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Abstract
Background  This study evaluated the ability of diaphragmatic excursion (DE), measured 2 h after extubation, to predict the 
need for resumption of ventilatory support within 48 h in surgical critically ill patients.
Methods  This prospective observational study included adult surgical critically ill patients intubated for > 24 h and extubated 
after a successful spontaneous breathing trial. Sonographic measurement of the DE was performed 2 h after extubation. 
Patients were followed up for 48 h after extubation and were divided into reintubation group and successful weaning group. 
The primary outcome was DE’s ability to predict the need for resumption of ventilatory support using the area under receiver 
characteristic curve (AUC) analysis.
Results  Data from 70 patients were analyzed and 25/70 (36%) patients needed reintubation. DE was lower in the reintubation 
group than the successful weaning group. The AUC (95% confidence interval) for the ability of DE to predict the need for 
resumption of ventilatory support was 0.98(0.92–1.00) and 0.97(0.89–1.00) for the right and left side, respectively. At cutoff 
values of 20.8 and 19.8 mm, the right and left DE had positive predictive values of 92% and 88% and negative predictive 
values of 96% and 93%, respectively.
Conclusion  Among surgical critically ill patients undergoing weaning from invasive mechanical ventilation, DE obtained 2h 
after extubation is an accurate predictor for the need for resumption of ventilatory support. Diaphragmatic excursion < 20–21 
mm could predict the need for resumption of ventilatory support with a positive predictive value of 88–92% and negative 
predictive value of 93–96%.
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Introduction

Discontinuation of invasive mechanical ventilation is 
a critical and frequent challenge in intensive care units 
(ICUs). Reintubation is commonly associated with serious 
complications such as arrhythmia, hypoxia, nosocomial 
pneumonia and increased mortality [1–3]. Early predic-
tion for the need of reintubation during a spontaneous 
breathing trial (SBT) is aimed to avoid the complications 
of reintubation and many parameters were evaluated for 
this purpose [4]. However, despite the presence of sev-
eral parameters and guidelines for weaning, there are still 
patients who fail after extubation, and early detection of 
these patients could enhance their management and alert 
the intensivist for diagnostic and therapeutic interventions 
which might avoid reintubation.

The diaphragm is the main respiratory muscle rep-
resenting more than 70% of the respiratory pump [5]. 
Diaphragmatic dysfunction plays a major role in diffi-
cult weaning from mechanical ventilation [6]. The use of 
ultrasound in the evaluation of diaphragmatic function 
allowed its implementation in daily practice for being fea-
sible at the bedside. Ultrasound-derived diaphragm indices 
showed good accuracy in predicting successful weaning 
from invasive mechanical ventilation [7, 8] and were able 
to predict failure of non-invasive ventilation [9]. However, 
no data, to the best of our knowledge, investigated the role 
of diaphragmatic excursion (DE) after extubation in pre-
dicting the need for resumption of ventilatory support in 
surgical critically ill patients. This study aims to evaluate 
the accuracy of DE, 2 h after extubation, in the predic-
tion of the need for the need for resumption of ventilatory 
support.

Methods

This prospective observational study was conducted at 
the surgical ICU in a University Hospital, between Sep-
tember 2022 and October 2023 after the Research Ethics 
Committee approval (MD-171–2022). Written informed 
consent was obtained from the patient’s next-of-kin before 
enrollment.

This study included adult (> 18 years) surgical critically 
ill patients who were intubated for 24 h and extubated after 
a successful SBT.

Exclusion criteria were diaphragmatic paralysis, neu-
romuscular diseases, preexisting lung pathology (e.g. 
tumor), and pregnancy.

Identifying the patient’s eligibility for weaning and 
extubation was according to the attending intensivist 

discretion and according to the local protocol which 
includes PaO2/fraction of inspired oxygen (FiO2) > 200, 
requiring positive end-expiratory pressure [PEEP] of 8 
cmH2O and FiO2 ≤ 0.4, hemodynamically stable or on 
minimal vasopressor dose, adequate cough, and Glasgow 
coma scale > 8. [2] Patients fulfilling criteria for wean-
ing from mechanical ventilation underwent an SBT for 30 
min. The SBT was performed using a pressure support of 
5 cmH2O, FiO2 0.4, and PEEP 5 cmH2O. The patient was 
extubated if the SBT was considered successful (respira-
tory rate was < 35 breath/min, peripheral oxygen satura-
tion (SpO2) > 90% or PaO2 > 60 mmHg on FiO2 < 40%, 
hemodynamically stable, and no sign of increased work 
of breathing in the form of nasal flaring, use of accessory 
muscle, intercostal retraction and paradoxical movement 
of the ribcage and abdomen) [10]. Patients were excluded 
if they failed to pass the SBT.

Ultrasound measurement of DE

The ultrasound assessment was in accordance with the lat-
est consensus on diaphragm ultrasonography in critically ill 
(EXODUS) [11] and previous literature [7, 8].

Ultrasound assessment for diaphragmatic function was 
done 2 h after extubation by an expert operator (AA) who 
was blinded to other patient’s clinical data and had no fur-
ther involvement in the study. Diaphragmatic movement was 
measured using a curvilinear transducer (3–5 MHz) during 
normal tidal breathing. The transducer was placed over one 
of the lower intercostal spaces in the right anterior axillary 
line for the right diaphragm and the left midaxillary line for 
the left diaphragm. The transducer was directed toward the 
diaphragmatic dome at an angle of not < 70°. The M-mode 
tracing was applied, and the amplitude of the excursion was 
measured on the vertical axis of the tracing between inspi-
ration and expiration [7, 8]. The attending intensivist was 
blinded to the data of the ultrasound examination.

