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Background: The lung ultrasound score was developed for rapidly assessing the extent of lung ventilation, and it can predict failure 
to wean various types of patients off mechanical ventilation. Whether it is also effective for COVID-19 patients is unclear.
Methods: This single-center, prospective, observational study was conducted to assess the ability of the 12-region lung ultrasound 
score to predict failure to wean COVID-19 patients off ventilation. In parallel, we assessed whether right hemidiaphragmatic excursion 
or previously published predictors of weaning failure can apply to these patients. Predictive ability was assessed in terms of the area 
under the receiver operating characteristic curve (AUC).
Results: The mean age of the 35 patients in the study was (75 ± 9) years and 12 patients (37%) could not be weaned off mechanical 
ventilation. The lung ultrasound score predicted these failures with an AUC of 0.885 (95% CI 0.770–0.999, p < 0.001), and a threshold 
score of 10 provided specificity of 72.7% and sensitivity of 92.3%. AUCs were lower for previously published predictors of weaning 
failure, and right hemidiaphragmatic excursion did not differ significantly between the two groups.
Conclusion: The lung ultrasound score can accurately predict failure to wean critically ill COVID-19 patients off mechanical 
ventilation, whereas assessment of right hemidiaphragmatic excursion does not appear helpful in this regard.
Trial Registration: https://clinicaltrials.gov/ct2/show/NCT05706441.
Keywords: lung ultrasound score, diaphragmatic excursion, spontaneous breathing trial, weaning, COVID-19, critical care

Background
The COVID-19 pandemic substantially increased numbers of patients admitted to the intensive care unit for respiratory 
failure, especially in the elderly, where the mortality rate among such patients can exceed 30%.1,2 Many COVID-19 
patients require mechanical ventilation longer than 2–3 weeks.3 During the intensive care of these and other types of 
patients, clinicians face the difficult decision of whether to halt or continue mechanical ventilation: clinicians may prefer 
to continue it until the patient’s condition improves, but prolonged respiratory support increases risk of complications 
such as bacterial pneumonia and barotrauma with alveolar rupture, while occupying limited intensive care resources.4

Weaning off mechanical ventilation may fail for up to 20% of patients without COVID-19 or up to 40% of patients with 
COVID-19.5,6 Reliable prediction of which patients can or cannot be weaned off mechanical ventilation would help clinicians 
provide effective care and optimize the use of limited medical resources. Several predictors of weaning failure have been 
proposed, and perhaps the most widely used is the rapid shallow respiratory index (RSBI).7 RSBI was calculated as described by 
dividing breathing frequency by tidal volume. Others include the lung ultrasound score, which assesses pulmonary ventilation 
based on ultrasound images; and diaphragmatic excursion, in which the diaphragm is visualized through subcostal ultrasound.8,9 

These predictors were developed before the COVID-19 pandemic, and whether they apply to COVID-19 patients is unclear. The 
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RSBI, in particular, becomes less reliable for patients on prolonged mechanical ventilation, which is the situation for many 
critically ill COVID-19 patients.10

Here, we assessed whether the lung ultrasound score can reliably predict failure to wean COVID-19 patients off mechanical 
ventilation. We focused on this score because the pneumonia lesions in such patients can easily be monitored using ultrasound.11 

We also assessed the predictive ability of diaphragmatic excursion, respiratory rate, and shallow fast breathing index.

Methods
Patients
For this prospective observational trial, we enrolled patients who (1) were admitted between January 11, 2023, and March 30, 
2023, to the intensive care unit at our university-affiliated tertiary care medical center; (2) tested positive, at the time of admission, 
for the causative SARS-CoV-2 virus based on PCR analysis of nasopharyngeal or bronchoalveolar samples, alongside observed 
abnormalities like ground-glass shadows on chest computed tomography (Supplementary Figure S1); (3) were older than 18 
years; (4) required mechanical ventilation due to respiratory failure; and (5) were judged by the attending physician to be able to 
undergo a spontaneous breathing test because the causes of intubation had sufficiently improved or resolved. Patients were 
excluded if they had flail chest or rib fractures, neuromuscular disease, or stridor indicating upper airway involvement.

