is readily

available, inexpensive and familiar to neonatal clinicians as they

use it regularly for assessing other systems such as the heart and

brain. Furthermore, methods such as the maximum inspiratory

pressures describe the respiratory muscles, only in relation to

their capacity to generate strength and cannot describe properties

of endurance or resistance to fatigue (19). Diaphragmatic

kinetics, on the contrary, and the measurement of the mean

inspiratory velocity have been shown to decrease significantly

post induced muscle fatigue (5). We should note that although

there is strong pathophysiological evidence in adults and

neonates that diaphragmatic fatigue would manifest with

impaired kinetics and reduced inspiratory velocity (10, 20), the

mean inspiratory velocity per se is not a validated measure of

respiratory muscle function in neonatal care nor are there

reference values of the mean inspiratory velocity in newborn

infants. Our study has highlighted the potential utility of this

index but further and larger studies in different populations

should be performed, including analyses of intra and inter-

observer correlation, before this index could be clinically applied

in everyday neonatal care.

In our study diaphragmatic thickness was not different in

infants with PDA compared to the ones without PDA. Previous

studies have reported that the diaphragmatic thickness was

higher in preterm infants that were successfully extubated from

invasive support compared to infants who failed to wean off

invasive support (21) and lower in infants with

bronchopulmonary dysplasia compared with healthy, age-

matched controls (22). This discrepancy might be explained by

population and methodological differences.

We should acknowledge as a limitation the limited size of our

cohort and the observative nature of our study. There was,

however, a clear separation of the values of the mean inspiratory

velocity in infants with a PDA compared to the ones without a

PDA, which implies that our sample was sufficient to elucidate

this key difference. We could not infer from our study whether

PDA was causative of impaired diaphragmatic kinetics as it was

an observation cohort study. The next line of research might

thus be a randomised study where infants with PDA are assigned

to extubation after either diaphragmatic assessment or clinical

decision alone, and evaluate the predictive ability of ultrasound

to differentiate successful extubation. We did not assess in our

study other factors that might influence respiratory muscle

function in the newborn such as systemic or respiratory infection

(23, 24) or respiratory mechanics (25). The diagnosis of
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where unwell and premature infants with multiple comorbidities

often receive broad spectrum antibiotics, while the incidence of

true culture-positive sepsis is below one percent (26).

Furthermore, respiratory mechanics would be distorted by

hyperinflation in the chronic phase of the lung disease (25) and

our population was studied earlier, at a median age of 18 days.

Although in our cohort the gestational age in infants with PDA

was lower compared to infants without PDA, the linear

regression of gestational age and the VI was not statistically

significant (p = 0.074) probably due to a limited sample size. We

have not included in our study results, the precise values of the

level of invasive respiratory support but our preferred mode of

ventilation was volume-targeted with a constant positive end

expiratory pressure which would have mitigated excesses of over

or under-ventilation.

In conclusion, we demonstrated that haemodynamically

significant patent ductus arteriosus was associated with lower

diaphragmatic inspiratory velocity and a possible negative effect

on diaphragmatic performance This finding might partially

explain the affected infants’ inability to successfully wean off

invasive respiratory support.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

Ethical review and approval was not required for the study on

human participants in accordance with the local legislation and

institutional requirements. Written informed consent from the

participants’ legal guardian/next of kin was not required to

participate in this study in accordance with the national

legislation and the institutional requirements.
Author contributions

TD: conceived the study, contributed to data analysis and wrote

the first version of the manuscript, FMSAT: acquired the

demographic, echocardiographic and ultrasonographic data, MN:

performed the echocardiograms and diaphragmatic assessments,

EW: contributed to study design and critically appraised the

manuscript, AJB: reviewed the echocardiograms and critically

appraised the manuscript AG: contributed to study design and

critically appraised the manuscript.
Funding

This project was partially funded by King’s College London

2018 Medical Research Council Confidence in Concept Award
frontiersin.org

https://doi.org/10.3389/fped.2023.1123939
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Dassios et al. 10.3389/fped.2023.1123939
through the King’s Health Partners’ Research and Development

Challenge Fund.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Frontiers in Pediatrics 06
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Cowan E, Meinen RD, Lasarev MR, Al-Subu A, Bauer AS. Implementing point of
care ultrasound in the neonatal intensive care unit: a safety study. J Perinatol. (2021)
41(4):879–84. doi: 10.1038/s41372-021-00955-5

2. Matamis D, Soilemezi E, Tsagourias M, Akoumianaki E, Dimassi S, Boroli F, et al.
Sonographic evaluation of the diaphragm in critically ill patients. Technique and clinical
applications. Intensive Care Med. (2013) 39(5):801–10. doi: 10.1007/s00134-013-2823-1