The patients were followed up for 48 h to assess the need 
for reintubation. Patients received supplemental simple 
oxygen therapy after extubation, and the oxygen flow was 
adjusted to maintain the SpO2 at 89–92%. The extubation 
was considered a failure if the respiratory rate was > 35 
breath/min, SpO2 < 90% despite the use of supplemental 
oxygen, or if there were signs of increased work of breath-
ing in (e.g., the use of accessory muscle, intercostal retrac-
tion and paradoxical movement of the ribcage and abdo-
men). Failure of extubation was also considered if there was 
significant acidosis or hemodynamic instability [12]. The 
failure of extubation was managed by invasive mechanical 
ventilation.

The following data were collected: demographic 
data, Acute Physiology and Chronic Health Evaluation 
(APACHE) II score, primary pathology, main cause of 
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mechanical ventilation, days of mechanical ventilation 
before the weaning trial, time to reintubation, arterial blood 
gases and rapid shallow breathing index at the end of the 
SBT, hemodynamic data and respiratory rate 2 h after 
extubation.

The primary outcome was the ability of DE to predict the 
need for resumption of ventilatory support 48 h after extuba-
tion. Secondary outcomes were identifying risk factors of 
the need for resumption of ventilatory support and compar-
ing the ability of DE in predicting the need for resumption 
of ventilatory support to that of other risk factors, namely 
respiratory rate and rapid shallow breathing index. We also 
calculated the respiratory rate/DE index by dividing the 
respiratory rate by the right DE and evaluated its ability to 
predict the need for resumption of ventilatory support.

Sample size:
Sample size was calculated using MedCalc Software 

V 18 (Ostend, Belgium). Assuming that the incidence of 
reintubation was 20% [10, 13], a minimum sample of 65 
patients (at least 13 reintubation) was needed to detect an 
area under receiver operating characteristics (AUC) of 0.75, 
with a study power of 80%, alpha error of 0.05, and the null 
hypothesis was set at 0.5.

Statistical analysis

Statistical analysis was performed using Statistical Package 
for Social Science (SPSS) version 26 for Microsoft (IBM 
Corp., NY, USA) and MedCalc Software. Patients were 
categorized into two groups: successful weaning and rein-
tubation groups. The distribution of continuous data was 
checked using the Shapiro–Wilk test. Continuous data are 
reported as mean ± standard deviation or median (quartile) 
as appropriate. Normally distributed data were analyzed 
using the Student t test and skewed data were analyzed 
using the Mann–Whitney U test. Categorical data are sum-
marized as counts (percentages) and were analyzed using 
the Chi-squared or Fisher’s exact test as appropriate. The 
ability of DE, respiratory rate, and rapid shallow breathing 
index to predict the need for resumption of ventilatory sup-
port was assessed using the AUC analysis. The best cut-off 
value was calculated using Youden’s index, and sensitivity, 
specificity, positive and negative predictive values of the best 
cut-off value are presented. Comparison of the AUCs was 
performed using the DeLonge test. We conducted a multi-
variate logistic regression analysis to identify independent 
risk factors of the need for resumption of ventilatory sup-
port using the forward selection method. The forward selec-
tion method was chosen due to the small number of positive 
cases relative to number of variables, aiming to minimize the 
risk of model overfitting. The model included the known risk 
factors of reintubation (age, APACHE II score, and rapid 
shallow breathing index, PaO2/FiO2 ratio, and PaCO2 at 

the end of SBT) [13] in addition to the primary pathology, 
respiratory rate and mean DE (calculated as the average of 
right and left DE) 2 h after extubation. The analysis started 
with no predictors in the model and sequentially added vari-
ables based on their statistical significance, evaluated using 
likelihood-ratio tests. The final model identified two vari-
ables: mean DE and respiratory rate, and their odds ratio and 
95% confidence interval are reported. A P-value < 0.05 was 
considered statistically significant.

Results

Ninety-three patients were screened for eligibility and 23 
patients were excluded for either failing the SBT (n = 15), 
poor sonographic image (n = 5) or failure to obtain consent 
(n = 3). Seventy patients were included in the final analy-
sis. The majority of the included patients were admitted 
immediately after emergency surgical procedures (55/70 
[79%]). The number of patients needing reintubation was 
25/70 (36%) and the median (quartiles) time to reintuba-
tion was 10 (7, 17) h from the extubation. (Fig. 1) We did 
not use preventive noninvasive mechanical ventilation after 
extubation since none of the participants was intubated due 
to exacerbation of chronic obstructive pulmonary disease 
(COPD) nor congestive heart failure [14]. One patient had 
hypercapnia at the end of the SBT (PaCO2 > 45 mmH2O); 
however, this patient was admitted after surgical repair of 
perforated duodenum and noninvasive mechanical ventila-
tion would be inappropriate in such a patient. Most of our 
patients had nasogastric tubes which preclude the use of 
noninvasive respiratory support.