Spontaneous Breathing Test and Weaning
During the spontaneous breathing test, enrolled patients were subjected to a pressure support ventilation of 8 cmH2O and 
a small amount of applied PEEP (4 to 5 cmH2O), while maintaining the same fractional inspired oxygen as during 
mechanical ventilation, for a duration of 60 minutes. At 30 min after starting the test, ultrasound assessments were 
performed to enable determination of the lung ultrasound score and diaphragmatic excursion (see next section). All 
manipulations were done during spontaneous breathing of the patient. Blood gases were also analyzed.

Patients were considered to pass the spontaneous breathing test unless they showed one of the following: altered mental 
status, malaise, sweating, respiratory rate above 35 beats/minute, heart rate > 140 and/or systolic blood pressure > 180 or < 
90 mmHg, or obvious signs of extreme labor during breathing.12 Weaning failure was defined as failure in the spontaneous 
breathing test, or the need for non-invasive or mechanical ventilation or death within 48 h after passing the test.13

Attending physicians who were not involved in the study and who were unaware of ultrasound findings decided 
whether patients failed the spontaneous breathing test or required ventilation after passing the test.

Ultrasonography
All ultrasonography was performed by a trained researcher using an M9 system (Mindray, Shenzhen, Guangdong, China). For 
ultrasound imaging of the lung, patients were in the supine position with the head of the bed raised 10–15° and 12-region imaging 
was conducted (Supplementary Figure S2). In each hemithorax, the parasternal, anterior axillary, and posterior axillary lines were 
used to identify anterior, lateral and posterior areas, each of which was subdivided into upper and lower halves.14,15 A convex 3–5 
MHz probe was used to assess aeration loss in each intercostal space according to a four-point scale: 0 indicated normal aeration, 
defined as the presence of A lines and one or two isolated vertical B lines; 1 indicated moderate loss of lung ventilation, defined as 
multiple well-defined B1 lines; 2 indicated severe loss of lung ventilation, defined as multiple fused vertical B lines; and 3 
indicated alveolar consolidation (Supplementary Figure S3). For each region of interest, the worst score for aeration loss among 
the images was used, and the scores for all 12 regions were summed to obtain a total score (maximal possible: 36). Lung 
ultrasound imaging and calculation of the total score took 10–15 min.

For ultrasound imaging of the diaphragm, patients were in a semi-recumbent position with the head of the bed raised 
20–30°. The 3–5 MHz probe was placed on the mid-clavicular line below the right subcostal margin, and it was finely 
repositioned to optimize imaging of the posterior third of the right diaphragm. Imaging in M-mode was performed during 
tidal breathing such that diaphragmatic excursion could be visualized along a selected line perpendicular to the 
diaphragm. The excursion was defined as the distance from baseline on the vertical axis to the height at maximum 
inspiration during a breathing cycle (Supplementary Figure S4). The excursion was defined as the average from at least 
three measurements. Diaphragm imaging and calculation of excursion took 5–10 min.

https://doi.org/10.2147/CIA.S438714                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Clinical Interventions in Aging 2024:19 314

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=438714.docx
https://www.dovepress.com/get_supplementary_file.php?f=438714.docx
https://www.dovepress.com/get_supplementary_file.php?f=438714.docx
https://www.dovepress.com/get_supplementary_file.php?f=438714.docx
https://www.dovepress.com
https://www.dovepress.com


Data Collection
After admission to the intensive care unit and before the spontaneous breathing test, each patient underwent a standard medical 
examination, including medical history, acute physiology and chronic health evaluation II, determination of the sequential 
organ failure assessment score and assays of procalcitonin, interleukin (IL)-6 and cardiac troponin in plasma. Either troponin 
I or high-sensitivity troponin T was assayed because both reflect myocardial damage, which was defined here as a level above 
the 99th percentile reference limit.16 Data were also collected on respiratory rate, tidal volume, and fractional inspired oxygen 
as determined by the ventilator. RSBI was calculated as described.17 Durations of mechanical ventilation were recorded.

