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and predict the success of mechanical ventilation weaning in 
elderly patients

Daozheng Huang1,2*, Huan Ma1*, Wenzhao Zhong3, Xiaoting Wang4, Yan Wu2, Tiehe Qin2, Shouhong 
Wang2, Ning Tan1

1Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong General Hospital, Guangdong Academy of Medical Sciences, 

Guangzhou 510080, China; 2Department of Critical Care Medicine, Guangdong Geriatric Institute, Guangdong General Hospital, Guangdong 

Academy of Medical Sciences, Guangzhou 510080, China; 3Guangdong Lung Cancer Institute, Guangdong General Hospital and Guangdong 

Academy of Medical Sciences, Guangzhou 510080, China; 4Department of Critical Care Medicine, Peking Union Medical College Hospital, Peking 

Union Medical College, Chinese Academy of Medical Sciences, Beijing 100730, China

Contributions: (I) Conception and design: D Huang, H Ma; (II) Administrative support: T Qin, N Tan; (III) Provision of study materials or patients: 

S Wang, Y Wu; (IV) Collection and assembly of data: D Huang, S Wang; (V) Data analysis and interpretation: W Zhong, X Wang; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Tiehe Qin; Shouhong Wang. Department of Critical Care Medicine, Guangdong Geriatric Institute, Guangdong General Hospital, 

Guangdong Academy of Medical Sciences, Guangzhou 510080, China. Email: huang1huang2@163.com; Email: mina0511@hotmail.com; Ning 

Tan. Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong General Hospital, Guangdong Academy of Medical Sciences, 

Guangzhou 510080, China. Email: tanning100@126.com.

Background: Ultrasonography (US) is a non-invasive and commonly available bedside diagnostic tool. The 
aim of this study was to assess the utility of M-mode US on ventilator weaning outcomes in elderly patients. 
Methods: This was a single center, prospective, observational study in patients aged 80 years or older who 
were in the medical intensive care unit, had undergone mechanical ventilation for >48 hours, and met the 
criteria for a spontaneous breathing trial (SBT). For 30 minutes at the start of SBT, each hemi-diaphragmatic 
movement and the velocity of contraction were evaluated by M-mode US. The the area under the receiver 
operating characteristic curve (AUROC) was calculated to determine the ability for measured variables to 
predict successful ventilator weaning.
Results: Forty patients were enrolled and assessed, grouped by those who had US-diagnosed diaphragm 
dysfunction (DD; 30/40; 75%) and those who did not (10/40; 25%). Patients with DD had a significantly 
longer total mechanical ventilation duration (536.4±377.05 vs. 250±109.02 hours, P=0.02) and weaning time 
(425.9±268.31 vs. 216.0±134.22 hours, P=0.002) than patients without DD. Patients with DD also had a higher 
incidence of weaning failure than patients without DD (24/30 vs. 4/10, P=0.017). Analysis of the receiver 
operating characteristic (ROC) curve (ROC) curve showed that the optimal cut-off values to predict weaning 
success were >10.7 mm for the right diaphragmatic movement, and >21.32 mm/s for the right diaphragmatic 
velocity of contraction; AUROC were 0.839 (95% CI, 0.689–0.936) and 0.833 (95% CI, 0.682–0.932), 
respectively. The sensitivity, specificity, positive and negative likelihood ratios for predicting weaning success 
were 83.33% vs. 66.67%, 75.00% vs. 92.86%, 3.33 vs. 9.33, and 0.22 vs. 0.36, for right diaphragmatic 
movement and diaphragmatic contraction velocity, respectively. 
Conclusions: When assessed by M-mode US, DD appeared to be common in ventilated patients aged 
80 years or older and was associated with a higher incidence of weaning failure. Larger right diaphragmatic 
movements or faster right diaphragmatic contraction velocity appeared to be good predictors of mechanical 
ventilation weaning success in elderly patients. 
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Introduction