Baseline data and the cause of mechanical ventilation are 
presented in Table 1. The rapid shallow breathing index was 
higher while the PaO2/FiO2 ratio and PaCO2 were lower in 
the reintubation group than the successful weaning group. 
(Table 1).

The heart rate and respiratory rate were higher in the rein-
tubation group than in the successful weaning group. On the 
other hand, the DE was lower in the reintubation group than 
in the successful weaning group. (Table 2).

The AUC (95% confidence interval) for the ability of 
DE to predict the need for resumption of mechanical ven-
tilation was 0.98 (0.92–1.00) for the right side and was 
0.97 (0.89–1.00) for the left side. (Table 3) At a cutoff 
value of 20.8 and 19.8 mm, the right and left DE had a 
negative predictive value of 96% and 93%, respectively. 
(Table 3) (Fig. 2) Furthermore, the right DE AUC was 
higher than that of the respiratory rate, P-value 0.017. 
(Table 3) (Fig. 2) The AUC for both right and left DE 
were higher than that of the rapid shallow breathing index, 
P-value < 0.001 for both comparisons. (Table 3) (Fig. 2).
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Fig. 1   Patients’ enrollment 
flowchart

Table 1   Demographic, clinical 
and laboratory data. Data are 
presented as mean ± standard 
deviation, median (quartiles), 
and frequency (%)

APACHE acute physiology and chronic health evaluation, SBT spontaneous breathing trial

Successful weaning group 
(n = 45)

Reintubation group 
(n = 25)

P-value

Age (years) 50 (36, 59) 58 (40, 66) 0.102
Male sex 30 (67%) 18 (72%) 0.645
APACHE II score 11 (7, 15) 10 (6, 14) 0.722
Primary pathology 0.328
 Soft tissue infection 15 (33%) 6 (24%)
 Pneumonia 8 (18%) 1 (4%)
 Intestinal obstruction 4 (9%) 6 (24%)
 Perforated viscus 4 (9%) 5 (20%)
 Trauma 4 (9%) 2 (8%)

 Burn 3 (7%) 3 (12%)
 Pancreatitis 2 (4%) 0 (0%)
 Stroke 2 (4%) 0 (0%)
 Atrial fibrillation 1 (2%) 0 (0%)
 Chronic limb ischemia 1 (2%) 2 (8%)

Soft tissue infection 15 (33%) 6 (24%)
 Intraabdominal abscess 1 (2%) 0 (0%)

Cause of mechanical ventilation 0.253
 Hemodynamic instability 30 (67%) 16 (64%)
 Respiratory failure 7 (16%) 7 (28%)

Disturbed conscious level 5 (11%) 0 (0%)
 Severe metabolic acidosis 3 (7%) 2 (8%)

Parameters at the end of SBT
 Rapid shallow breathing index 40 (28, 60) 65 (54, 75) 0.001
 PaO2/FiO2 ratio 330 (300, 388) 290 (255, 317)  < 0.001
 PaCO2 (mmHg) 37 ± 5 33 ± 7 0.005
 pH 7.43 ± 0.07 7.44 ± 0.08 0.578
 HCO3 (mmol/L) 25 ± 4 23 ± 4 0.139
 Days of mechanical ventilation 3 (2, 5) 4 (3, 6) 0.062
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The AUC for respiratory rate/DE index was not signifi-
cantly different from that of the DE but was significantly 
higher than that of the respiratory rate and rapid shallow 
breathing index. (Table 3) (Fig. 2).

The DE was the only significant risk factor for the 
need for resumption of ventilatory support in a multivari-
ate analysis model including other known risk factors. 
(Table 4).

Table 2   Clinical data and 
ultrasonographic measurements 
2 h after extubation. Data 
presented as mean ± standard 
deviation and median (quartiles)

DE diaphragmatic excursion

Successful weaning group 
(n = 45)

Reintubation group 
(n = 25)

P-value

Clinical data
 Heart rate (beat/min) 94 ± 14 101 ± 13 0.030
 Mean blood pressure (mmHg) 81 (78, 87) 80 (70, 93) 0.806
 Respiratory rate (breath/min) 20 (17, 22) 28 (25, 29)  < 0.001

Ultrasound measurement
 Right DE (mm) 26 (23, 36) 18 (15, 20)  < 0.001
 Left DE (mm) 25 (21, 36) 17 (15, 19)  < 0.001
 Mean DE (mm) 25 (22, 37) 17 (15, 19)  < 0.001

Table 3   The AUC analysis for the ability to predict the need for resumption of ventilatory support

*  Denotes significance in relation to the RR, †denotes significance in relation to the RSBI
AUC​ area under receiver operating characteristic curve, CI confidence interval, DE diaphragmatic excursion, NPV negative predictive value, 
PPV positive predictive value, RR respiratory rate, RSBI rapid shallow breathing index

AUC (95% CI) Sensitivity % (95% CI) Specificity% (95% CI) PPV%
(95% CI)

NPV%
(95% CI)

Cutoff value

Right DE (mm) 0.98 (0.92–1.00)*† 92 (74–99) 96 (85–100) 92 (74–99) 96 (85–100)  ≤ 20.8
Left DE (mm) 0.97 (0.89–1.00)† 88 (69–98) 83 (82–99) 88 (69–98) 93 (82–99)  ≤ 19.8
RR (breath/min) 0.89 (0.79–0.95)† 88 (69–98) 78 (63–89) 69 (50–84) 92 (79–98)  > 22
RR/DE index 0.98(0.91–1.00) *† 96(80–100) 91(79–98) 86(67–96) 97(87–100)  > 1.11
RSBI 0.75(0.63–0.84) 76(55–91) 71(56–84) 59(41–76) 84(69–94)  > 55

