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Objective: To assess the predictive value of diaphragmatic ultrasound for
successful weaning from mechanical ventilation.

Methodology: This cross-sectional validation study was conducted in the ICU at
PIMS from November 2023 to April 2024, on mechanically ventilated patients
aged 16-60 years with a pre-illness frailty score of <3 who met weaning criteria.
After a successful 1-hour spontaneous breathing trial (SBT), the Rapid Shallow
Breathing Index (RSBI) was recorded, and diaphragm ultrasound was performed
by an independent anesthetist to measure diaphragmatic excursion (DE) and
diaphragm thickening fraction (DTF). Ultrasound assessments were done using
curvilinear and linear probes in a semi-recumbent position. Maintaining the
spontaneous breathing for 48 hours post-extubation was defined as successful
weaning, while failure was defined as needing re-intubation within 48 hours.
Data were analyzed using SPSS version 26.

Results: Overall average age of patients was 37.82 years. There were 19 (28.8%)
females and 47(71.2%) males. Mean days on mechanical ventilator was 5.48
days. The outcomes of weaning showed that 59 participants (89.4%) were
successfully weaned, while 7 participants (10.6%) experienced failure in the
weaning process. Further analysis of outcomes of weaning showed insignificant
association with the gender and (P>0.05).

Conclusion: Diaphragmatic ultrasound provided a comprehensive assessment of
diaphragmatic function and its role in predicting weaning outcomes. The high
success rate suggests that diaphragmatic ultrasound could be a valuable tool in
clinical practice for identifying patients who are likely to be successfully weaned
from mechanical ventilation, thereby improving patient management and
outcomes.
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RSBI.
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Introduction

(ICUAW), oxygen toxicity, nosocomial pneumonia, and
ventilator-induced  diaphragm  dysfunction (VIDD),

Mechanical ventilation (MV), a life-sustaining assistance
provided in intensive care units (ICUs), is an important
supportive care procedure for respiratory failure, and is
required in around 40% of patients admitted to ICUs.!
However, if mechanical ventilation (MV) is provided for
a longer period of time, can lead to a higher risk of
several complications, such as ventilator-induced lung
injury (VILI), intensive care unit-acquired weakness

leading to prolonged hospitalization and high mortality
rates.> These threatening complications necessitate
comprehensive assessment of patients, with promptly
determining the optimal point of weaning to minimize
failure risk of weaning.®*

Diaphragmatic dysfunction and respiratory muscle are
among the significant contributors to MV-associated
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unsuccessful weaning, despite other factors including
impairment of pulmonary and respiratory airway, cardiac
insufficiency, and cerebral dysfunction.® Thus, successful
weaning can be achieved through constant monitoring for
diaphragmatic functions and preemptive administration
of underlying medical conditions.

Diaphragmatic ultrasonography has been extensively
studied in predicting successful weaning from MV. A
recent systematic review and meta-analysis conducted by
Parada-Gereda et al.® concluded that diaphragmatic
ultrasound can predict success of weaning from MV
through measuring the diaphragmatic thickening fraction
and diaphragmatic excursion, with acceptable diagnostic
accuracy. Diaphragmatic ultrasound was reported to have
specificity 80% and sensitivity 80% for diaphragmatic
excursion, and sensitivity 85% and specificity 75% for
thickening fraction, with heterogeneous findings
observed in included studies. Another recent study
conducted by Al-Husinat et al.” concluded that
ultrasonography is a non-invasive and readily available
imaging modality, and a promising bedside-accessible
method for weaning assessment. This integration can
possibly lowering the likelihood of weaning failure and
its related complications in critically ill patients.

Diaphragmatic ultrasonography in elderly populations,
where decline in pulmonary functions is prevalent, is
particularly promising.® According to a study by Li et al.®
concluded that in assessing the risk of negative outcomes
can be improved by bedside ultrasonography monitoring
the DTF and DE and it can predict the success rate of
weaning in critically ill elderly patients on mechanical
ventilation in ICU, with highest specificity and sensitivity
found for DTF.°

Moreover, advanced ultrasonographic techniques have
also been investigated for their potential in enhancing
weaning predictions. Such as, in the study by Li et al.*
found that despite feasible application of speckle tracking
ultrasound in assessing diaphragmatic function among
patients on mechanical ventilation, combining speckle
tracking ultrasound with traditional measures like
diaphragmatic excursion improved the accuracy of
predicting weaning outcomes.