Sample Size
We speculated a weaning failure rate of 35% based on previous studies, and we defined a minimal acceptable area under the 
receiver operator characteristic curve (AUC) to be 0.80 for predicting failure.18 Based on a type I error rate of 0.10 and power 
of 0.9, we calculated a minimal sample of 31 patients, which we increased to 35 to allow for up to 10% loss to follow-up.

Statistical Analysis
Continuous data were presented as mean ± standard deviation (SD) if normally distributed, or as median and interquartile 
range (IQR) if skewed. Categorical data were reported as absolute or relative frequencies (%). Intergroup differences in 
continuous data were assessed for significance using unpaired Student’s t, Mann–Whitney, or paired Wilcoxon tests. 
Intergroup differences in categorical data were assessed using chi-squared or Fisher’s exact tests.

The predictive accuracy of the lung ultrasound score, respiratory rate or RSBI was assessed in terms of AUCs. The 
optimal cut-off values were determined using Youden’s index, then the corresponding sensitivity, specificity and other 
indicators of diagnostic performance were calculated. In addition to assessing predictive performance using a point cut- 
off, we estimated likelihood ratios using inconclusive limits, with ratios >10 or <0.2 defined as clinically valuable.19

Factors associated with weaning failure were identified using Spearman’s rank correlation. Elements with p < 0.05 in 
the significance variables of univariate analysis were included in multivariate logistic regression analysis.

SPSS 20.0 (IBM, Armonk, NY, USA) software was used for statistical analysis, and GraphPad Prism 9 (San Diego, 
CA, USA) was used for graphing. Results with p < 0.05 were considered significant.

Results
Of the 39 patients initially screened for enrollment, 35 were included in the study (Figure 1). All patients completed 
ultrasound imaging of the lung, but seven did not complete imaging of the diaphragm because they were unable to 
cooperate during the operation (2 patients) or they had abdominal distension (5 patients). The minimum age of the 

Figure 1 Flowchart of patient enrollment and outcomes. Map was created using WPS Office 3 (Kingsoft Corporation, Beijing, China). 
Abbreviations: MV, mechanical ventilation; SBT, spontaneous breathing test.
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patients was 60 years, and the mean age was 75 ± 9 years (Table 1). Median duration of mechanical ventilation until the 
spontaneous breathing test was 14 days (IQR 9, 21 days) (Table 2).

Among the 35 patients, 13 could not be weaned off mechanical ventilation: five of those patients failed the 
spontaneous breathing test because of tachypnea or evident dyspnea, and the remaining eight passed the breathing test 

Table 1 Clinicodemographic Characteristics of Study Participants, Stratified by Whether They 
Were Weaned off Mechanical Ventilation

Characteristic All (N = 35) Weaning p

Success (n = 22) Failure (n=13)

Age (years) 75.3 ± 9.3 74.7 ± 9.3 76.4 ± 9.6 0.621

Male (%) 18 (51.4) 12 (54.5) 6 (46.2) 0.897

Body mass index (kg/m2) 23.6 ± 4.3 24.0 ± 3.5 22.9 ± 5.5 0.537
Tracheotomy 13 (37.1) 8 (38.1) 5 (35.7) 0.886

Comorbidities

Hypertension 17 (48.5) 13 (59.1) 4 (30.7) 0.102
Diabetes 9 (25.7) 7 (31.8) 2 (15.4) 0.431

Coronary artery disease 4 (11.4) 2 (9.1) 2 (15.4) 0.618

Cancer 7 (20.0) 5 (22.7) 2 (15.4) 0.689
COPD 5 (14.3) 3 (13.6) 2 (15.4) 1.000

APACHE II 18 (16–21) 18 (16–21) 19 (17–21) 0.533

SOFA 6.0 (6.0–8.0) 6.5 (5.0–8.0) 6.0 (6.0–8.0) 0.775
Myocardial damage 10 (28.6) 7 (31.8) 3 (23.1) 0.709

