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Background: Acute respiratory failure (ARF) is commonly managed with invasive mechanical ven-
tilation (IMV). The majority of the time that a patient spends on IMV is in the process of weaning. 
Prediction of the weaning outcome is of paramount importance, as untimely/delayed extubation is 
associated with a high risk of mortality. Diaphragmatic ultrasonography is a promising tool in the 
intensive care unit, and its utility in predicting the success of weaning remains understudied. 
Methods: In this prospective-observational study, we recruited 54 ARF patients on IMV, along 
with 50 healthy controls. During a spontaneous breathing trial, all subjects underwent diaphrag-
matic ultrasonography along with a rapid shallow breathing index (RSBI) assessment. 
Results: The mean age was 41.8±17.0 and 37.6±10.5 years among the cases and control group, 
respectively. Demographic variables were broadly similar in the two groups. The most common 
cause of ARF was obstructive airway disease. The average duration of IMV was 5.41±2.81 days. 
Out of 54 subjects, 45 were successfully weaned, while nine patients failed weaning. Age, body 
mass index, and severity of disease were similar in the successful and failed weaning patients. The 
sensitivity in predicting successful weaning of percent change in diaphragmatic thickness (Δtdi%) 
>29.71% was high (93.33%), while specificity was 66.67%. The sensitivity and specificity of mean 
diaphragmatic thickness (tdi) end-expiratory >0.178 cm was 60.00% and 77.78%, respectively. 
RSBI at 1 minute of <93.75 had an equally high sensitivity (93.33%) but a lower specificity 
(22.22%). Similar results were also found for RSBI measured at 5 minutes. 
Conclusions: During the weaning assessment, the purpose is to minimize both premature as well 
as delayed extubation. We found that diaphragmatic ultrasonography, in particular Δtdi%, is better 
than RSBI in predicting weaning outcomes. 
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INTRODUCTION 

Mechanical ventilation (MV) has been considered a life-saving tool for critically ill patients. 

Weaning from invasive mechanical ventilation (IMV) is as important as putting the patient on 

https://doi.org/10.4266/acc.2022.00108
http://crossmark.crossref.org/dialog/?doi=10.4266/acc.2022.00108&domain=pdf&date_stamp=2022-08-30


348 https://www.accjournal.org Acute and Critical Care 2022 August 37(3):347-354

Lalwani LK, et al. Diaphragmatic ultrasonography as weaning parameter

the ventilator. Once the patient is on IMV, weaning constitutes 

an important aspect of management. It has been estimated 

that around 42% of the total time that a patient spends on MV 

is in the process of weaning [1]. Determining the optimal time 

and mode of weaning is usually an arbitrary clinical decision. 

Physicians’ predictions for weaning can be inaccurate, with 

positive (PPV) and negative predictive values (NPV) of only 

about 50% and 67%, respectively [2]. Choosing the right ap-

proach between early extubation and prolonged ventilation 

is of prime importance to avoid the consequences of either of 

these, such as nosocomial pneumonia and increased risk of 

mortality [3]. 

The rapid shallow breathing index (RSBI) is one of the most 

extensively studied indices for the weaning assessment. It, 

therefore, offers the best paradigm for investigating the utility 

of other parameters. The relationship between respiratory 

load and respiratory muscle capacity, depicted by RSBI, was 

found to be a prime determinant of weaning outcomes [4,5]. 

Most studies have shown high sensitivities ranging from 85% 

to 100%. Although the PPV of an RSBI >105 breaths/min/L has 

been consistently reported in the range of 0.75 and above, the 

extremely high NPV, originally noted at 0.95, has been more 

difficult to reproduce [6,7]. 

