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Abstract 

Background Weaning off mechanical ventilation (MV) is a critical step in pediatric ICU; however, it lacks standardized 
criteria. Diaphragmatic ultrasound parameters like diaphragm thickening fraction (DTF), diaphragmatic excursion (DE) 
and time to peak inspiratory amplitude (TPIA) can be used to assess diaphragmatic muscle strength and to predict 
weaning success.

Aim of study Is to assess the validity of diaphragmatic ultrasonography as a predictor of weaning outcome 
from mechanical ventilation in pediatric age group.

Methods Prospective cohort study including 30 pediatric patients aged 0–18 years on mechanical ventilation. 
Ultrasound measurements of diaphragmatic thickening fraction, diaphragmatic excursion and time to peak inspira‑
tory amplitude were taken during the spontaneous breathing trial (SBT) and compared between successful and failed 
weaning groups.

Results Out of the included 30 patients (50% male), 19 patients (63.3%) were successfully weaned. Mechanical 
ventilation duration was significantly longer in the failed weaning group (P = 0.017). There was significant difference 
between both groups regarding right DE (P = 0.032) and left DE (P = 0.022) with cutoff values of > 4.1 mm and > 5.5 
mm with AUC (Area under curve) of 0.737 and 0.831, respectively. There was no statistically significant difference 
between both groups regarding DTF or TPIA.

Conclusion We have found that DE is a predictor of weaning success, while DTF and diaphragmatic TPIA had no cor‑
relation with weaning outcome.

Keywords Diaphragmatic ultrasound, Pediatric intensive care units, Mechanical ventilation, Diaphragmatic excursion, 
Diaphragmatic thickening fraction

Background
Mechanical ventilation (MV) is widely used in pediatric 
intensive care units (PICU). About one-third of PICU 
patients need MV support. However, MV support is not 
the end of the treatment, and the goal is to help patients 
wean off MV support. Weaning is a crucial transition for 
every patient and its optimal timing can decrease the 
duration of MV and reduce complications [1].

In pediatric population, there is no defined standard for 
weaning, and no ideal ventilator settings that is agreed 
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upon to wean children in PICU [2]. Currently, weaning 
from MV is mainly a clinical judgment subjective deci-
sion, leading to extreme variations in weaning decisions 
and inevitable weaning failure [3].

Multiple factors must be present for successful wean-
ing, including hemodynamic stability and adequate venti-
lation/perfusion ratio of the patient in addition to ability 
to generate a strong cough, expectorate endotracheal 
secretions and generate a reliable ventilator pattern. All 
these factors are affected by decreasing lung aeration, 
alterations in pulmonary compliance and diaphragmatic 
dysfunction resulting from prolonged MV [4].

It has been established in adults that prolonged MV 
leads to ventilator-induced diaphragmatic dysfunction 
(VIDD) which is basically atrophy and dysfunction of the 
diaphragm, leading to MV-induced loss of diaphragmatic 
force-generating capacity contributing to a longer wean-
ing time and higher mortality [2, 5].

Ultrasound being portable, fast and safe as well provid-
ing real-time morphologic and functional information, 
can play an important role in assessing two crucial fac-
tors among those that influence weaning: the aeration of 
the pulmonary parenchyma and the diaphragmatic func-
tion, providing clues on the probability of weaning suc-
cess [4].

In adults, multiple studies have demonstrated the abil-
ity of diaphragmatic ultrasound to predict weaning suc-
cess, leading to better decisions in weaning patients from 
MV. Conversely, in pediatric population, there are few 
studies exploring the role of diaphragmatic ultrasound 
in weaning in PICU, leading to insufficient conclusions. 
Moreover, children and adults vary widely in their respir-
atory physiology and anatomical characteristics [1].