Fig. 2   Receiver operating characteristic curves for the ability to pre-
dict the need for resumption of ventilatory support. DE diaphragmatic 
excursion, RR respiratory rate, RSBI rapid shallow breathing index

Table 4   Multivariate analysis for risk factors for the need for resump-
tion of ventilatory support

Multivariate logistic regression model results using the forward selec-
tion method. Variables, namely age, APACHE II score, rapid shallow 
breathing index, PaO2/FiO2 ratio, PaCO2, primary pathology, res-
piratory rate and mean DE, were included in the model sequentially 
based on their statistical significance, as determined by likelihood-
ratio tests. The final model included mean DE and respiratory rate. 
APACHE acute physiology and chronic health evaluation, DE dia-
phragmatic excursion

Odds ratio (95% Confidence 
interval)

P-value

Mean DE 0.16 (0.03 – 0.79) 0.024
Respiratory rate 1.48 (0.93 – 2.33) 0.096
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Discussion

We report that DE, obtained two hours after extubation, 
can accurately predict the need for resumption of ventila-
tory support within 48 h. The diaphragm is the key inspira-
tory muscle that contributes to approximately 70% of the 
normal tidal volume [15] and there is a positive correla-
tion between DE and lung inspiratory volumes making 
this measure an accurate indicator of respiratory muscle 
strength and function [16, 17].

Diaphragmatic dysfunction is now recognized as an 
important measure for readiness-to-wean among patient 
receiving invasive mechanical ventilation [16]. For being 
accurate and applicable at the bedside, ultrasonographic 
evaluation of DE had gained an increasing role in critically 
ill patients before intubation and during weaning [16, 18]. 
The majority of previous studies evaluated diaphragmatic 
ultrasound during the SBT [16, 18]; therefore, a consider-
able proportion of patients in previous studies were con-
sidered “failure” without being actually extubated. The 
current study has two important differences from the previ-
ous literature. First, the focus on resumption of ventilatory 
support after extubation, which carries more cardiovascu-
lar and airway complications than failure during the SBT. 
Second, the evaluation of DE after extubation as an early 
measure for respiratory failure. Furthermore, extubated 
patients are expected to have better diaphragmatic function 
than non-extubated patients, and consequently different 
cutoff value, indicating the need for separate assessment 
of DE after extubation.

In line with our findings, one recent study by Eksom-
batchi et al. [19] evaluated the DE after extubation and 
showed that DE can predict reintubation; However, the 
authors reported a lower accuracy (AUC: 0.73) than ours 
(AUC: 0.98). This difference could be related to the dif-
ferent population. Eksombatchi et al. [19] included mostly 
medical patients while our study included emergency sur-
gical patients. Dres et al. [20] had reported that diaphrag-
matic thickening fraction, another measure of diaphrag-
matic function, measured after extubation can predict 
reintubation. However, the main difference between our 
study and Dres et al. [20] is that we evaluated DE. Dia-
phragmatic excursion has two advantages over diaphrag-
matic thickening fraction. First, being easier to measure 
[11]. Second, the average diaphragmatic thickening frac-
tion values are about 1.5–2.0 mm; therefore, any slight 
operator-dependent variation would affect measurement 
[16].

We report that a DE cutoff value ≈20 mm can discrimi-
nate patients at risk for the need for resumption of ven-
tilatory support, which is close to cutoff values reported 
in most studies in non-intubated patients [7, 21]. Studies 

that evaluated DE before extubation reported lower values 
(≈10–13 mm) [8] [22]. This difference in the cutoff values 
seems logical because patients included in our study had 
already passed the SBT successfully and therefore, they 
would likely have better respiratory muscle function, and 
consequently DE, than patients who did not pass the SBT 
and some of them were not extubated. Furthermore, the 
diaphragmatic excursion is affected by the use of posi-
tive pressure (augment the DE) and PEEP (reduces the 
magnitude of DE) [11]; therefore, depending on the meth-
ods of SBT, the magnitude of DE would vary, affecting 
the accuracy as well as the cut-off value. Eksombatchi 
et al. [19] reported a lower cutoff value than ours (10.5 
mm) despite including patients after extubation. However, 
Eksombatchi et al. [19] assessed DE during noninvasive 
mechanical ventilation in some patients who were deemed 
high-risk for reintubation, and this might explain the lower 
cutoff value.

During the first few hours after extubation, the vital signs, 
namely heart rate and respiratory rate, were modestly higher 
in patients who were reintubated thereafter; however, the 
multivariate analysis showed that DE was the only signifi-
cant risk factor. This finding highlights the value of DE in 
the early detection of respiratory failure. However, the lack 
of significance for other variables might be attributed to the 
low number of positive events relative to the number of vari-
ables included in the model, which limited the study's power 
to detect associations. Combining the respiratory rate and 
DE into a single index did not significantly improve its accu-
racy but it improved the DE sensitivity to predict the need 
for resumption of ventilatory support. Eksombatchai et al. 
[19] also evaluated the combination of respiratory rate with 
both diaphragmatic function measures namely the DE and 
diaphragmatic thickening fraction. The authors reported that 
the combination of respiratory rate and diaphragmatic thick-
ening fraction had improved the sensitivity and specificity 
of the test with fair accuracy (AUC: 0.76) in comparison to 
other measures [19].