Diaphragmatic dysfunction is associated with prolonged 

MV and weaning failure [8,9]. Despite all available diagnostic 

tools to assess diaphragmatic dysfunction like fluoroscopy 

and phrenic nerve conduction study, diaphragmatic ultraso-

nography is the only real-time, non-invasive bedside tool for 

its functional assessment [10]. Advantages of ultrasonography 

include safety, avoidance of radiation hazards, short learning 

curve, high correlation coefficient between and within ob-

servers, and availability at the bedside. It carries the advantage 

of assessing both the structural and functional components 

of the diaphragm at the bedside. Ultrasonography is similar 

in accuracy to most other imaging modalities for diaphragm 

assessment [11]. Ultrasonography can be used to evaluate 

diaphragm excursions (M mode), diaphragmatic thickness 

(tdi), and contraction (B mode). The average thickness of the 

diaphragm is 0.22–0.28 cm in healthy volunteers and 0.13–0.19 

cm in a paralyzed diaphragm. A diaphragm thickness less 

than 0.2 cm, measured at the end of expiration, has been pro-

posed as the cut-off to define diaphragm atrophy [12]. DiNino 

et al. [13] conducted a study over 63 mechanically-ventilated 

patients, and diaphragm thickness (tdi) was measured in 

the zone of apposition of the diaphragm to the rib cage. The 

percent change in diaphragmatic thickness (Δtdi%) between 

end-expiration and end-inspiration was calculated during 

either spontaneous breathing or pressure support weaning 

trials, and it was found that the combined sensitivity and spec-

ificity of Δtdi% ≥30% for extubation success was 88% and 71%, 

respectively. The PPV and NPV were 91% and 63%, respective-

ly [13]. Recently, decreased diaphragm excursions on M mode 

have been shown to predict weaning failure with cut-off values 

of 1.4 cm and 1.2 cm for the right and left hemi-diaphragm, 

respectively [14,15]. 

Ultrasonography use to assess diaphragmatic dysfunction, 

despite its ease, has not yet been frequently used. The use 

of diaphragmatic ultrasonography as a weaning predictor is 

evolving [16], since only a few studies have addressed this is-

sue and compared the results to RSBI. There is an urgent need 

to explore and generate evidence for its use as a weaning pre-

dictor. 

MATERIALS AND METHODS 

This study was an analysis of retrospectively collected data of 

ARF patients aged 16 to 80 years who were admitted into the 

intensive care unit (ICU) of a tertiary care institute in north 

India from May 2018 to December 2019. Inclusion and ex-

clusion criteria are described below. The study protocol was 

approved by the Biomedical Research Ethics Committee of 

the institute.  Informed consent was obtained. All consent-

ing ICU patients aged 16 to 80 years, with at least 3 days of 

IMV for acute respiratory failure (ARF), were included in the 

study. The exclusion criteria included the following: pregnant 

patients; cases of abdominal, thoracic, or head and neck sur-

gery/trauma; prior history of central nervous system disorder; 

presence of concomitant pleural effusion/ ascites/pneumo-

thorax; or presence of intercostal chest tube drainage. Fifty 

healthy subjects were assessed by diaphragmatic ultrasonog-

raphy to calculate normal values for diaphragmatic variables 

in the Indian population. 

■ A diaphragmatic ultrasound for the weaning assessment 
is feasible and provides real-time physiological data.

■ The percent change in diaphragmatic thickness measure-
ment is superior to the conventional rapid shallow breath-
ing index measurement in predicting weaning success.

KEY MESSAGES
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Process of Weaning 
A detailed history of the patients, including symptoms, demo-

graphic profile, and anthropometry, was recorded with all ex-

amination findings and investigations. Any history of ventila-

tor-associated pneumonia was noted. After partial or complete 

resolution of the primary cause of respiratory failure, a deci-

sion of spontaneous breath testing (SBT) and liberation from 

MV was taken. If the patient was conscious, cooperative, alert, 

and had good cough reflex with stable cardiopulmonary sta-

tus, an SBT was given (pressure support mode [PS] or t-piece). 

Once the patient’s breathing pattern was stabilized for at least 

2 minutes, the first RSBI was calculated at 1 and 5 minutes. A 

handheld spirometer (Trueflow, EasyOne; ndd Medizintech-

nik AG, Zurich, Switzerland) was connected to the patient’s 

endotracheal tube or tracheostomy tube, and then the patient 

was made to take 5–6 breaths. Software analyzed the patient’s 

respiration and gave an average tidal volume and respiratory 

rate. RSBI was calculated by dividing the respiratory rate by the 

tidal volume in liters. 