Standardizing of ultrasonographic assessment protocols
and establishing universally accepted cutoff values for
diaphragmatic parameters is still challenging irrespective
of advancements in assessing diaphragmatic function.
Inconsistent  findings and variable measurement
techniques necessitate further research to validate the

application of diaphragmatic ultrasonography in diverse
clinical settings. This study was therefore intended to
assess bedside diaphragmatic ultrasonography as a
predictor of successful weaning from mechanical
ventilation.

Methodology

This cross-sectional validation study was conducted over
six months in the adult Intensive Care Unit (ICU) of
Pakistan Institute of Medical Sciences (PIMS),
Islamabad, after obtaining ethical approval from the
hospital's Institutional Review Board Ref No F.3-
1/2023(ERRB)/Chairman. Study was conducted during
six months from November 2023 to April 2024. All the
patients aged 16 to 60 years, with a pre-illness frailty
score of less than 3, who were on mechanical ventilation
for more than 24 hours and fulfilled standard weaning
criteria were included. These criteria included successful
completion of a 1-hour spontaneous breathing trial
(SBT), stable hemodynamics without inotropic support, a
GCS score of 10T/15, effective cough, and satisfactory
respiratory values (FiO2 < 0.5, PEEP < 5 cmH-0, PaO, >
60 mmHg, PaCO; < 50 mmHg, P/F ratio > 200, and
respiratory rate < 30). Patients with neuromuscular
disorders (e.g., myasthenia gravis, Guillain-Barré
syndrome), diaphragmatic palsy, prior thoracic surgery,
ascites, pregnancy, or major burns were excluded. A
sample of 65 patients was selected based on a calculated
sample size, using a confidence level of 95%, alpha of
5%, beta of 20%, and anticipated sensitivity and
specificity of diaphragmatic excursion (DE > 1.2 cm) at
94.1% and 82.6%, respectively, with a desired precision
of 10%. Informed consent was obtained from all eligible
patients or their legal guardians after providing a clear
explanation of the study purpose. Only those patients
who met the predefined inclusion criteria and voluntarily
agreed to participate were enrolled in the study.
Confidentiality of patient data was maintained throughout
the research process.

This was an observer-blinded study, where the intensivist
responsible for making weaning decisions was blinded to
both the Rapid Shallow Breathing Index (RSBI) and
diaphragm ultrasound findings. RSBI was calculated by
the bedside nurse after the patient successfully completed
the SBT, and the values were recorded but not shared
with the treating team. Diaphragm ultrasound was then
performed by a single independent anesthetist with more
than 10 years of ultrasound experience. Patients were
positioned in a semi-recumbent posture at a 45° head-up
angle. A 3-5 MHz curvilinear probe was placed in the
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right subcostal margin in B-mode to visualize the dome
of the diaphragm. Patients were instructed to take a deep
breath in and then exhale fully. DE was measured in M-
mode by recording the maximum displacement from
baseline in centimeters. DTF was assessed using a 7 MHz
linear probe placed between the anterior and mid-axillary
lines at the 8th or 9th intercostal space on the right side to
visualize the zone of apposition. Diaphragm thickness at
full inspiration (TDmax) and expiration (TDmin) was
recorded in M-mode, and DTF was calculated using the
formula: DTF = [(TDmax — TDmin)/TDmin] x 100,
expressed as a percentage. Weaning was defined as
successful if the patient remained off mechanical
ventilation for at least 48 hours post-extubation, while
weaning failure was defined as the need for reintubation
or ventilator support within 48 hours. All data were
entered and analyzed using SPSS version 26. Patients
were grouped into successful and failed weaning
categories for comparative analysis of diaphragm
ultrasound indices.

