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Background: Timing is critical when determining if a patient can be successfully extubated.
The criteria for obtaining the optimal time for extubation are bare minimum and subject
to variability. There are not many studies that are done to use diaphragm function or
diaphragm thickness (Tdi) to have any role in extubation outcome as success or failure.
Aims and Objectives: The aims and objectives of the study are to apply diaphragmatic
ultrasound as a predictor of extubation to reduce morbidity and mortality in these patients.
Materials and Methods: This study was conducted as a prospective single-blind study among
patients admitted in post-anesthesia care unit and surgical intensive care unit, Department
of Anesthesiology at Trauma care Centre during the study period of June 2019-November
2021. The ultrasonographer was informed of the intensivist’s decision to start weaning.
Tdi is measured at end expiration and end inspiration. The percent change in Tdi between
end expiration and end inspiration (ATdi%) was calculated as (Tdi end inspiration—-Tdi end
expiration/Tdi end expiration) x 100. Results: Mean age was 46.2+15.2 years, ranging
from 18 to 66 years. Tdi was above 30 in 64% cases, whereas Tdi% at end of expiration
was above 0.17 cm in 62% cases. Weaning was successful in 78% cases whereas weaning
failed in 22% cases. Weaning success rate was significantly associated with higher Tdi at
end expiration (=0.17 cm) (P<0.05). Conclusions: Timely weaning off is very important.
Delayed weaning may lead to further infection and complications. Diaphragmatic ultrasound
plays a vital role in extubating the patient. Ultrasound-guided Tdi and diaphragm motion can
be used as a predictor for timely extubation. Diaphragmatic thickness reflects the strength
of diaphragm and hence would help us to estimate a successful extubation.
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INTRODUCTION

General anesthesia with endotracheal intubation and
intermittent positive pressure ventilation is one of the most
frequently performed practices in the field of anesthesia.
Endotracheal intubation (insertion of endotracheal tube
[ETT] into the trachea) and extubation (translaryngeal
removal of ETT) are a part of general anesthesia and both
are associated with hemodynamic responses. Endotracheal
extubation is associated with hemodynamic changes due to
reflex sympathetic discharge and cough caused by pharyngeal
and laryngeal stimulation. Increase in sympathetic-adrenal

activity results in tachycardia, hypertension, and arthythmias.'
This increase in heart rate and blood pressure are usually for a
short period of time and unpredictable. This response is more
detrimental to patients with systemic hypertension, coronary
artery disease, or cerebrovascular diseases. Therefore,
hemodynamic response to extubation has always been a
challenge to anesthesiologist and intensivist as weaning is
an important concern in intensive care unit (ICU). Thus, it
is important to extubate at the right time to prevent failed
weaning, increased hospital stay, and mortality. Patients who
have a history of difficult weaning and very long intubation
period have increased readmission rates in ICU.
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Timing is critical when determining if a patient can be
successfully extubated. Premature discontinuation of
ventilator may cause cardiovascular and respiratory distress
leading to CO, retention and hypoxemia with up to 25%
of patients requiring re-intubation and reinstitution
of ventilatory support.”* Similarly, unnecessary delay
in weaning from mechanical ventilation can also be
deleterious. Complications such as ventilator-associated
pneumonia and ventilator-induced diaphragm atrophy can
be seen even with short periods of mechanical ventilation
thereby prolonging the need for mechanical ventilation.®

Criteria available for determining the optimal timing of
extubation are limited. Subjective decisions are often
wrong, Stroetz and Hubmayt® found that clinical criteria to
extubate were often incorrect with the decision to extubate
being biased toward ventilator dependency. Measures such
as breathing frequency (respiratory rate), minute ventilation,
and negative inspiratory force have done little to improve
the timing of successful extubation.”” A more recent
parameter, i.c., rapid shallow breathing index that can be
defined as ratio of respiratory rate to tidal volume (Vt)
provides an idea to time the extubation with spontaneous
breathing trials but its value is limited when used to predict
successful extubation in pressure support trials.'""

Direct measures of diaphragm function for extubation have
notbeen extensively evaluated. Motion of the diaphragm dome
has been assessed using M-mode ultrasound'>"” and found
to be useful in predicting extubation outcomes;'*'> however,
imaging the dome does not directly visualize the diaphragm
muscle itself. Factors such as breath size, impedance of
neighboting structures, abdominal muscle compliance, rib cage,
abdominal muscle activity, and ascites affect regional and global
diaphragm motion of the tendinous dome of the diaphragm.'®
This drawback can be overcome by ultrasonography of the
diaphragm in the zone of apposition (ZAP) as this approach
allows for direct visualization of the diaphragm muscle and
assessment of its activity with minimal impedance." We
thus conducted this study to apply the above data to conclude
that the best possible approach was to manage these cases to
reduce morbidity and mortality in these patients.