Diaphragmatic ultrasonography was performed within 15 

minutes of the calculation of the RSBI. It was conducted using 

a linear 6–13 MHz transducer set to B mode, appropriate for 

measuring tdi and its change with tidal breathing using the 

Micromaxx ultrasound machine (Sonosite Inc., Bothell, WA, 

USA). tdi was measured at end-expiration and end-inspiration 

in the zone of apposition of the diaphragm with the lateral rib 

cage (Figure 1). The method of diaphragmatic ultrasonogra-

phy has been described previously in detail [17]. In brief, the 

right diaphragm was imaged at the zone of apposition in the 

mid-axillary line between the 6th and 10th intercostal spaces. 

Similarly, the left diaphragm was imaged between the 6th and 

10th intercostal spaces in the mid to posterior axillary line. 

The right diaphragm was visualized through the liver window. 

Visualization of the left diaphragm was facilitated by a more 

coronal approach and by paralleling the ribs. A total of three 

readings were recorded, with diaphragmatic contractility cal-

culated with the formula shown below for each breath, and 

then a mean of all of the recordings was considered. 

× 100 
[tdi (end-inspiration) – tdi (end-expiration)] 

tdi ( end-expiration ) 

Successful weaning was defined as spontaneous breathing for 

more than 48 hours without needing MV or reintubation. All 

diaphragmatic ultrasonography procedures were done by a 

Figure 1. Ultrasonography images of the diaphragm during various times of respiration. (A) Right diaphragm, end-inspiratory phase. (B) Right 
diaphragm, end-expiratory phase. (C) Left diaphragm, end-inspiratory phase. (D) Left diaphragm, end-expiratory phase.
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single trained operator (MS). 

Statistical Analysis 
The data was entered into a Microsoft Excel spreadsheet and 

doubly checked for errors. Appropriate coding was done to 

facilitate the analysis. Data analysis was done using IBM SPSS 

version 24.0 (IBM Corp., Armonk, NY, USA). Qualitative data 

were presented as proportions and frequencies. Quantita-

tive data were presented as means, standard deviations, and 

ranges. The comparison of continuous variables between two 

groups was made using an independent t-test. The receiver 

operating characteristic curve was plotted with cut-off points, 

sensitivity, specificity, PPV, and NPV. A probability value less 

than 0.05 was considered as the point of statistical significance 

(P<0.05). The diagnostic accuracies were calculated using the 

Youden index and compared among various variables using 

the area under the curve (AUC). 

RESULTS 

Fifty-four intubated patients were enrolled throughout 1 and 

a half years (Figure 2), along with 50 healthy subjects. The 

demographic and clinical profile of the enrolled subjects is 

shown in Table 1. The study group had more females than did 

the control group. Of the patients in the study group, 35.2% 

were active smokers, compared to 30% in the control group.  

Most of the patients were admitted for acute exacerbation of 

chronic obstructive pulmonary disease (AECOPD) or a snake 

bite. Thirty-five patients (64.8%) had hypercapnic respirato-

ry failure, while others had normocapnic respiratory failure. 

Disease severity was assessed using Acute Physiology and 

Chronic Health Evaluation (APACHE) II and Sequential Organ 

Failure Assessment (SOFA) scores, calculated within 24 hours 

of ICU admission. The mean APACHE II and SOFA scores of 

the studied subjects were 20.04±6.14 and 4.81±1.87, respec-

tively. Patients in the study group had spent 45.11%±13.13% of 

the total MV days in weaning. 

Of 54 subjects, 45 were successfully weaned, while nine 

patients failed weaning. Age, body mass index, and severity of 

disease (APACHE II and SOFA score) were similar in success-

ful and failed weaning patients. The rates of tracheostomy and 

mortality were higher in the failed weaning group than in the 

Figure 2. Consort chart of the study participants. ICU: intensive care unit; IMV: invasive mechanical ventilation; GI: gastrointestinal; SBT-PS: 
spontaneous breathing trial with pressure support.

