
REPLY

Reply to the correspondence letter by Alonso-Ojembarrena,
Almudena and Oulego-Erroz, Ignacio: How to improve precision
and reliability of diaphragm ultrasonographic measurements
in newborns

Hesham Abdel-Hady1,2 & Eslam Bahgat1 & Hanan El-Halaby2 & Ashraf Abdelrahman3
& Nehad Nasef1,2

Received: 5 November 2020 /Revised: 5 November 2020 /Accepted: 9 November 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Dear Editor,
We would like to thank Dr. Alonso-Ojembarrena,
Almudena and Dr. Oulego-Erroz, Ignacio for their inter-
est in our paper and for their very valuable comments
on the methodology. In regard to sonographic assess-
ment; we agree with Dr. Alonso-Ojembarrena and Dr.
Oulego-Erroz that appositional view is more accurate in
measuring diaphragmatic thickness and diaphragmatic
thickening fraction (DTF) compared to the subcostal
view. However, the main difference between our study
and the previous studies on preterm infants which were
cited by Dr. Alonso-Ojembarrena and Dr. Oulego-Erroz
in their letter [1–3] is that all previous studies were
done on stable infants who were not mechanically ven-
tilated or exposed to positive pressure ventilation com-
pared to our cohort of preterm infants who were all
mechanically ventilated. As we previously mentioned
in our manuscript, mechanical ventilation triggers
ventilator-induced diaphragmatic dysfunction (VIDD)
through myofibrillar contractile dysfunction and myofil-
ament protein loss of the diaphragmatic muscles which
later results in loss of diaphragmatic thickness, force-
generating capacity, poor activity, and unloading of the

diaphragm [4]. In animal models, exposure to positive
pressure ventilation was associated with more reduction
in the mass of the crural diaphragm, with a decrease of
∼ 20%, compared to the mass of the costal diaphragm
which were reduced by 14% [5]. Since appositional
view assesses mainly the costal part of diaphragm, it
represents the least exposed part to positive pressure
ventilation and very likely that this part does not repre-
sent the area of maximum effect of positive pressure
ventilation on induction of VIDD. Because we were
interested in studying VIDD, as a predictor for failed or
successful extubation, we used the B-mode in subcostal view
to explore each hemidiaphragm and assess the most moving
part of the diaphragm after which M-mode ultrasonography
was screened at the most moving point. It would be of interest
to further explore this point in future researches by comparing
the reliability of different sonographic approaches in terms of
assessing VIDD.

In regard to the statistical comments, all our sono-
graphic assessment were done by a single radiologist,
and we conducted an intra-observer reproducibility for
ten clinically stable preterm infants, age and sex cross-
matched with the studied group, who were randomly
selected for this purpose. We agree with Dr. Alonso-
Ojembarrena and Dr. Oulego-Erroz that Bland-Altman
plots were inappropriately used in our study and that
intraclass correlation coefficient (ICC) was a better
method for assessment of intra-observer reliability.
However, Pearson’s correlation coefficient has been pre-
viously used and shown a good correlation for paired
parameters used for intra-observer reliability in echocar-
diography studies [6].

We conducted a repeated measurement for intra-observer
reliability using ICC, which is represented in Table 1, and it
has shown a significant correlation.
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Table 1 Intraclass correlation
coefficient for intra-rater
reliability of sonographic
diaphragmatic parameters

Characteristics Intraclass
correlation

95% CI p value

Inspiratory thickness of the right hemidiaphragm (mm) 0.76 0.23–0.93 0.001

Expiratory thickness of the right hemidiaphragm (mm) 0.89 0.65–0.97 0.000

Excursion of the right hemidiaphragm (mm) 0.65 0.09–0.91 0.016

Inspiratory thickness of the left hemidiaphragm (mm) 0.87 0.58–0.96 0.000

Expiratory thickness of the left hemidiaphragm (mm) 0.79 0.17–0.95 0.01

Excursion of the left hemidiaphragm (mm) 0.75 0.30–0.93 0.003

Diaphragm thickening fraction (DTF) of the right hemidiaphragm (%) 0.90 0.65–0.97 0.000

Diaphragm thickening fraction (DTF) of the left hemidiaphragm (%) 0.91 0.66–0.96 0.000
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