Diaphragmatic ultrasound assesses the diaphragmatic 
function and contractility by measuring the diaphragm 
thickening during inspiration which is called diaphrag-
matic thickening fraction (DTF) and correlates strongly 
with diaphragmatic strength [5]. Another parameter 
measured is the diaphragmatic excursion (DE), which 
represents the vertical distance moved by the diaphragm 
during the respiratory cycle and reflects the respiratory 
effort exerted by the patient [4].

Time to peak inspiratory amplitude (TPIA) is a newly 
proposed diaphragmatic ultrasound parameter which is 
the time from the beginning of diaphragmatic contrac-
tion to the maximal amplitude of diaphragmatic inspira-
tory excursion. It was shown that longer TPIA correlated 
with more successful weaning from MV, suggesting that 
TPIA could be a marker for diaphragmatic strength [6].

The aim of this study is to assess the validity of dia-
phragmatic ultrasonography as a predictor of weaning 
outcome from mechanical ventilation in pediatric age 
group.

Methods
After ethical committee approval, a prospective cohort 
study was carried at our pediatric intensive care unit 
(PICU) of the children Hospital of Ain Shams Univer-
sity, Cairo, Egypt, starting from July 2021 to June 2023.

Study population
We included patients < 18 years in our PICU with acute 
respiratory failure connected to invasive mechanical 
ventilation for more than 24 h and eligible for wean-
ing according to the following criteria: Reversal of the 
principal cause of mechanical ventilation,  PaO2 ≥ 60 
mmHg,  FiO2 ≤ 0.40, PEEP ≤ 5  cmH2O, ratio of  PaO2 
to  FiO2 ≥ 200, PH ≥ 7.30; RR ≤ 45/m, HR ≤ 140/min, 
RSBI ≤ 8 breaths/min/ml/kg body weight, minimal use 
of inotropic or vasopressor drugs, stable body hemody-
namics, adequate consciousness level, does not receive 
sedatives or neuromuscular blocking drugs, absence 
of hemorrhage or anemia and no electrolyte distur-
bance. We excluded patients having; chronic neuro-
muscular disorder, known congenital heart, lung, or 
pleural malformation, unilateral/bilateral absence of 
diaphragmatic mobility in ultrasound, cervical spinal 
cord injury, pneumothorax, pleural effusion, ascites 
and those undergone thoracic or esophageal surgeries 
needing diaphragmatic manipulation.

Sample size calculation
Based on data present in the literature in 2020 mainly the 
work of Xue et  al. [1] and Abdel Rahman et  al. [7] and 
expected rate of successful weaning = 60%, our study 
included a convenience sample of 30 patients.

Study procedures
Informed consent from the patients’ guardians was 
acquired. Detailed history and anthropometric meas-
urements were recorded. Once the patient is eligible for 
weaning, a spontaneous breathing trial (SBT) was com-
menced using low level of pressure support (5 cm  H2O). 
Diaphragm and lung ultrasound were performed during 
the SBT. Treating clinicians were blinded to the results of 
the lung ultrasound score and diaphragm measurements. 
If the patient is eligible for extubation, he was followed 
up for 48 h to record the need for assisted ventilation 
(Invasive or noninvasive) post-extubation, and accord-
ingly, patients were divided into two groups:

• Successful weaning group: Defined as successful 
extubation and no need for noninvasive ventilation 
(NIV) or reintubation within 48 h.
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• Failed weaning group: Failed SBT or when there is 
need for reintubation or NIV within 48 h.

Diaphragmatic ultrasound
All US measurements were performed using Samsung 
HM70A Ultrasound machine using the LA3-16AD 3–16 
MHz Linear Array Transducer and the CF4-9 4–9 MHz 
Microconvex Array Transducer with all the US exami-
nations done by a single trained radiologist to avoid any 
inter-observer variation. Patients were imaged in a semi-
recumbent position with the head of bed at a 30-degree 
angle. Measurements were made of the right and left 
hemidiaphragms and repeated in three different respira-
tory cycles and an average was taken. For each side, three 
measurements were taken: DTF, DE and TPIA.