211 Patients admitted in ICU with acute respiratory failure

54 Patients finally included in study

54 Decision to give spontaneous breathing trial

Patients attended and SBT-PS or t-piece given

Within 15 minutes

Extubation within 6 hours

157 Excluded from study
  5 Age
12 Pregnancy
65 No IMV
11 Massive ascites
  5 Pleural effusion
22 Head injury
26 IMV <72 hours
  2 Intercostal chest tube in situ
  9 Upper GI surgery

Outcome FailureSuccess

Rapid shallow breathing 
index at 1 and 5 minutes

Diaphragmatic ultrasonography 
derived variables

1st 2nd
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successful weaning group (P<0.05). Days of MV, ICU stay, hos-

pital length of stay (HLOS), and ventilator-associated pneumo-

nia were higher in patients in the failed weaning group but did 

not reach statistical significance (Supplementary Table 1). 

Variation in tdi during the inspiratory and expiratory phases 

of respiration in the study and control groups are shown in 

Supplementary Table 2. The mean tdi and combined Δtdi% of 

both hemidiaphragms were greater in normal healthy individ-

uals than in the study participants, but neither entity reached 

statistical significance (P>0.05). The mean RSBI measured at 1 

and 5 minutes was 67.21±22.01 and 65.41±20.74, respectively. 

Mean RSBI values did not differ between the two groups (suc-

cessful weaning and failed weaning). 

The sensitivity of combined Δtdi% of both hemidiaphragms 

>29.71% was remarkably high (93.33%), while specificity was 

66.67%. The sensitivity and specificity of mean end-expiratory 

tdi >0.178 cm was 60.00% and 77.78%, respectively. RSBI at 1 

minute of <93.75 had an equally high sensitivity (93.33%) but a 

lower specificity (22.22%). Similar results were found for RSBI 

measured at 5 minutes (Table 2). The AUC was 0.605, 0.689, 

0.614, and 0.576 for mean tdi-end expiration, ∆tdi%, RSBI at 1 

minute, and RSBI at 5 minutes, respectively (Supplementary 

Figure 1). 

The utility of various predictors (∆tdi%, tdi-end expiration, 

and RSBI) during SBT-PS or T piece in weaning from MV is 

shown in Supplementary Table 3. tdi during end-expiration 

and end-inspiration in the failed weaning group were lower as 

compared with the successful weaning group, but the differ-

ence was not statistically significant (P>0.05) (Supplementary 

Table 4). 

After initial weaning success (remaining off ventilation for 

over 48 hours), 7 of 45 patients were later reintubated. We 

combined patients with weaning failure and reintubated pa-

tients into a group that was then compared with the remaining 

patients. Parameters including MV days, ICU days, HLOS, and 

ventilator-associated pneumonia were significantly higher in 

patients who either failed weaning or were later reintubated. 

Tracheostomy and mortality rates remained significantly high-

er in patients with failed weaning and reintubation (P<0.05) 

(Table 3). Reasons for weaning failure are shown in Supple-

mentary Table 5. 

DISCUSSION 

Despite the increase in the availability and use of MV, it re-

mains a double-edged sword in critical care. Both premature 

and delayed discontinuation from MV have been found to be 

associated with increased morbidity [18]. Tools for assessment 

of the optimal timing of extubation remain limited, despite the 

evidence accumulated in recent times. It is compounded by 

Table 1. Demographic and clinical profile of the enrolled cases and 
controls
Characteristics Case (n=54) Control (n=50)
Age (yr) 41.8±17.0 37.6±10.5
Male:female (%) 59:41 82:18
BMI (kg/m2) 23.41±3.56 23.31±3.78
Smoking (%)
 Yes 35 30
 No 65 70
Diagnosis (%)
 Organophosphorus poisoning 7.41
 Obstructive airway disease 37.04
 Snake bite 20.37
 Trauma 11.11
 Miscellaneous 24.07
Severity of disease
 APACHE II score 20.04±6.14
 SOFA score 4.81±1.87
Duration of ventilation
 IMV duration (day) 5.41±2.81
 Weaning time (% of IMV duration) 45.11±13.13

Values are presented as mean±standard deviation unless otherwise indicated.
BMI: body mass index; APACHE: Acute Physiology and Chronic Health 
Evaluation; SOFA: Sequential Organ Failure Assessment; IMV: invasive 
mechanical ventilation.