Interleukin-6 (pg/mL) 55.9 (19.5–141.5) 56.4 (17.9–153.0) 52.4 (21.1–122.0) 0.775

Procalcitonin (ng/mL) 0.33 (0.12–1.01) 0.45 (0.13–1.01) 0.29 (0.10–1.01) 0.319

Note: Data are mean ± SD, median (interquartile range) or n (%), unless otherwise noted. 
Abbreviations: APACHE II, acute physiology and chronic health evaluation; COPD, chronic obstructive pulmonary disease; 
SOFA, sequential organ failure assessment.

Table 2 Clinical and Spirometric Characteristics of the Overall Population and of Successfully and Unsuccessfully 
Weaned Patients

Characteristic All (n=35) Weaning p

Success (n=22) Failure (n=13)

Prior to SBT

IL-6(pg/mL) 25.4(11.8–39.7) 19.5(8.6–30.7) 37.0(13.1–60.0) 0.057
Procalcitonin (ng/mL) 0.23(0.11–0.44) 0.13(0.10–0.37) 0.39(0.24–1.29) 0.018
Myocardial damage 8(22.9) 4(30.8) 4(18.2) 0.433
SOFA 4(3–5) 4(3–5) 5(4–6) 0.098

SBT ventilatory parameters

FiO2(%) 40(35–40) 40(35–40) 40(35–45) 0.243
VT (mL/kg) 5.8(5.2–7.2) 6.1(5.3–7.1) 5.7(5.1–7.4) 0.578

RR (bpm) 21(20–25) 20(20–22) 28(20–30) 0.034
RSBI (breath/min/l) 59.4±17.2 52.7±11.3 70.8±19.6 0.007

SBT blood gas parameter

PH 7.45(7.40–7.47) 7.45(7.43–7.47) 7.44(7.35–7.48) 0.489

PO2(mmHg) 91.6(75.7–101.1) 92.4(76.8–98.1) 85.0(74.3–104.0) 0.287
PCO2(mmHg) 36.4(32.5–43.3) 37.4(33.7–42.3) 35.1(31.5–48.8) 0.724

SO2 (%) 97.9(96.4–98.9) 98.1(96.9–98.9) 96.6(95.6–98.6) 0.353

PaO2/FiO2 (mmHg) 229.8(192.9–312.4) 238.0(215.7–322.3) 212.5(165–302.5) 0.106

(Continued)
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but had to resume mechanical ventilation within 48 h due to hemodynamic instability (2 patients) or progressive dyspnea 
(6 patients).

Compared to patients who could be weaned off mechanical ventilation, those who failed showed the following 
significant differences: higher procalcitonin level, higher lung ultrasound score, higher respiratory rate, and higher RSBI 
(Table 2). In contrast, diaphragmatic excursion did not differ significantly between the two groups.

Lung ultrasound score gave the best AUC for predicting weaning failure AUC 0.885, 95% CI 0.770–0.999), followed 
by RSBI (AUC 0.787, 95% CI 0.623, 0.950) and finally respiratory rate (AUC 0.715, 95% CI 0.514, 0.916) (Figure 2A, 
Table 3). A cut-off lung ultrasound score of 10 gave sensitivity of 92.3% and specificity of 72.7%. To assess predictive 
ability more comprehensively than with a point cut-off, we estimated inconclusive limits as described.19 Lung ultrasound 
scores >14 emerged as highly specific for predicting weaning failure, while scores <10 were highly sensitive for 
excluding weaning failure (Table 4, Figure 2B). The corresponding analysis of respiratory rate and RSBI led to likelihood 
ratios that were not clinically valuable (Supplementary Table S1).

Table 2 (Continued). 