It has been estimated that 20–40% of patients who receive 
mechanical ventilation have difficulties when trying to 
weaning off breathing support (1-3). Animal experiments (4)  
suggest that control ventilation is more likely to cause 
diaphragmatic function decline in elderly rats. Whether 
this conclusion is applicable to elderly ventilated patients, and 
thereby affecting weaning outcomes, is poorly understood 
at present. Weaning from mechanical ventilation can be 
a long process, which account for about 40% of the total 
time receiving mechanical ventilation (5). One cause for 
weaning failure is diaphragmatic dysfunction (DD). As we 
know diaphragm is susceptible to infection, hypotension, 
hypoxia, hyperglycemia and all of which are particularly 
common among patients residing in intensive care units 
(ICU) (6,7). Furthermore, mechanical ventilation can itself 
lead to ventilator-induced diaphragmatic dysfunction (VIDD) 
(8,9). As a result, DD is a common occurrence in critically ill 
patients (10-15). However, data regarding the relationship 
between DD and mechanical ventilation weaning failure in 
patients are scarce (16). In our clinical experience, we observed 
that elderly patients who receive mechanical ventilation are 
particularly at risk of DD. However, the prevalence of DD 
and the association between DD and mechanical ventilation 
weaning failure in elderly patients is not yet clear.

Ultrasonography (US) is a non-invasive, easy to perform 
and bedside diagnosis tool for ICU clinician (17-19). The 
aim of this study was to evaluate diaphragmatic function 
measured by US and it’s predicting weaning from 
mechanical ventilation in elderly patients in the ICU. 
In this purpose, we enrolled patients more than 80 years 
old on the day of their first spontaneous breathing trial 
(SBT). Diaphragm function was assessed by M-mode US, 
diaphragmatic movements and diaphragmatic velocity of 
contraction were used to evaluate diaphragm function.

Methods

Subjects

This prospective, single-center, observational study was 
conducted at the medical ICU of Guangdong Geriatric 

Institute, a national large center of gerontology integrating 
clinical treatment, health care, and scientific research in 
South China. The study protocol was approved by the 
institutional ethics committee, and written informed 
consent was obtained from each patient’s family. 

Patients were included when they met all of the following 
criteria: aged ≥80 years, received mechanical ventilation for 
>48 hours, suitable for an SBT , minimal doses of sedative 
and analgesic drugs were allowed but the patient must have 
been easily arousable (Ramsay score 3–4), muscle-paralyzing 
agents should have been discontinued ≥2 days before 
study entry, and aminoglycosides were not allowed. The 
exclusion criteria were as follows: patients with a history of 
neuromuscular diseases (myasthenia gravis, Guillain-Barre 
syndrome and amyotrophic lateral sclerosis), diaphragmatic 
paralysis, cervical injury, pneumothorax or mediastinal 
emphysema, and if the patient has a poor echogenicity or 
who were unable to tolerate US. The study flow was seen in 
Figure 1.

SBT

The readiness criteria for patients starting SBT include 
as follows:  the patients’  respiratory rate ≥10 and  
≤35 breaths/min, PaO2/FiO2 ratio was ≥150, with a positive 
end-expiratory pressure (PEEP) <5 cm H2O, FiO2 <50%, 
and pH value >7.25. Patients with chronic obstructive 
pulmonary disease (COPD) were required to have a pH 
>7.30, PaO2 >50 mmHg, and hemodynamic stability in the 
absence of vasopressors. 

The SBT was conducted while the patients were 
connected to an independent source of oxygen (T-piece). 
In case of one of the following situations, the SBT was 
considered as a failure: SBRI >105, respiratory rate <10 and 
>35 breaths/min，heart rate >140 beats/min or changed 
<20% compared with the baseline or the onset of new 
arrhythm, tidal volume <4 mL/kg, SaO2 <90%.

Minimal ventilator settings [pressure support (PS) of 
5–7 and 3–5 cmH2O PEEP] were allowed to overcome the 
increased work of breathing through the circuit. The initial 
SBT lasted a minimum of 30 minutes, up to a maximum 
of 120 minutes. If it is not clear that the patient had passed 
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after 120 minutes, the SBT was considered a failure. 