DTF was calculated by the following equation: 
DTF = (Thickness at the end inspiration – thickness at 
the end expiration)/Thickness at the end expiration × 100. 
It was measured in B-mode by placing the linear ultra-
sound probe in the 8th or 9th intercostal space between 
the anterior and midaxillary line in a perpendicular 
position to the chest wall an area designated the zone of 
apposition. Thickness of the diaphragmatic muscle was 
measured from the central point of the pleural line to the 
central point of the peritoneal line during the termination 
of inspiration and the termination of expiration (Fig. 1).

DE and TPIA were measured in M-mode by placing the 
microconvex 4–9 MHz ultrasound probe either a subcos-
tally or intercostally in the mid-clavicular line, or in the 
right or left anterior axillary line. The liver or spleen was 
used as an acoustic window for each hemidiaphragm 
which appears as an echogenic line. The ultrasound probe 
was placed in the direction in which the ultrasound beam 
reaches the posterior third of the corresponding hemidi-
aphragm perpendicularly usually cranially, medially and 

dorsal. During inspiration, the normal diaphragm moves 
caudally toward the ultrasound transducer, which is 
recorded as an upward motion of the M-mode tracing 
and the reverse occurs during expiration.

DE is the vertical distance in millimeters between the 
highest and lowest peak points in the M-mode tracing 
while TPIA is the time from the beginning of diaphrag-
matic contraction to the maximal amplitude of diaphrag-
matic inspiratory excursion (Fig. 2).

Study outcome
Compare diaphragmatic ultrasound measurements (DTF, 
DE and TPIA) between successful and failure wean-
ing groups to assess their value in prediction of weaning 
outcome.

Statistical methods
The quantitative data were presented as mean, stand-
ard deviations and ranges when parametric and median, 
inter-quartile range (IQR) when data found nonpara-
metric. Qualitative variables were presented as number 
and percentages. The comparison between groups with 
qualitative data was done by using Chi-square test. The 
comparison between two independent groups with quan-
titative data and parametric distribution was done by 
using independent t test while with nonparametric distri-
bution was done using Mann–Whitney test.

Results
The study was conducted on 30 PICU patients. Nine-
teen patients (63.3%) were successfully weaned. Demo-
graphic, clinical and US data of our study is summarized 
in Table 1. We found no significant association between 
both groups in regard to their age, gender or BMI.

Clinically there was a statistically significant correlation 
between duration of ventilation and weaning outcome 

Fig. 1 Measuring diaphragmatic thickness to calculate DTF using linear array probe. A Measuring at end inspiration with lung visible in the image 
due to caudal displacement of the diaphragm. B Measuring at end expiration
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(P = 0.017) where successful weaning group had shorter 
duration of MV.

Regarding diaphragmatic US measurements, we 
were only able to visualize the left diaphragm using the 

microconvex probe to measure DE and TPIA in 17 patients 
(56.7%). We found statistically significant correlation 
between the right and left DE and the weaning outcome 
(P = 0.032 and 0.022, respectively). We found no statistically 

Fig. 2 Measuring right DE and diaphragmatic TPIA using microconvex probe in M‑Mode. Liver is providing excellent acoustic window

Table 1 Demographic, clinical and US measurements in successful and failed weaning groups

● Measurements only included 17 patients where the left diaphragm was visualized using the microconvex probe