Reintubation is a critical incident that represents an inde-
pendent risk factor for mortality in the ICU [3] [23, 24]. 
Predicting weaning failure is usually performed during the 
SBT before extubation; however, it is still important to have 
a post-extubation evaluation strategy because there is still a 
proportion of patients who are reintubated, despite passing 
a successful guideline-based SBT [25, 26]. Early detection 
of patients who are at high risk for reintubation would alarm 
the physician to initiate diagnostic and therapeutic measures 
for the responsible pathology; performing physiotherapy; 
and calling for senior help. Early detection of high-risk 
patients would also boost the early initiation of non-inva-
sive ventilatory support. Several protocols for non-invasive 
support such as non-invasive positive pressure ventilation 
and/or high-flow nasal cannula, had been implemented 
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after extubation to decrease the likelihood of reintubation 
[26–28]. However, it is still unclear which groups of patients 
would benefit from these protocols [29, 30]. Some reports 
suggested that prophylactic respiratory support after extuba-
tion might be useful to high-risk patients according to pre-
extubation measurements [29, 30]. Post-extubation meas-
urements might be helpful in detecting patients who would 
benefit from prophylactic non-invasive respiratory support. 
In the post-pandemic era, there is an increased awareness 
for the importance of rapid clearance of intensive care unit 
beds. Evacuation of the beds after extubation would enable 
helping new patients and saving hospital resources. Thus, 
accurate bedside tools for confirming successful weaning 
are important. Our results introduce a new and important use 
for diaphragmatic ultrasound which showed excellent accu-
racy in predicting the outcomes of patients after extubation. 
Future larger studies are needed to confirm our findings and 
validate the cut-off value which identifies high-risk patients 
before including the DE into weaning protocols.

There are some limitations in the current study. It is a 
single-center study. The routine use of non-invasive respira-
tory support after weaning is conditionally recommended 
in the guidelines [14]. However, we did not use preventive 
non-invasive support since the criteria for high-risk patients 
did apply to our participants; none were intubated due to 
exacerbation of COPD nor congestive heart failure. Further-
more, most of our patients had either recent gastrointestinal 
surgery, nasogastric tube in place, or facial burn which made 
the placement of a noninvasive mechanical mask either con-
traindicated or impractical. The use of a high-flow nasal can-
nula was limited by its availability in our unit. The patients 
in this study were strictly emergency surgical who were 
admitted mainly postoperatively after emergency surgery 
or due to developing complications secondary to the surgi-
cal pathology. None of our patients were admitted after a 
neurosurgical procedure. Therefore, future studies should 
focus on other groups of patients such as neurosurgical and 
medical patients. The reintubation rate in the current study 
is relatively high due to the complicated surgical nature of 
our patients. Most of our patients had advanced emergency 
surgical pathology with a high complication rate because 
our hospital is the largest tertiary referral hospital in our 
country [31]. A significant proportion of failures was linked 
to hemodynamic instability and surgical complications. Pre-
vious studies showed similar rates of reintubation in surgical 
critically ill patients [32, 33]. The high number of positive 
cases contributed to the high PPV of our cutoff values.

In conclusion, among surgical critically ill patients under-
going weaning from invasive mechanical ventilation, DE 
two hours after extubation is an accurate predictor for the 
need for resumption of ventilatory support. Diaphragmatic 
excursion < 20–21 mm could predict the need for resumption 

of ventilatory support with positive predictive value of 
88–92% and negative predictive value of 93–96%.

Author contributions  All authors contributed to the study’s conception 
and design. Material preparation, data collection and analysis were 
performed by [AH, MH, AA, MM, MA, ME, WH, AL]. The first draft 
of the manuscript was written by [AH, MH, MM] and all authors com-
mented on previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding  Open access funding provided by The Science, Technology 
& Innovation Funding Authority (STDF) in cooperation with The 
Egyptian Knowledge Bank (EKB). The authors declare that no funds, 
grants, or other support were received during the preparation of this 
manuscript.

Data availability  Data are available at the corresponding author upon 
any reasonable request.

Declarations 

Conflict of interest  The authors have no relevant financial or non-fi-
nancial interests to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Epstein SK, Ciubotaru RL. Independent effects of etiology of 
failure and time to reintubation on outcome for patients failing 
extubation. Am J Respir Crit Care Med. 1998;158:489–93. https://​
doi.​org/​10.​1164/​ajrccm.​158.2.​97110​45.

	 2.	 De Lassence A, Alberti C, Azoulay É, Le Miere E, Cheval C, 
Vincent F, Cohen Y, Garrouste-Orgeas M, Adrie C, Troche G, 
Timsit JF. Impact of unplanned extubation and reintubation after 
weaning on nosocomial pneumonia risk in the intensive care unit. 
Anesthesiology. 2002;97:148–56. https://​doi.​org/​10.​1097/​00000​
542-​20020​7000-​00021.

	 3.	 Dadam MM, Pereira AB, Cardoso MR, Carnin TC, Westphal GA. 
Effect of reintubation within 48 hours on mortality in critically Ill 
patients after planned extubation. Respir Care. 2024;69:829–38. 
https://​doi.​org/​10.​4187/​respc​are.​11077.