Characteristic All (n=35) Weaning p

Success (n=22) Failure (n=13)

Base excess (mmol/l) 3.0(1.1–4.7) 3.1(1.2–4.7) 3.0(1.0–4.9) 0.853

Lactates (mmol/l) 1.91±0.83 1.93±0.81 1.87±0.73 0.828
Potassium (mmol/l) 3.7(3.5–4.1) 3.77(3.5–4.1) 3.6(3.5–4.1) 0.933

Sodium (mmol/l) 140.6(135.0–147.0) 139.8(135.0–147.0) 141.0(138.0–148.0) 0.448

Chloride (mmol/l) 109.0(103.5–112.5) 107.1(103.1–112.0) 112.0(106.0–118.0) 0.287
SBT LUS 10.0(5.5–15.0) 8(4–12) 15(12–18) <0.001
SBT DE (mm) 15.7(12.8–18.6)† 16.3(13.9–17.6) 14.6(11.4–20.3) 0.698

Length of MV until SBT (days) 14(8.5–20.5) 13(9–22) 14(8–16) 0.933

Notes: Qualitative data are n (%), quantitative data of normal distribution are mean ± SD and skewed distribution are median (IQR). †7 patients did 
not complete the measurement of diaphragm mobility, of which 6 were in the weaning success group and 1 were in the weaning failure group. The 
bold indicates p-values <0.05. 
Abbreviations: IL-6, interleukin-6; SOFA, sequential organ failure assessment; SBT, spontaneous breathing trial; FiO2, fraction of inspired oxygen; 
VT, tidal volume; MV, mechanical ventilation; RR, respiratory rate; RSBI, rapid shallow breathing index; PH, potential of hydrogen; PO2, partial 
pressure of oxygen; PCO2, partial pressure of carbon dioxide; SO2, oxygen saturation; LUS, lung ultrasound score; DE, diaphragm mobility.

Figure 2 Area under the curve of the predictive index and inconclusive limits. (A) Receiver operating characteristic curves to assess the ability of lung ultrasound score 
(LUS), respiratory rate (RR) or rapid shallow breathing index (RSBI) to predict weaning failure. The curves were generated by Prism 9 software and used to determine the 
AUC (area under the curve) for each predictor. (B) Inconclusive limits on the ability of lung ultrasound score to predict weaning failure. Limits were calculated as described 
in Ray et al.19 Map was created using Prism 9 software.
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As a potential alternative to the 12-region lung ultrasound score, we explored the predictive ability of an 8-region 
score calculated by summing the subscores for the anterior chest and lateral thoracic regions. We obtained an AUC of 
0.832 (p < 0.001, Supplementary Figure S5).

Univariate analysis identified lung ultrasound score, respiratory rate and RSBI as significantly associated with 
weaning failure (Table 2), but multivariate regression identified lung ultrasound score as the only independent predictor 
(Table 5). The same result was obtained whether we included RSBI or respiratory rate in the multivariate model. We did 
not include the two together in one model because they correlated with each other (r = 0.79, p < 0.001; Supplementary 
Figure S6).

Discussion
In this prospective study focusing on critically ill mechanically ventilated patients afflicted with COVID-19, a striking 
demographic trend emerged – all our study participants were aged 60 years or older. This unforeseen but notable skew 

Table 3 Performance of Different Indicators in Predicting Weaning Failure

Indicator AUC (95% CI) p Se, Sp (Cut-off) Youden Index PPV NPV Likelihood Ratio

Positive Negative

LUS 0.885 (0.770, 0.999) < 0.001 0.923, 0.727 (≥ 10) 0.65 66.7 94.1 3.4 0.1

RSBI 0.787 (0.623, 0.950) 0.005 0.846, 0.636 (≥ 55) 0.20 57.9 87.5 2.3 0.2
RR 0.715 (0.514, 0.916) 0.036 0.615, 0.909 (> 24) 0.52 80.0 80.0 6.8 0.4

Abbreviations: AUC, area under the receiver operating characteristic curve; LUS, lung ultrasound score; NPV, negative predictive value; PPV, positive predictive value; 
RR, respiratory rate; RSBI, rapid shallow breathing index; Se, sensitivity; Sp, specificity.