*Statistical significance

Successful weaning (N = 19) Failed weaning (N = 11) P

Patient characteristics

 Male gender, n (%) 11 (57.9%) 4 (36.4%) 0.256

 Age, months, median (IQR) 45 (6.5 – 86.75) 21.5 (8 – 55.25) 0.377

 BMI, kg/m2, (mean ± SD) 17.10 ± 4.10 19.16 ± 4.06 0.085

Clinical data

 MV duration, days, median (IQR) 8 (6 – 10) 10 (9 – 20) 0.017*

Right diaphragm US measurements

 Right DE, mm, (mean ± SD) 7.00 ± 2.73 4.82 ± 2.21 0.032*

 Right DTF, %, (mean ± SD) 18.46 ± 6.62 17.18 ± 5.46 0.592

 Right TPIA, seconds, (mean ± SD) 0.46 ± 0.14 0.47 ± 0.22 0.893

Left diaphragm US measurements

 Left DE, mm, (mean ± SD)● 5.74 ± 1.78 3.77 ± 1.19 0.022*

 Left DTF, %, (mean ± SD) 27.87 ± 12.75 24.88 ± 5.06 0.466

 Left TPIA, seconds, (mean ± SD) ● 0.42 ± 0.09 0.36 ± 0.10 0.246
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significant correlation between right and left DTF or TPIA 
and weaning outcome.

ROC analysis of the right and left DE performance for 
the prediction of weaning failure or success was done 
(Table  2). The best cutoff value of excursion on the right 
side for predicting weaning success was ≥ 4.1 with an AUC 
of 0.737, the application of this threshold resulted in a sen-
sitivity of 84.2% and a specificity of 54.55%. The best cutoff 
value of excursion on the left side for predicting weaning 
success was ≥ 5.5 with an AUC of 0.831, the application of 
this threshold resulted in a sensitivity of 54.5% and a speci-
ficity of 100%.

Discussion
The feasibility of using diaphragmatic ultrasound indices 
in predicting the weaning success from MV in adults has 
been demonstrated in multiple studies [8, 9] and although 
US is extensively employed in PICUs for echocardiographic 
and lung assessments, its application for diaphragm stud-
ies within pediatric intensive care settings is relatively 
recent. At the start of this study, there was limited studies 
regarding this topic in the pediatric age group [1, 2, 7] with 
more yet conflicting data emerging during the study period 
[10–14]. In our study, we included 30 pediatric patients 
who underwent prolonged MV and assessed the feasibility 
of measuring three diaphragmatic ultrasound indices (DE, 
DTF and TPIA) as well as lung ultrasound score during 
SBT to predict MV weaning success.

Clinically our data showed similar results to what was 
presented in some of the previous studies where MV dura-
tion was significantly longer in the weaning failure group 
[1, 7, 11] with other studies showed no significant cor-
relation between MV duration and weaning success [10, 
12–14].

Regarding diaphragmatic US, DE was a significant pre-
dictor of weaning success in our study which agrees with 
most studies done in adults [9]. However, this is not the 
case in pediatric studies as only Abdel Rahman et  al. [7] 
found significant association between DE and weaning 
outcome albeit only in Infants’ age group, while Xue et al. 
[1] found no significant correlation. Our DE cutoff values 
were different values than those of Abdel Rahman et al. [7]. 
However, their right DE cutoff value was 6.5 mm ours was 
4.1 mm while their left DE cutoff value was 6.1 mm ours 
was 5.5 mm.

We did not find a significant correlation between DTF 
and weaning outcome. DTF significance in recent lit-
erature is controversial, while most adult studies con-
sensus that it is a significant predictor [9], a recent large 
multicenter study found no association between DTF 
and weaning outcome [15]. While in pediatric studies 
the disagreement increases, as four earlier studies have 
found significant association [1, 2, 7, 12] while another 
more recent four studies did not. [10, 11, 13, 14]. The dif-
ferences between the results of various studies could be 
attributed to multiple heterogenicities between them; 
first of which is the duration of the SBT and the exact 
time of acquiring the US measurement during it, where 
a longer SBT (As was imposed by our PICU team-up to 
12 h) enables the diaphragm to regain its function before 
extubation. SBT duration by Xue et al. [1] was 30 min, by 
Abdel Rahman et al. [7] was 30–120 min and by Duyn-
dam et al. [13] was 120 min, while the rest of the studies 
did not specify the exact duration of the SBT. Acquiring 
the US measurements at the end of a long SBT will lead 
to different measurements than acquiring it at the begin-
ning. The second heterogenicity is caused by the differ-
ence in measurement technique, where some studies 
measured in B-mode and others measured in M-mode. 
Most studies were measured from the mid-point of the 
pleural echogenic line to the mid-point of the perito-
neum echogenic line, while other studies were included 
only the hypoechoic muscle layer [1, 10]. The prevail-
ing agreement now suggests measuring only the muscle 
contained within the pleura and peritoneum, a perspec-
tive that was not available to us when we commenced our 
research. This is due to the biological activity of mem-
branes, where mechanical forces associated with venti-
lation could potentially trigger inflammation, leading to 
tissue remodeling and thickening. Such tissue remod-
eling may have contributed to fluctuations in the size 
and thickness of the diaphragm [13]. Differences in the 
patient posture, sedation protocol and SBT ventilator set-
tings are also a major source of heterogenicities between 
the studies.