	 4.	 Duan J, Wang S, Liu P, Han X, Tian Y, Gao F, Zhou J, Mou J, Qin 
Q, Yu J, Bai L, Zhou L, Zhang R. Early prediction of noninvasive 
ventilation failure in COPD patients: derivation, internal valida-
tion, and external validation of a simple risk score. Ann Intensive 
Care. 2019;9:108. https://​doi.​org/​10.​1186/​s13613-​019-​0585-9.

	 5.	 De Troyer A, Boriek AM. Mechanics of the respiratory muscles. 
Compr Physiol. 2011;1:1273–300. https://​doi.​org/​10.​1002/​cphy.​
c1000​09.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1164/ajrccm.158.2.9711045
https://doi.org/10.1164/ajrccm.158.2.9711045
https://doi.org/10.1097/00000542-200207000-00021
https://doi.org/10.1097/00000542-200207000-00021
https://doi.org/10.4187/respcare.11077
https://doi.org/10.1186/s13613-019-0585-9
https://doi.org/10.1002/cphy.c100009
https://doi.org/10.1002/cphy.c100009


196	 Journal of Anesthesia (2025) 39:189–197

	 6.	 Heunks LM, van der Hoeven JG. Clinical review: The ABC of 
weaning failure - a structured approach. Crit Care. 2010;14:245. 
https://​doi.​org/​10.​1186/​cc9296.

	 7.	 Adolf Helmy M, Magdy Milad L, Hasanin A, Mostafa M. The 
novel use of diaphragmatic excursion on hospital admission to 
predict the need for ventilatory support in patients with coronavi-
rus disease 2019. Anaesth Crit Care Pain Med. 2021;40: 100976. 
https://​doi.​org/​10.​1016/j.​accpm.​2021.​100976.

	 8.	 Helmy MA, Magdy Milad L, Osman SH, Ali MA, Hasanin A. 
Diaphragmatic excursion: a possible key player for predicting suc-
cessful weaning in patients with severe COVID-19. Anaesth Crit 
Care Pain Med. 2021;40: 100875. https://​doi.​org/​10.​1016/j.​accpm.​
2021.​100875.

	 9.	 Corradi F, Vetrugno L, Orso D, Bove T, Schreiber A, Boero E, 
Santori G, Isirdi A, Barbieri G, Forfori F. Diaphragmatic thick-
ening fraction as a potential predictor of response to continuous 
positive airway pressure ventilation in Covid-19 pneumonia: a 
single-center pilot study. Respir Physiol Neurobiol. 2021;284: 
103585. https://​doi.​org/​10.​1016/j.​resp.​2020.​103585.

	10.	 Peñuelas Ó, Thille AW, Esteban A. Discontinuation of ventila-
tory support: new solutions to old dilemmas. Curr Opin Crit 
Care. 2015;21:74–81. https://​doi.​org/​10.​1097/​MCC.​00000​
00000​000169.

	11.	 Haaksma ME, Smit JM, Boussuges A, Demoule A, Dres M, 
Ferrari G, Formenti P, Goligher EC, Heunks L, Lim EHT, 
Mokkink LB, Soilemezi E, Shi Z, Umbrello M, Vetrugno L, 
Vivier E, Xu L, Zambon M, Tuinman PR. EXpert consensus On 
Diaphragm UltraSonography in the critically ill (EXODUS): a 
Delphi consensus statement on the measurement of diaphragm 
ultrasound-derived parameters in a critical care setting. Crit 
Care. 2022;26:99. https://​doi.​org/​10.​1186/​s13054-​022-​03975-5.

	12.	 Epstein SK, Ciubotaru RL, Wong JB. Effect of failed extu-
bation on the outcome of mechanical ventilation. Chest. 
1997;112:186–92. https://​doi.​org/​10.​1378/​chest.​112.1.​186.

	13.	 Thille AW, Richard J-CM, Brochard L. The decision to 
extubate in the intensive care unit. Am J Respir Crit Care 
Med. 2013;187:1294–302. https://​doi.​org/​10.​1164/​rccm.​
201208-​1523CI.

	14.	 Ouellette DR, Patel S, Girard TD, Morris PE, Schmidt GA, 
Truwit JD, Alhazzani W, Burns SM, Epstein SK, Esteban A, 
Fan E, Ferrer M, Fraser GL, Gong MN, Hough CL, Mehta S, 
Nanchal R, Pawlik AJ, Schweickert WD, Sessler CN, Strøm T, 
Kress JP. Liberation from mechanical ventilation in critically ill 
adults: an official american college of chest physicians/american 
thoracic society clinical practice guideline: inspiratory pres-
sure augmentation during spontaneous breathing trials. Proto-
cols Minim Chest. 2017;151:166–80. https://​doi.​org/​10.​1016/j.​
chest.​2016.​10.​036.

	15.	 Qian Z, Yang M, Li L, Chen Y. Ultrasound assessment of dia-
phragmatic dysfunction as a predictor of weaning outcome from 
mechanical ventilation: a systematic review and meta-analy-
sis. BMJ Open. 2018;8:1–10. https://​doi.​org/​10.​1136/​bmjop​
en-​2017-​021189.