US

The patient’s rapid shallow breathing index (RSBI) was 
calculated at the bedside before SBT. RSBI = respiratory 
rate (breaths/min)/Tidal volume (L). During the first  
30 minutes of SBT, each hemidiaphragm was evaluated 
using M-mode US performed by a well-trained expert 
using an EPIQ5 machine (Philips, Holland) connected to 
a 1–5 MHz curved array probe. Patients were in the semi-
recumbent position. US was discontinued if the patient 
exhibited any signs of breathing fatigue. 

Diaphragm movements were measured as previously 
described (20). Briefly, the two-dimensional mode was 
used to find the best approach and to select the exploration 
line of each hemi-diaphragm. During respiration and with 
the probe on the chest wall, the US beam was directed 
to the hemi-diaphragmatic domes at an angle of not 
<70° (9). Diaphragm contraction during inspiration was 
observed as an upward motion of the M-mode tracing. 
The diaphragmatic movement was measured on the 
vertical axis of the tracing, from the baseline to the point 
of maximum height of inspiration on the graph. The time 
of diaphragmatic contraction was defined as the difference 
between the beginning of inspiration and when the peak was 
reached during a quiet breath (21). Diaphragmatic velocity 
of contraction (mm/s) was calculated as diaphragmatic 
movement (mm) divided by the duration of diaphragmatic 

contraction (s). Six measurements were averaged for each 
side. All measurements were collected within 5 minutes and 
were performed during resting breathing, excluding smaller 
or deeper breaths. 

Outcomes 

DD was diagnosed if an excursion was <10 mm or negative, 
with negative indicating a paradoxical diaphragmatic 
movement (20,22-24). Patients were divided according to 
US findings into those experiencing DD and those without 
DD. All examinations were analyzed in a blinded manner.

Weaning was considered successful if the patient could 
maintain spontaneous breathing for ≥48 hours with no need 
for any level of ventilator support after extubation. Weaning 
after the SBT was achieved by the support of high-flow 
nasal cannulae (HFNC). Attending physicians were blind to 
the US results.

Weaning outcomes were as follows: weaning failure (y/n), 
weaning time (hours; time spent receiving partial support 
i.e., PS or continuous positive airway pressure, minus 
the full support period i.e., including volume-controlled 
or pressure-controlled support), and total mechanical 
ventilation time (hours). Factors which are known to affect 
weaning outcome were noted e.g., underlying diseases 
such as diabetes mellitus, COPD, acute respiratory 
distress syndrome, time to the SBT, and relevant blood 
biochemistry findings. The sensitivity, specificity, positive 
and negative likelihood ratios of DD in predicting the 
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Figure 1 Patients study flow. DD, diaphragmatic dysfunction.
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outcome of weaning was calculated and compared with that 
of RSBI. 

Statistical analysis

Averaged data were expressed as mean ± standard deviation 
(SD) or median and interquartile range for continuous 
variables and as absolute or relative frequencies for 
categorical variables. Independent sample t-test or Mann-
Whitney U tests were used to compare continuous variables 
and chi-square test or Fisher’s exact tests were used for 
categorical variables. Receiver operating characteristic 
(ROC) curve analysis was performed to determine the 
diagnostic efficacy of ultrasonographic DD and of RSBI for 
predicting weaning failure. All data was handled in SPSS 
19.0 and P<0.05 was considered significant.

Results

In total, 43 consecutive Chinese patients were enrolled 
but three were later excluded from the study due to poor 
US imaging quality between January 2015 and June 2015. 
Of the 40 remaining patients, the overall mean age was 
84.25±7.07 years, and 29 (72.5%) were male (Table 1). 
US-defined DD was present in 30/40 patients (75.0%); 
as unilateral in 26 (right DD in nine, left DD in 17), and 
bilateral in four. Demographic factors, comorbidity, and 
laboratory findings did not differ significantly between the 
DD and non-DD groups, except for COPD, which was 
more prevalent in the DD group (P=0.028; Table 1).