3. Dassios T, Vervenioti A, Dimitriou G. Respiratory muscle function in the
newborn: a narrative review. Pediatr Res. (2022) 91:795–803. doi: 10.1038/s41390-
021-01529-z

4. Alonso-Ojembarrena A, Ruiz-Gonzalez E, Estepa-Pedregosa L, Armenteros-
Lopez AI, Segado-Arenas A, Lubian-Lopez SP. Reproducibility and reference values
of diaphragmatic shortening fraction for term and premature infants. Pediatr
Pulmonol. (2020) 55(8):1963–8. doi: 10.1002/ppul.24866

5. Kocis KC, Radell PJ, Sternberger WI, Benson JE, Traystman RJ, Nichols DG.
Ultrasound evaluation of piglet diaphragm function before and after fatigue. J Appl
Physiol. (1997) 83(5):1654–9. doi: 10.1152/jappl.1997.83.5.1654

6. Sellmer A, Bjerre JV, Schmidt MR, McNamara PJ, Hjortdal VE, Host B, et al.
Morbidity and mortality in preterm neonates with patent ductus arteriosus on day
3. Arch Dis Child Fetal Neonatal Ed. (2013) 98(6):F505–10. doi: 10.1136/
archdischild-2013-303816

7. Masry A, Nimeri N, Koobar O, Hammoudeh S, Chandra P, Elmalik EE, et al.
Reintubation rates after extubation to different non-invasive ventilation modes in
preterm infants. BMC Pediatr. (2021) 21(1):281. doi: 10.1186/s12887-021-02760-7

8. Spiesshoefer J, Boentert M, Tuleta I, Giannoni A, Langer D, Kabitz HJ.
Diaphragm involvement in heart failure: mere consequence of hypoperfusion or
mediated by HF-related pro-inflammatory cytokine storms? Front Physiol. (2019)
10:1335. doi: 10.3389/fphys.2019.01335

9. Wright CM, Booth IW, Buckler JM, Cameron N, Cole TJ, Healy MJ, et al. Growth
reference charts for use in the United Kingdom. Arch Dis Child. (2002) 86(1):11–4.
doi: 10.1136/adc.86.1.11

10. El-Khuffash A, Levy PT, Gorenflo M, Frantz ID 3rd. The definition of a
hemodynamically significant ductus arteriosus. Pediatr Res. (2019) 85(6):740–1.
doi: 10.1038/s41390-019-0342-7

11. Torre-Amione G, Kapadia S, Benedict C, Oral H, Young JB, Mann DL.
Proinflammatory cytokine levels in patients with depressed left ventricular ejection
fraction: a report from the studies of left ventricular dysfunction (SOLVD). J Am
Coll Cardiol. (1996) 27(5):1201–6. doi: 10.1016/0735-1097(95)00589-7

12. MacGowan GA, Mann DL, Kormos RL, Feldman AM, Murali S. Circulating
interleukin-6 in severe heart failure. Am J Cardiol. (1997) 79(8):1128–31. doi: 10.
1016/s0002-9149(96)00063-x

13. Van Tassell BW, Arena RA, Toldo S, Mezzaroma E, Azam T, Seropian IM, et al.
Enhanced interleukin-1 activity contributes to exercise intolerance in patients with
systolic heart failure. PloS one. (2012) 7(3):e33438. doi: 10.1371/journal.pone.0033438
14. Mancini DM, Henson D, LaManca J, Levine S. Respiratory muscle function and
dyspnea in patients with chronic congestive heart failure. Circulation. (1992) 86
(3):909–18. doi: 10.1161/01.cir.86.3.909

15. Hughes PD, Polkey MI, Harrus ML, Coats AJ, Moxham J, Green M. Diaphragm
strength in chronic heart failure. Am J Respir Crit Care Med. (1999) 160(2):529–34.
doi: 10.1164/ajrccm.160.2.9810081

16. Howell S, Maarek JM, Fournier M, Sullivan K, Zhan WZ, Sieck GC. Congestive
heart failure: differential adaptation of the diaphragm and latissimus dorsi. J Appl
Physiol. (1995) 79(2):389–97. doi: 10.1152/jappl.1995.79.2.389

17. Gosselin LE, Barkley JE, Spencer MJ, McCormick KM, Farkas GA. Ventilatory
dysfunction in mdx mice: impact of tumor necrosis factor-alpha deletion. Muscle
Nerve. (2003) 28(3):336–43. doi: 10.1002/mus.10431