	16.	 Zambon M, Greco M, Bocchino S, Cabrini L, Beccaria PF, 
Zangrillo A. Assessment of diaphragmatic dysfunction in 
the critically ill patient with ultrasound: a systematic review. 
Intensive Care Med. 2017;43:29–38. https://​doi.​org/​10.​1007/​
s00134-​016-​4524-z.

	17.	 Turton P, ALAidarous S, Welters I. A narrative review of dia-
phragm ultrasound to predict weaning from mechanical venti-
lation: where are we and where are we heading? Ultrasound J. 
2019;11:2. https://​doi.​org/​10.​1186/​s13089-​019-​0117-8.

	18.	 Le Neindre A, Philippart F, Luperto M, Wormser J, Morel-
Sapene J, Aho SL, Mongodi S, Mojoli F, Bouhemad B. Diag-
nostic accuracy of diaphragm ultrasound to predict weaning 
outcome: a systematic review and meta-analysis. Int J Nurs 

Stud. 2021;117: 103890. https://​doi.​org/​10.​1016/j.​ijnur​stu.​2021.​
103890.

	19.	 Eksombatchai D, Sukkratok C, Sutherasan Y, Junhasav-
asdikul D, Theerawit P. The ratio of respiratory rate to dia-
phragm thickening fraction for predicting extubation success. 
BMC Pulm Med. 2023;23:1–10. https://​doi.​org/​10.​1186/​
s12890-​023-​02392-w.

	20.	 Dres M, Similowski T, Goligher EC, Pham T, Sergenyuk L, 
Telias I, Grieco DL, Ouechani W, Junhasavasdikul D, Sklar 
MC, Damiani LF, Melo L, Santis C, Degravi L, Decavèle 
M, Brochard L, Demoule A. Dyspnoea and respiratory mus-
cle ultrasound to predict extubation failure. Eur Respir 
J. 2021;58:2100002. https://​doi.​org/​10.​1183/​13993​003.​
00002-​2021.

	21.	 Huang L, Xia B, Cheng L, Hu X-W, Zheng L-D, Cheng F. Use 
of a combination of diaphragmatic ultrasound and muscle relax-
ation monitoring in predicting post-extubation adverse respira-
tory events among elderly patients in an anesthesia intensive 
care unit. BMC Pulm Med. 2023;23:503. https://​doi.​org/​10.​
1186/​s12890-​023-​02791-z.

	22.	 Parada-Gereda HM, Tibaduiza AL, Rico-Mendoza A, Molano-
Franco D, Nieto VH, Arias-Ortiz WA, Perez-Terán P, Masclans 
JR. Effectiveness of diaphragmatic ultrasound as a predictor of 
successful weaning from mechanical ventilation: a systematic 
review and meta-analysis. Crit Care. 2023;27:174. https://​doi.​
org/​10.​1186/​s13054-​023-​04430-9.

	23.	 Frutos-Vivar F, Esteban A, Apezteguia C, González M, Arabi 
Y, Restrepo MI, Gordo F, Santos C, Alhashemi JA, Pérez F, 
Peñuelas O, Anzueto A. Outcome of reintubated patients after 
scheduled extubation. J Crit Care. 2011;26:502–9. https://​doi.​
org/​10.​1016/j.​jcrc.​2010.​12.​015.

	24.	 Thille AW, Harrois A, Schortgen F, Brun-Buisson C, Brochard 
L. Outcomes of extubation failure in medical intensive care 
unit patients. Crit Care Med. 2011;39:2612–8. https://​doi.​org/​
10.​1097/​CCM.​0b013​e3182​282a5a.

	25.	 Abougabal A, Hasanin A, Abdel-Fatah M, Mostafa M, Ismail 
AA, Habib S. Peripheral perfusion index as a predictor of rein-
tubation in critically ill surgical patients. BMC Anesthesiol. 
2024;24:1–7. https://​doi.​org/​10.​1186/​s12871-​024-​02608-4.

	26.	 Hernández G, Vaquero C, González P, Subira C, Frutos-Vivar F, 
Rialp G, Laborda C, Colinas L, Cuena R, Fernández R. Effect of 
postextubation high-flow nasal cannula vs conventional oxygen 
therapy on reintubation in low-risk patients: a randomized clini-
cal trial. JAMA. 2016;315:1354–61. https://​doi.​org/​10.​1001/​
jama.​2016.​2711.

	27.	 Hernández G, Paredes I, Moran F, Buj M, Colinas L, Rodríguez 
ML, Velasco A, Rodríguez P, Pérez-Pedrero MJ, Suarez-Sip-
mann F, Canabal A, Cuena R, Blanch L, Roca O. Effect of 
postextubation noninvasive ventilation with active humidifi-
cation vs high-flow nasal cannula on reintubation in patients 
at very high risk for extubation failure: a randomized trial. 
Intensive Care Med. 2022;48:1751–9. https://​doi.​org/​10.​1007/​
s00134-​022-​06919-3.