Table 4 Likelihood Ratios Describing the Ability of Different Ranges of the Lung Ultrasound Score 
to Predict Weaning Failure

Score Range No. of Patients Correctly  
Predicted to Experience

Likelihood  
Ratio

95% CI Risk

Weaning  
Failure (n=13)

Weaning  
Success (n=22)

< 10 1 16 0.1 0.02–0.70 Low

10–14 3 5 1.0 0.29–1.38 Basal
> 14 9 1 15.2 2.16–106.93 High

Abbreviation: CI, confidence interval.

Table 5 Multiple Logistic Regression to Identify Independent 
Predictors of Weaning Failure

Factor OR 95% CI p

Regression 1
Respiratory rate 1.28 1.026–1.604 0.097

Lung ultrasound score 1.22 0.964–1.550 0.029
Procalcitonin 1.49 0.476–4.634 0.496
Regression 2
RSBI 1.31 0.992–1.190 0.074

Lung ultrasound score 1.33 1.065–1.657 0.012
Procalcitonin 1.09 0.407–4.179 0.654

Note: The bold indicates p-values <0.05. 
Abbreviations: CI, confidence interval; OR, odds ratio; RSBI, rapid shallow breathing 
index.
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towards an older demographic was accompanied by a high prevalence of comorbidities, particularly hypertension, which 
was observed in approximately half of our patients (48.5%). This observation is consistent with a large body of literature 
that agrees that advanced age is an important risk factor for adverse COVID-19 outcomes.3,20 Older adults are known to 
undergo age-related changes in immune function, as well as a higher prevalence of comorbidities, which makes them 
more susceptible to the severe effects of the virus.21

Consistent with previous literature, our study reports a very high weaning failure rate of 37%.6,18 Our study suggests 
that calculating the lung ultrasound score after 30 min of spontaneous breathing can accurately predict whether 
a critically ill COVID-19 patient is ready to be weaned or not off mechanical ventilation. Two other previously published 
predictors of weaning failure, respiratory rate and RSBI, did not perform as well as lung ultrasound score. Diaphragmatic 
excursion was not useful for predicting weaning failure in our cohort, though this result should be interpreted carefully 
given that we were able to measure it in only 28 patients.

In our sample, the best cut-off value for lung ultrasound scores to predict unsuccessful weaning was ≥10, which is 
comparable to previous studies in elderly intensive care patients without COVID-19.22,23 Nevertheless, the cut-off of 10 
in our study is lower than that of 13 in one of those studies,23 perhaps reflecting the greater mean age in our sample (75 
vs 60 years) and, therefore, age-related reductions in rib mobility and volume per breath,24 lung elasticity and alveolar 
surface area,25 angiogenesis and vascular elasticity,26,27 as well as ATP production and energy reserves.28 It may also 
reflect pulmonary damage due to SARS-CoV-2.29,30 Furthermore, our study revealed that a lung ultrasound score of less 
than 10 indicates a significantly low risk of weaning failure, whereas scores exceeding 14 suggest a considerably high 
risk. Thus, we recommend that patients with a lung ultrasound score greater than 14 receive extended mechanical 
ventilation. Thille et al31 demonstrated the efficacy of prophylactic noninvasive mechanical ventilation post-extubation in 
reducing failure rates among high-risk non-COVID-19 patients. This finding has been recently corroborated by a network 
meta-analysis.32 Considering the heightened risk of weaning failure indicated by high LUS in COVID-19 patients, 
exploring the prophylactic use of noninvasive mechanical ventilation may be beneficial.

Transthoracic lung ultrasonography is reliable, accurate and non-invasive, and it can easily be performed at the 
bedside, giving it numerous advantages over traditional radiological methods for assessing lung ventilation.33 However, 
ultrasound has its inherent limitations. Assessing obese patients presents challenges due to the thickness of subcutaneous 
tissue in the rib cage. The presence of subcutaneous emphysema or extensive chest dressings can preclude the 
transmission of ultrasound beams to the lungs. Although the accuracy of ultrasonography depends on the operator’s 
proficiency and experience, lung ultrasonography can be performed accurately even by residents after approximately 25 
supervised measurements.34 In addition, our analysis suggests that the 8-region lung ultrasound score may provide 
a reasonable alternative to the 12-region score for patients who are difficult to move.