Aims and objectives

To apply diaphragmatic ultrasound as a predictor of
extubation in order to reduce morbidity and mortality in
these patients.

MATERIALS AND METHODS

This study is conducted as a prospective single-blind
study among patients admitted in post-anesthesia care
unit (PACU) and surgical ICU (SICU), Department of
Anesthesiology at Trauma care Centre during the study
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period of June 2019-November 2021. All the patients with
a fraction of inspired oxygen of <50%, hemodynamically
stable patients in the absence of vasopressors, alert patients,
patients with no specific disease process other than the
presence of respiratory failure, patients on ventilator support
with tracheal intubation, and head injury patients who are
on ventilator support at PACU and SICU were included in
our study. Pregnant women on ventilator support, patients
whose age is <18 years, and patients with surgical dressings
over the right lower rib cage which can preclude ultrasound
examination were excluded from this study.

Sample size estimation

Sample size was determined considering sensitivity of
Tdi% as the main outcome measure. In a study conducted
by DiNino et al.,* sensitivity of Tdi% was 87%. Taking
the absolute precision of 10% and desired confidence
level of 95%, using the formula n=2’pq/d’ the sample
size was estimated to be 43. However, we included a total
of 50 patients.

Approval from the Institutional Ethics Committee was
sought. Permission was taken from the Head of the
Department of Anesthesiology. The purpose of the study
was explained to the study subjects/relatives. Informed
written consent in local language was taken before
enrollment for study. Subjects were recruited 6—24 h before
the first weaning trial.

The sonographer was notified of the intensivist’s decision to
start weaning, Diaphragm thickness (Tdi) is measured using
a 7—10 MHz linear ultrasound probe setin B mode (LOGIQ
Book, GE Healthcare, Waukesha, Wisconsin, USA). The
right hemidiaphragm was imaged at the ZAP and rib cage
in the mid-axillary line between the 8" and 10™ intercostal
spaces as previously described. All patients were studied
with the head of bed elevated between 20° and 40°.

The Tdi was measured at end expiration and end inspiration.
A flowmeter (Hamilton Flow Sensor H) was placed in the
ventilator circuit and flow was recorded simultaneously
with ultrasound images to confirm end expiration and end
inspiration on the ultrasound images. The percent change
in Tdi between end expiration and end inspiration (ATdi%)
is calculated as (Tdi end inspiration—Tdi end expiration/
Tdi end expiration) X100.

The intensivist was blinded to the ultrasound result and the
research team had no role in deciding about extubating the
patient. Tdi at end expiration has been shown to reflect
diaphragm strength in healthy individuals. A sufficiently
strong diaphragm would promote successful extubation,
therefore, we evaluated if Tdi end expiration itself can
be useful for determining extubation outcome. Since the

239



Uchila, et al.: Use of diaphragm ultrasound for extubation

diaphragm shortening contributes to Vt, we combined
ATdi% with parameters such as Vt and respiratory rate (f).

Statistical analysis

Data were entered in Microsoft Excel sheet and coded.
Analysis of data was done using a statistical software
Stata version 10.1 (2011). Descriptive statistics were
used to summarize quantitative variables with mean and
standard deviation. Frequency and percentage were used to
summarize qualitative or categorical variables. Chi-square
test was applied for categorical data. P<0.05 was considered
statistically significant.

RESULTS

In the present study, a total of 50 cases fulfilling the
inclusion criteria were enrolled. The mean age was
46.2115.2 years, ranging from 18 to 66 years. Majority of
patients were to 40 to 60 years of age (40%) and about 70%
of patients with head injury were males. Mean weight and
height were 65.08+11.2 kgand 162.4£8.7 cm, respectively.
About 40% patients with head injury had extradural
hemorrhage and 26% patients had subdural hemorrhage.
Mean duration of ventilation in our study population was
23.2419.9 h, and majority of patients received ventilation
for <24 h (62%) (Table 1).

Table 2 represents the mean weaning index among
the study population. Mean thickening fraction was
29.18%9.09. Mean Tdi at end of inspiration and expiration
was 1.03+0.27 and 0.80£0.39, respectively. Maximum
inspiratory flow was 0.9210.45.

In the present study, Tdi was above 30 in 64% cases,
whereas Tdi/f and TdixVt were>0.008 and >80 in 60%
and 62% cases, respectively. Tdi% at end of expiration was
above 0.17 cm in 62% cases (Table 3).

Figure 1 represents the final outcome. Out of 50 cases,
weaning was successful in 78% cases whereas weaning
failed in 22% cases.

In the present study, weaning success rate was significantly
associated with higher Tdi at end expiration (=0.17 cm).
However, weaning failure was noted in 8 out of 19 cases
with Tdi% at end expiration of <0.17 cm (P<0.05) (Table 4).