Results

A total of 66 patients were studied in the study, with male
gender predominance 47 (71.2%) and 19 (28.8%) were
females. Overall mean age of the participants was 37.81
+ 14.70 years and majority of the patients (59.1%) were

Out of all patients, 59 (89.4%) were successfully weaned
from mechanical ventilation, while 7 (10.6%)
experienced weaning failure, indicating a high overall
success rate of weaning in the study population. (Figure
1

Average duration of mechanical ventilation was slightly
longer in the failure group 6.33 + 2.58 days compared to
the success group 5.37 £ 3.35 days (p = 0.499).
Additionally, the maximum and minimum diaphragm
thickness did not show significant differences between
the two groups (p = 0.407 and p = 0.317, respectively).
While significant differences were observed in key
predictive parameters like patients with successful
weaning had a significantly higher DTF (52.34 + 8.24%)
compared to those who failed (34.83 + 3.43%, p = 0.001).
Similarly, diaphragmatic excursion (DE) was greater in
the success group (1.62 + 0.26 cm) than in the failure
group (0.84 + 0.13 cm, p = 0.001). Furthermore, the
RSBI was significantly lower in successfully weaned
patients (62.46 + 4.28) compared to those who failed
(84.83 + 6.37, p = 0.001). Overall findings suggest that
DTF, diaphragmatic excursion, and RSBI are strong
predictors of successful weaning from mechanical
ventilation as shown in Table |1

Outcomes of weaning

in the 20-40 years age group as showed in Table I. 100% 89.40%
Table I: Descriptive statistics for age and gender. (n=66) 80%
Variables N %
Gender 60%
Females 19 28.8
Males 47 71.2 40%
Total 66 100.0
Age groups 20% 10.60%
20-40 years 39 59.1
41-60 years 20 30.3 0% E
>60 years 7 10.6 Successful Failure
Total 66 100.0
Mean = SD 37.81% 14.70 years Figure 1. Outcomes of weaning. (n=66)
Table 11: Bedside diaphragmatic US predictor for weaning outcomes. (n=66)
Bedside diaphragmatic US Features Qutcome N Mean Std. Deviation p-value
Duration of ventilation success 59 5.37 3.352 0.499
Failure 6 6.33 2.582 '
Maximum thickness of the diaphragm Success 59 40 0.059 0.407
(mm) Failure 6 .38 0.048 '
Minimum thickness of the diaphragm success 59 .26 0.042 0317
(mm) Failure 6 .28 0.037 '
Diaphragmatic thickening fraction success 59 52.34 8.243 0.001
(%) Failure 6 34.83 3.430 '
Diaphragmatic excursion (cm) Success 59 1.62 0.256 0.001
Failure 6 .84 0.132 '
RSBI (breaths/min/L) Success 59 62.46 4.276
Failure 6 84.83 6.369 0.001
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However, the weaning outcomes showed no significant
link with age and the gender (p=>0.05). (Table 1)

Table I11: Weaning outcome according to age and gender.
(n=66)

Qutcome of Weaning

Variables Failure Successful Total p-value
Age group
6 33 39
20-40 years 9.1% 50.0% 50.1%
1 19 20
41-60 years 15% 28.8% 30.3% 0.289
>60 years 0 ! !
Y 0.0% 10.6% 10.6%
Gender
Female 2 17 19
3.0% 25.8% 28.8% 0.898
Male 5 42 47 '
7.6% 63.6% 71.2%
Discussion

Delayed weaning from MV is frequently associated with
increased risk for deaths among patients admitted in ICUs
and MV-associated serious complications.'**? Therefore,
accurate assessment of weaning outcomes in patients on
ventilator in ICU is of paramount importance in clinical
settings to improve survival outcomes.’® This study
assessed the role of bedside diaphragmatic
ultrasonography as a predictor of successful weaning
from mechanical ventilation. A total of 66 patients were
included in the study, with male gender predominance 47
(71.2%) and 19 (28.8%) were females. Overall mean age
of the participants was 37.81 = 14.70 years and majority
of the patients (59.1%) were in the 20-40 years age
group. The demographic findings of our study are
partially supported by the published literature, as most
studies included elderly population and male gender
only.1415