Table 2. Comparison of the diagnostic accuracy of different weaning parameters in predicting successful weaning

Parameter Sensitivity (%) Specificity (%) PPV NPV Likelihood ratio 
positive result

Likelihood ratio 
negative result

Mean ∆tdi% >29.71 93.33 66.67 93.3 66.7 2.80 0.01
Mean tdi end-expiration >0.178 60.00 77.78 93.1 28.0 2.70 0.51
RSBI at 1 minutes <93.75 93.33 22.22 85.7 40.0 1.20 0.30
RSBI at 5 minutes <96.29 95.56 11.11 84.2 33.3 1.07 0.40

PPV: positive predictive value;  NPV: negative predictive value; ∆tdi%: percent change in diaphragmatic thickness; RSBI: rapid shallow breathing index.
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the fact that subjective decisions are often wrong [18]. Use of 

ultrasonography in the ICU is increasing for both diagnostic 

and therapeutic purposes. Its use in diaphragmatic assessment 

for weaning, although lucrative, has not been studied exten-

sively. 

The current study was done on 54 patients, with 50 controls, 

who were suffering from ARF in the ICU of a tertiary health care 

center to assess the use of ultrasonography as a weaning pre-

dictor. Of the study participants, 62.96% were given a low-level 

PS trial as an SBT, while the rest of the patients were tried on 

t-piece. In this study, we found no difference between clinical 

outcomes based on the use of the pressure support and t-piece 

trials as weaning method. The results are consistent with previ-

ous studies which have suggested the lack of superiority of one 

SBT method over the other [19,20]. Similarly to our study, Ba-

nerjee and Mehrotra [21] studied the utility of basic diaphrag-

matic ultrasound parameters to predict weaning outcomes, but 

all of the parameters failed to outperform RSBI. 

The results show that tdi is greater in normal subjects when 

compared with patients on MV. In a different study, Francis et 

al. [22] assessed the effect of various modes of MV on tdi using 

ultrasonography and discovered that patients receiving as-

sist-controlled ventilation showed a mean decline in tdi of 4.7% 

per day, whereas patients receiving pressure support ventila-

tion demonstrated a mean rise in tdi of 1.5% per day. All our 

cases were managed using assist-controlled ventilation in the 

initial stages of illness. Later, all participants were on pressure 

support ventilation before SBT was initiated. 

We found that the sensitivity and specificity of tdi-end expi-

ration using a cut off >1.69 mm in predicting successful wean-

ing were 71.11% and 44.44%, respectively. These findings are 

similar to the previous study by DiNino et al. [13]. The authors 

[13] found that tdi-end expiration of ≥1.7 mm is a marker of 

successful weaning from MV, with a sensitivity and specificity 

of 90% and 21%, respectively. Δtdi% of ≤29.71 was found to be 

an indicator of weaning failure. These findings are consistent 

with the findings of Kawar et al. [23], where they found that a 

Δtdi% >30% had a sensitivity of 95% and a specificity of 68% 

for extubation success. Similar results were also demonstrated 

by Farghaly and Hasan [24] and Alam et al. [25], where tdi-end 

expiration out-performed RSBI. 