DISCUSSION

Following endotracheal intubation, the timing of extubation
is critical for determining successful weaning as premature
weaning as well as delay in weaning has been associated
with adverse consequences.*” Various methods have been
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Baseline variables Frequency (n=50) Percentage
Age (years)

18-25 6 12

25-40 11 22

40-60 20 40

>60 13 26
Sex

Male 35 70

Female 15 30
Anthropometry

Weight 65.08+11.2 kg

Height 162.4+8.7 cm
Diagnosis

EDH 20 40

SDH 13 26

Hemorrhagic contusion 6 12

Cerebral edema 11 22
Duration of ventilator

<24 h 31 62

>24 h 19 38

EDH: Extradural hemorrhage, SDH: Subdural hemorrhage

Index Mean Standard
deviation
Diaphragmatic thickening fraction 29.18 9.09
Diaphragm thickness at end of inspiration 1.03 0.27
Diaphragm thickness at end of expiration 0.80 0.39
Maximum inspiratory pressure 0.92 0.45

Tdi Frequency (n=50) Percentage
Tdi%
>30 32 64
<30 18 36
Tdi%/f
>0.008 30 60
<0.008 20 40
Tdi%/NVT
>80 31 62
<80 19 38
Tdi% at end expiration
>0.17 cm 31 62
<0.17 cm 19 38

Tdi: Diaphragm thickness

used for determining the optimal time of extubation with
their own advantages and disadvantages.”” Recently, the
role of ultrasound-guided measurement of diaphragm
function has been suggested. We aimed to assess the
role of diaphragmatic ultrasound for the assessment of
weaning index and its association with weaning outcome.
Mean age was 46.2115.2 years and the majority of patients
with head injury were above 40 years of age. We observed
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B Success

M Failure

Figure 1: Distribution according to weaning outcome

Tdi at end expiration Success Failure Total
20.17 cm 28 3 31
<0.17 cm 11 8 19
P-value 0.001

male predominance in our study, with male: female ratio
of 2.33:1. Our study findings were concordant with the
findings of Mowafy and Abdelgalel,' in which the mean
age of patients with head injury was 35.7729.56 years,
with 66% patients being male. Males due to their outdoor
activities are at higher risk of head injuries due to road
traffic accidents. The mean weight of patients in this
study was 65.08%£11.17 kg whereas mean height was
162.4%8.7 cm. Similarly, mean weight and height of patients
in study of Mowafy and Abdelgalel were 83.1819.1 kg and
165.7516.44 cm, respectively.'

On weaning index, the mean diaphragmatic thickening
fraction was 29.1819.09, and 64% patients had Tdi% above
30. However, Tdi at end of inspiration was 1.03£0.27 cm
whereas Tdi at end of expiration was 0.8£0.39 ¢cm and
maximum inspiratory pressure was 0.92£0.45. About 62%
of patients in our study had Tdi at end of inspiration above
0.17 cm. Tdi/f ratio and TdixXVt ratio were above 0.008
and 80 in 60% and 62% cases, respectively.

A study by Ferrari et al., found that a diaphragm thickening
fraction (DTF) of 36% predicted successful weaning in
patients requiring long-term ventilator support.** Farghaly
and Hasan have shown that DTF% 234.2% was associated
with successful extubation.” In the present study, weaning
success rate was 78% and only 22% failed. Our study
findings were similar to the findings of Mowafy and
Abdelgalel and colleagues demonstrated that 73.6% of
patients experienced successful weaning, while 26.4%
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encountered failure. Both early and delayed weaning
strategies are associated with numerous complications,
including higher mortality rates and prolonged stays in the
intensive care unit (ICU). The outcome of weaning can be
influenced by various factors such as hemodynamic stability,
muscle weakness, electrolyte imbalances, pulmonary
dysfunction, and the patient's ability to effectively cough
and clear endotracheal secretions."* Study by Xue et al.,
showed that 39 had weaning success and 11 had failure.”
Among the 50 patients of this study, the rate of successful
weaning is 78% (39/50) and the rate of failed weaning is
22% (11/50) which is much lower than the previous study
(30%).

Limitations of the study

The study has been done on patients who were extubated
within 24 h (62% of patients). The diaphragm function
is affected in patients who require prolonged ventilation.
Hence, this study cannot be extrapolated in patients with
prolonged mechanical ventilation.

CONCLUSION

This study shows that timely weaning is very important.
Delayed weaning may lead to further infection and
complications. Diaphragmatic ultrasound thus plays a vital
role in extubating the patient. Diaphragmatic thickness and
motion detected by ultrasound can be used as a predictor
for timely extubation. Diaphragmatic thickness reflects the
strength of diaphragm and hence would help us to predict
a successful extubation.
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