It should be noted that all the studies that have found 
no significant association between DTF and weaning 
outcome have found significant association between MV 
and diaphragmatic atrophy as well as decrease in DTF, 
proving that VIDD is an entity that needs to be further 

Table 2 ROC analysis of Right and Left DE

Cutoff point AUC Sensitivity Specificity +PV −PV

Right DE  > 4.1 0.737 84.21 54.55 76.2 66.7

Left DE  > 5.5 0.831 54.55 100.00 100.0 58.3
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investigated in how to measure it and prevent it [10, 11, 
13, 14].

TPIA was a parameter proposed by Theerawit et al. [6] 
in adults and has found that longer TPIA correlated with 
successful weaning. It had also strong association with 
RSBI, suggesting that TPIA could be an indicator for dia-
phragmatic strength. However, in our study we found no 
association between TPIA and weaning outcome. This 
could be attributed to the difference in SBT protocol as 
well as anatomical or physiological differences between 
adult and children that impact respiratory mechanics and 
the fact that weaning failure may be secondary to pathol-
ogies other than VIDD.

We were only able to measure DE and TPIA in 56.7% 
(17 out of 30) of the left diaphragms using the microcon-
vex probe. This was due to inability to visualize the left 
diaphragm due to the smaller acoustic window offered by 
the spleen as compared to the liver on the right side and 
masking by intestinal gases. Nonetheless, we should state 
that we were able to visualize the left diaphragm motion 
in all patients by changing the probe position and plac-
ing it cranio-caudally in mid axillary or posterior axillary 
line, yet this will place the diaphragmatic motion at 90° to 
the US beam rendering M-mode ineffective in measuring 
the DE or TPIA. Most of the studies examined only the 
right diaphragm [1, 2, 10–14] depending on data from 
multiple previous studies, showing that there was sig-
nificant difference regarding both sides in their US meas-
urements [8]. Even so, we do recommend examining the 
left diaphragm in any available view primarily to exclude 
the absence of diaphragmatic motility or the presence of 
severe diaphragmatic dysfunction.

This study had multiple limitations. First of which is the 
smaller sample size that included all pediatric population. 
We do recommend further studies to include larger sam-
ple with stratification of pediatric population into infants, 
children and adolescent age groups. Secondly, we did not 
fix the time of US examination during our relatively long 
SBT which could have led to heterogeneous data. Finally, 
while diaphragm muscle strength is the focus of the cur-
rent study, it is worth noting that diaphragmatic endur-
ance also holds significance in the weaning from MV. 
Consequently, examining indicators like the diaphrag-
matic time-tension index alongside others could provide 
insights into how diaphragmatic endurance relates to the 
success of weaning.

Conclusion
We have found that DE is a predictor of weaning suc-
cess while DTF and diaphragmatic TPIA had no cor-
relation with weaning outcome. Further studies should 
be done using standardized weaning protocol and US 

examination time as well as investigate other measure-
ments assessing diaphragmatic endurance.
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