18. Janssen SP, Gayan-Ramirez G, Van den Bergh A, Herijgers P, Maes K,
Verbeken E, et al. Interleukin-6 causes myocardial failure and skeletal
muscle atrophy in rats. Circulation. (2005) 111(8):996–1005. doi: 10.1161/01.CIR.
0000156469.96135.0D

19. ATS/ERS statement on respiratory muscle testing. Am J Respir Crit Care Med.
(2002) 166(4):518–624. doi: 10.1164/rccm.166.4.518

20. Dassios T, Kaltsogianni O, Greenough A. Relaxation rate of the respiratory
muscles and prediction of extubation outcome in prematurely born infants.
Neonatology. (2017) 112(3):251–7. doi: 10.1159/000477233

21. Bahgat E, El-Halaby H, Abdelrahman A, Nasef N, Abdel-Hady H. Sonographic
evaluation of diaphragmatic thickness and excursion as a predictor for successful
extubation in mechanically ventilated preterm infants. Eur J Pediatr. (2021)
180:899–908. doi: 10.1007/s00431-020-03805-2

22. Yeung T, Mohsen N, Ghanem M, Ibrahim J, Shah J, Kajal D, et al.
Diaphragmatic thickness and excursion in preterm infants with bronchopulmonary
dysplasia compared with term or near term infants: a prospective observational
study. Chest. (2023) 163(2):324–31. doi: 10.1016/j.chest.2022.08.003

23. Dassios TG, Katelari A, Doudounakis S, Dimitriou G. Chronic Pseudomonas
aeruginosa infection and respiratory muscle impairment in cystic fibrosis. Respir
Care. (2014) 59(3):363–70. doi: 10.4187/respcare.02549

24. Dassios T, Kaltsogianni O, Dixon P, Greenough A. Effect of maturity and
infection on the rate of relaxation of the respiratory muscles in ventilated, newborn
infants. Acta Paediatr. (2018) 107(4):587–92. doi: 10.1111/apa.14188

25. Hutten GJ, van Eykern LA, Latzin P, Thamrin C, van Aalderen WM, Frey U.
Respiratory muscle activity related to flow and lung volume in preterm infants
compared with term infants. Pediatr Res. (2010) 68(4):339–43. doi: 10.1203/PDR.
0b013e3181eeeaf4

26. Cailes B, Kortsalioudaki C, Buttery J, Pattnayak S, Greenough A, Matthes J, et al.
Epidemiology of UK neonatal infections: the neonIN infection surveillance network.
Arch Dis Child Fetal Neonatal Ed. (2018) 103(6):F547–F53. doi: 10.1136/
archdischild-2017-313203
frontiersin.org

https://doi.org/10.1038/s41372-021-00955-5
https://doi.org/10.1007/s00134-013-2823-1
https://doi.org/10.1038/s41390-021-01529-z
https://doi.org/10.1038/s41390-021-01529-z
https://doi.org/10.1002/ppul.24866
https://doi.org/10.1152/jappl.1997.83.5.1654
https://doi.org/10.1136/archdischild-2013-303816
https://doi.org/10.1136/archdischild-2013-303816
https://doi.org/10.1186/s12887-021-02760-7
https://doi.org/10.3389/fphys.2019.01335
https://doi.org/10.1136/adc.86.1.11
https://doi.org/10.1038/s41390-019-0342-7
https://doi.org/10.1016/0735-1097(95)00589-7
https://doi.org/10.1016/s0002-9149(96)00063-x
https://doi.org/10.1016/s0002-9149(96)00063-x
https://doi.org/10.1371/journal.pone.0033438
https://doi.org/10.1161/01.cir.86.3.909
https://doi.org/10.1164/ajrccm.160.2.9810081
https://doi.org/10.1152/jappl.1995.79.2.389
https://doi.org/10.1002/mus.10431
https://doi.org/10.1161/01.CIR.0000156469.96135.0D
https://doi.org/10.1161/01.CIR.0000156469.96135.0D
https://doi.org/10.1164/rccm.166.4.518
https://doi.org/10.1159/000477233
https://doi.org/10.1007/s00431-020-03805-2
https://doi.org/10.1016/j.chest.2022.08.003
https://doi.org/10.4187/respcare.02549
https://doi.org/10.1111/apa.14188
https://doi.org/10.1203/PDR.0b013e3181eeeaf4
https://doi.org/10.1203/PDR.0b013e3181eeeaf4
https://doi.org/10.1136/archdischild-2017-313203
https://doi.org/10.1136/archdischild-2017-313203
https://doi.org/10.3389/fped.2023.1123939
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Diaphragmatic ultrasound and patent ductus arteriosus in the newborn: A retrospective case series
	Introduction
	Materials and methods
	Subjects
	Patent ductus arteriosus
	Diaphragmatic assessment
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