In our cohort, 59 patients (89.4%) were successfully
weaned from mechanical ventilation, while only 7
patients (10.6%) experienced weaning failure, indicating
a high overall success rate within the study population. In
comparison, Pham et al.’® reported a lower weaning
success rate of 65% at 90 days, with a higher weaning
failure rate of 15.6%. They attributed weaning failure to
delayed initiation of the weaning process and elevated
sedation scores. Similarly, Cohen et al.” observed a
weaning success rate of just 19% among patients who
were functionally independent prior to ventilation. In
another study by Bonnici et al.,’® the weaning success
rate was also 19% among 348 patients, with a notably
high in-hospital mortality rate of 60%. These findings

highlight the variability in weaning outcomes across
different settings and patient populations, possibly
influenced by factors such as timing of weaning, patient
selection, and clinical management strategies.

In our study, the average duration of mechanical
ventilation was slightly longer in the weaning failure
group (6.33 +2.58 days) compared to the success group
(5.37+£3.35 days), although the difference was not
statistically significant (p = 0.499). These findings are
consistent with the study by Lin et al.,'® who reported that
patients in the weaning failure group had a significantly
longer duration of mechanical ventilation (31.7+26.2
days) compared to those who were successfully weaned
(11.2+11.6 days), with a p-value < 0.001. Consistently,
study by Vieira et al.?% found that patients who failed
weaning had significantly longer ICU stays (19+ 14
days) compared to those who succeeded (13 +12 days),
(p= 0.001. These findings suggest a potential association
between prolonged mechanical ventilation and weaning
failure, as extended ICU stays are often linked to
increased duration of ventilatory support.?

In this study, there were no significant differences in
maximum and minimum diaphragm thickness between
the successful and failed weaning groups (p = 0.407 and
p = 0.317, respectively), while significant differences
were observed in key predictive parameters. Patients who
were successfully weaned had a significantly higher DTF
(52.34 £ 8.24%) compared to those who failed weaning
(34.83+£3.43%, p = 0.001). Similarly, DE was notably
greater in the success group (1.62+0.26 c¢cm) than in the
failure group (0.84+0.13 c¢cm, p = 0.001). The Rapid
Shallow Breathing Index (RSBI) also showed a
significant difference, being lower in the success group
(62.46+£4.28) compared to the failure group
(84.83+6.37, p = 0.001). These findings suggest that
DTF, DE, and RSBI are strong and reliable predictors of
successful weaning from mechanical ventilation. In
alignment to this study, Parada-Gereda et al.® reported
that DTF had a sensitivity of 85% and specificity of 75%
in predicting weaning success, with an area under the
ROC curve of 0.87, indicating good diagnostic accuracy.
Consistently, Hayat et al.?? found that a diaphragmatic
excursion of >1.2cm was associated with successful
weaning, showing a sensitivity of 78.95% and specificity
of 70.83%.

In line with our findings on RSBI, a recent study by
Swamy et al.® reported that an RSBI cutoff of 90
breaths/min/L demonstrated a sensitivity of 93.33% and a
specificity of 100% for predicting successful weaning.

Ann Pak Inst Med Sci

July-Sept 2025 Vol. 21 No. 3 518



Bedside Diaphragmatic Ultrasonography as a Predictor of Successful Weaning From Mechanical Ventilation

These findings collectively reinforce the utility of
diaphragmatic ultrasound indices and RSBI as effective,
non-invasive tools for guiding weaning decisions in
mechanically ventilated patients. In our study, weaning
outcomes showed no significant association with age or
gender (p > 0.05). Similarly, Fradkin et al.>* found no
significant age differences between successfully and
unsuccessfully weaned groups. Supporting this, Ma et
al.?* observed that while male gender was independently
associated with higher hospital mortality among elderly
patients, age alone was not a standalone predictor of
successful weaning.

Conclusion

Bedside diaphragmatic ultrasonography, particularly
measurements of diaphragmatic thickening fraction and
excursion, observed to be as effective predictor of
successful weaning from mechanical ventilation, as these
parameters showed significant differences between
successful and failed weaning groups. Incorporating
diaphragmatic ultrasound into routine assessments may
improve weaning decisions and patient outcomes. Further
studies are recommended to confirm these findings and
standardize its clinical use.
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