	28.	 Thille AW, Muller G, Gacouin A, Coudroy R, Decavèle M, 
Sonneville R, Beloncle F, Girault C, Dangers L, Lautrette A, 
Cabasson S, Rouzé A, Vivier E, Le Meur A, Ricard J-D, Razazi 
K, Barberet G, Lebert C, Ehrmann S, Sabatier C, Bourenne J, 
Pradel G, Bailly P, Terzi N, Dellamonica J, Lacave G, Danin 
P-É, Nanadoumgar H, Gibelin A, Zanre L, Deye N, Demoule 
A, Maamar A, Nay M-A, Robert R, Ragot S, Frat J-P, HIGH-
WEAN Study Group and the REVA Research Network. Effect 
of postextubation high-flow nasal oxygen with noninvasive ven-
tilation vs high-flow nasal oxygen alone on reintubation among 
patients at high risk of extubation failure: a randomized clinical 
trial. JAMA. 2019;322:1465–75. https://​doi.​org/​10.​1001/​jama.​
2019.​14901.

https://doi.org/10.1186/cc9296
https://doi.org/10.1016/j.accpm.2021.100976
https://doi.org/10.1016/j.accpm.2021.100875
https://doi.org/10.1016/j.accpm.2021.100875
https://doi.org/10.1016/j.resp.2020.103585
https://doi.org/10.1097/MCC.0000000000000169
https://doi.org/10.1097/MCC.0000000000000169
https://doi.org/10.1186/s13054-022-03975-5
https://doi.org/10.1378/chest.112.1.186
https://doi.org/10.1164/rccm.201208-1523CI
https://doi.org/10.1164/rccm.201208-1523CI
https://doi.org/10.1016/j.chest.2016.10.036
https://doi.org/10.1016/j.chest.2016.10.036
https://doi.org/10.1136/bmjopen-2017-021189
https://doi.org/10.1136/bmjopen-2017-021189
https://doi.org/10.1007/s00134-016-4524-z
https://doi.org/10.1007/s00134-016-4524-z
https://doi.org/10.1186/s13089-019-0117-8
https://doi.org/10.1016/j.ijnurstu.2021.103890
https://doi.org/10.1016/j.ijnurstu.2021.103890
https://doi.org/10.1186/s12890-023-02392-w
https://doi.org/10.1186/s12890-023-02392-w
https://doi.org/10.1183/13993003.00002-2021
https://doi.org/10.1183/13993003.00002-2021
https://doi.org/10.1186/s12890-023-02791-z
https://doi.org/10.1186/s12890-023-02791-z
https://doi.org/10.1186/s13054-023-04430-9
https://doi.org/10.1186/s13054-023-04430-9
https://doi.org/10.1016/j.jcrc.2010.12.015
https://doi.org/10.1016/j.jcrc.2010.12.015
https://doi.org/10.1097/CCM.0b013e3182282a5a
https://doi.org/10.1097/CCM.0b013e3182282a5a
https://doi.org/10.1186/s12871-024-02608-4
https://doi.org/10.1001/jama.2016.2711
https://doi.org/10.1001/jama.2016.2711
https://doi.org/10.1007/s00134-022-06919-3
https://doi.org/10.1007/s00134-022-06919-3
https://doi.org/10.1001/jama.2019.14901
https://doi.org/10.1001/jama.2019.14901


197Journal of Anesthesia (2025) 39:189–197	

	29.	 Casey JD, Vaughan EM, Lloyd BD, Billas PA, Jackson KE, Hall 
EJ, Toporek AH, Buell KG, Brown RM, Richardson RK, Rooks 
JC, Buie RB, Wang L, Lindsell CJ, Ely EW, Self WH, Bernard 
GR, Rice TW, Semler MW. Protocolized postextubation respira-
tory support to prevent reintubation: a randomized clinical trial. 
Am J Respir Crit Care Med. 2021;204:294–302. https://​doi.​org/​
10.​1164/​rccm.​202009-​3561OC.

	30.	 Hernández G, Vaquero C, Ortiz R, Colinas L, de Pablo R, 
Segovia L, Rodriguez ML, Villasclaras A, Muñoz-Moreno JF, 
Suarez-Sipmann F, Canabal A, Cuena R, Roca O. Benefit with 
preventive noninvasive ventilation in subgroups of patients at 
high-risk for reintubation: a post hoc analysis. J Intensive Care. 
2022;10:43. https://​doi.​org/​10.​1186/​s40560-​022-​00635-2.

	31.	 Hasanin A, Fekry R, Mostafa M, Kasem S, Eissa A, Mohamed 
H, Raafat H. The use of thermal imaging for evaluation of 
peripheral tissue perfusion in surgical patients with septic 

shock. BMC Anesthesiol. 2024;24:1–7. https://​doi.​org/​10.​1186/​
s12871-​024-​02486-w.

	32.	 Kulkarni A, Agarwal V. Extubation failure in intensive care 
unit: predictors and management. Indian J Crit Care Med. 
2008;12:1–9. https://​doi.​org/​10.​4103/​0972-​5229.​40942.

	33.	 Cheikhrouhou M, Fredj H, Mokline A, Ben Saad M, Gasri 
B, Jami I. Messadi A-A [extubation failure in burns: inci-
dence, risk factors and prognosis]. Ann Burns Fire Disasters. 
2024;37:112–7.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1164/rccm.202009-3561OC
https://doi.org/10.1164/rccm.202009-3561OC
https://doi.org/10.1186/s40560-022-00635-2
https://doi.org/10.1186/s12871-024-02486-w
https://doi.org/10.1186/s12871-024-02486-w
https://doi.org/10.4103/0972-5229.40942

	The ability of diaphragmatic excursion after extubation to predict the need for resumption of ventilatory support in critically ill surgical patients
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Ultrasound measurement of DE
	Statistical analysis

	Results
	Discussion
	References