The RSBI value at 1 minute of <93.75 had a sensitivity of 

93.33% and specificity of 22.33% as a weaning predictor. PPV 

and NPV were 85.7% and 40%, respectively. Similar findings 

were also observed for RSBI calculated at 5 minutes. Yang 

and Tobin et al. [26] demonstrated that RSBI >105, measured 

during 1 minute of spontaneous breathing, had an extremely 

high NPV (0.95) for predicting weaning failure. RSBI ≤105 had 

a high PPV (0.78) for predicting weaning success. A further 

consideration is the time at which the breathing pattern mea-

surement was taken. In our study, the low specificity of RSBI 

can be explained due to multiple factors, including weaning on 

PS mode, post-extubation non-invasive ventilation (NIV) use, 

using respiratory frequency as a criterion of weaning failure, 

and selective bias of not extubating patients with RSBI >105. In 

contrast to the previous studies, RSBI was shown to have high 

sensitivity as well as specificity in a study by Ferrari et al. [14]. 

The reason for such outperforming values could have been the 

liberal SBT criteria used in their study. 

Δtdi% has equal sensitivity but high specificity (66.67% vs. 

22.22%) compared with RSBI. The AUC for Δtdi% was greater 

compared with RSBI (0.689 vs. 0.614). AUC for the mean tdi-

end expiration was 0.605. We found that AUC for tdi end-expi-

ration was less than that for Δtdi% (0.605 vs. 0.689). Variability 

of tdi-end expiration among different individuals [27,28] and 

ventilator-induced diaphragmatic atrophy in some may be 

responsible for the poor performance of tdi-end expiration 

as compared to Δtdi% [29]. Pirompanich and Romsaiyut [30] 

combined the two parameters of tdi and RSBI and demon-

strated the superior diagnostic accuracy of the same as com-

Table 3. Outcome comparison between ICU patients with and without weaning failure and reintubation

Parameter Patients with weaning failure or 
reintubation (n=16)

Patients without weaning failure or 
reintubation (n=38) P-value

IMV day 10.25±4.40 5.39±2.98 0.000
ICU length of stay 14.12±5.86 8.74±5.78 0.003
Hospital length of stay 15.24±6.25 11.04±5.92 0.023
Tracheostomy 11 3 0.000
Mortality 9 0 0.000
Ventilator-associated pneumonia 9 7 0.014

Values are presented as mean±standard deviation.
ICU: intensive care unit; IMV: invasive mechanical ventilation.
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pared to the individual two. 

Of the study patients, 83.33% were successfully weaned off 

from the MV. The mortality rate was high in patients with failed 

weaning as compared to patients with successful weaning 

(44.44% vs. 11.11%). Patients with failed weaning had a signifi-

cantly higher requirement of tracheostomy, which is consis-

tent with common knowledge and previous studies. 

We used NIV in 31.48% of patients during the post-extubation 

period, primarily in COPD patients (72.22%). In most patients, 

NIV was applied within the first 6 hours of extubation. Indica-

tions were signs of increased difficulty breathing, evidence of 

hypercapnic respiratory failure in the post-extubation period, 

associated coronary artery disease, or physician experience 

considering high risk. Subjects who continued to remain tachy-

pneic and hypercapnic were reintubated. We did not try high-

flow oxygen therapy in any of our extubated patients.  

The index study, despite being novel, was not short of lim-

itations, like the small sample size and a larger proportion of 

AECOPD and snake bite cases, making it difficult for general-

ization. Addition of a trans-diaphragmatic pressure measure-

ment could have added further value to the study. 

Ultrasonography is now ubiquitously present in ICUs, and 

its use has gained widespread acceptability for various indica-

tions. Ultrasonography is advantageous over traditional tools 

for functional assessments of the diaphragm in being non-in-

vasive, bedside, portable, safe, easy to use, and quick to learn. 

During the assessment for weaning, minimizing both prema-

ture and delayed extubation is of prime importance. We found 

diaphragmatic ultrasonography is better than RSBI in predict-

ing the weaning outcome, but the same should be validated in 

a large cohort involving multidisciplinary ICU patients. Train-

ing in diaphragmatic ultrasonography is of utmost importance 

and can be helpful for intensivists and pulmonologists in the 

day-to-day practice of intensive care and more so in cases of 

difficult weaning. 
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