In contrast to lung ultrasonography, diaphragmatic ultrasound using the anterior subcostal approach did not reveal 
useful differences that could help predict weaning failure in our critically ill COVID-19 patients. In addition, the 
necessary imaging could not be performed in several of our patients because of abdominal distention. This may reflect 
that all patients received enteral nutrition, consistent with international guidelines,35 and such nutrition can cause 
abdominal distension in two-thirds of critically ill COVID-19 patients.36 This distention may reflect direct gastrointest-
inal effects of SARS-CoV-2 and gastrointestinal dyskinesia due to heavy use of sedatives and prolonged mechanical 
ventilation.37,38

Two patients in our study developed diaphragmatic paralysis, which has been associated with longer weaning times 
and higher rates of weaning failure.8 The two patients in our study had 12-region lung ultrasound scores of 15 and 17, 
and both failed to be weaned during the study.

Our study found RSBI to exhibit inadequate predictive performance and therefore it should not be used as a stand- 
alone test in COVID-19 patients. Rather surprisingly, in our patients with failed weaning, the RSBI (55 breaths/min/L) 
was significantly lower than the threshold of 105 reported by Yang and Tobin in their original study predicting weaning 
failure.39 However, this is not an isolated occurrence, as one meta-analysis reported diverse predictive values for RSBI, 
likely attributed to differences in study methods, outcome classifications, and patient populations.7

In our cohort, the inflammatory parameter procalcitonin was significantly higher among patients who failed to be 
weaned than among those who were weaned, consistent with a previous study linking higher procalcitonin to more severe 
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COVID-19.40 However, procalcitonin level did not predict weaning failure in our multivariate analysis. IL-6, whose 
elevation has been linked to more severe COVID-19 and worse outcomes,41 did not differ significantly between our 
patients who failed to be weaned and those who were weaned. Thus, our findings are not entirely consistent with previous 
reports that markers of infection and inflammation are also associated with weaning success.42,43 This may reflect our 
small sample. Further research is needed to clarify the association of inflammatory markers with weaning outcomes in 
COVID-19 patients. For example, studies should clarify whether elevated procalcitonin is part of an inflammatory 
syndrome associated with COVID-19, or it indicates concurrent bacterial infection requiring antibiotic therapy.44

Our results should be generalized carefully in light of the characteristics of our cohort. Just over one-third of patients 
underwent tracheostomy, which is recommended for patients requiring long-term mechanical ventilation.45 Rate of 
weaning failure did not differ significantly between patients who underwent tracheostomy or not (Table 1). 
Furthermore, the inclusion of patients with tracheal intubation and tracheotomy enhances the generalizability and 
external validity of our study findings. As these interventions are integral to the management of severe COVID-19 
cases, omitting them from the study could limit the applicability of our conclusions to the broader patient population. 
Whether our findings are also applicable to younger COVID-19 critically ill patients remains needs to be explored. 
Indeed, our findings should be validated on a larger scale, preferably in a multisite population.

Future work should also assess cardiac function during the spontaneous breathing test. Since some weaning failures 
among COVID-19 patients are due to acute heart failure rather than respiratory failure, studies should explore whether 
combining cardiac function with lung ultrasonography improves prediction of weaning failure.

Conclusion
Our study not only advances our understanding of age-related vulnerabilities in the face of COVID-19 but also 
underscores the potential of lung ultrasound as a pivotal tool in guiding the weaning process for critically ill elderly 
patients. In our cohort, scores <10 predicted successful weaning, while scores >14 predicted failure. Our data suggest 
that measurement of diaphragmatic excursion is of limited usefulness for predicting weaning failure among these 
patients.

Abbreviations
AUC, Area under the curves; COVID-19, Coronavirus disease 2019; IL-6, Interleukin-6; RSBI, Rapid shallow breathing 
index.
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