Mean diaphragmatic movements (both sides; mm) and 
left diaphragmatic velocity of contraction (mm/s) were 
significantly lower among patients of the DD group, as 
compared with the non-DD group. Mean diaphragmatic 
movements were 10.67±5.9 mm in the right and 9.32±3.54 mm  
in the left diaphragm of the DD group, compared with 
11.99±1.75 and 16.62±4.96 mm in the non-DD group, 
respectively (Table 2). Mean left diaphragmatic velocity of 
contraction was 10.94±6.67 mm in the DD group compared 
with 22.39±4.58 in the non-DD group, with no significant 
differences in the right sides (Table 2). RSBI before the 
SBT did not differ significantly between the DD and non-
DD groups (61.1±10.39 vs. 64.27±19.1, P=0.634; Table 1). 
Weaning time (mean: 536.4±377.05 vs.250±109.02 hours, 
respectively, P=0.02) and total mechanical ventilation time 
(mean: 425.9±268.31 vs. 216.0±134.22 hours, respectively, 
P=0.002) were significantly longer in the DD group than in 
the non-DD group (Table 2). Furthermore, the DD group 

showed higher incidence of weaning failure than in the 
non-DD group. (80.0% vs. 40.0% P=0.017; Table 2) There 
was no significantly difference in ICU and hospital lengths 
of stay, 28-day mortality between two groups. Among 
all patients, the overall incidence of weaning failure was 
70.0% (28/40). For the 12 patients with weaning success, 
7 patients had unilateral DD, and 2 patients exhibited high 
contralateral diaphragmatic activity (29.0 mm and 31.2 mm),  
and a fast diaphragmatic contraction rate. 

The best cut-off values for weaning success were 
calculated for diaphragmatic movement, diaphragmatic 
velocity of conduction and RSBI, and were significant by 
area under the curve. We performed a ROC curve analysis 
to assess the predictive value of these variables. The 
right diaphragmatic movement exhibited high diagnostic 
values (Table 3) with the the area under the receiver 
operating characteristic curve (AUROC) of 0.839 (95% 
CI, 0.689–0.936). The sensitivity, specificity for predicting 
weaning success were 83.33% and 75%, the positive and 
negative likelihood ratios were 3.33 and 0.22. The right 
diaphragmatic velocity of contraction also exhibited high 
diagnostic values (Table 3) with the AUROC of 0.833 (95% 
CI, 0.682–0.932). The sensitivity, specificity for predicting 
weaning success were 66.67% and 92.86%, the positive and 
negative likelihood ratios were 9.33 and 0.36. However, 
both the left diaphragmatic movement and diaphragmatic 
velocity of contraction showed poor diagnostic value.

Notably, the predictive values of these two parameters 
were higher than for RSBI (Table 3). 

We further examined if a combination of several 
parameters could provide enhanced predictive power 
(Figures 2-5). However, predictive capacity was highest 
when variables were assessed individually. 

Discussion

There is an increasing demand for mechanical ventilation 
to support the care of those who find themselves critically 
ill, including amongst elderly patients (25). It is therefore 
important to consider the factors that affect and predict the 
success of ventilator weaning. The diaphragm is vital for 
the control of breathing. Critically ill patients, in particular 
those receiving mechanical ventilation, often experience 
DD (10,13), which can make it harder for them to achieve 
successful ventilator weaning. As elderly patients can have 
high levels of comorbidity, and experience high incidence of 
DD, it is particularly important to investigate the relationship 
between DD and weaning in this patient group. In this 
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Table 1 Baseline demographics and clinical characteristics

Variables DD group (n=30) Non-DD group (n=10) All patients (n=40) P

Demographics

Male/female 20/10 9/1 29/11 0.233 

Age, years 83.7±7.73 85.9±4.46 84.25±7.07 0.401 

Clinical characteristics at enrollment

BMI (kg/m2) 20.72±2.55 19.81±2.2 20.24±2.58 0.141 

Comorbidities, n patients diagnosed

COPD 19 (63.3) 2 (20.0) 21 (52.5) 0.028 

ARDS 9 (30.0) 2 (20.0) 11 (27.5) 0.696 

Hypertension 28 (93.3) 9 (90.0) 37 (92.5) 1.000 

Diabetes mellitus 10 (33.3) 6 (60.0) 16 (40.0) 0.159 

Coronary heart disease 7 (23.3) 6 (60.0) 13 (32.5) 0.052 

Lung function variables

Pleural effusion 11 (36.7) 3 (30.0) 14 (35.0) 1.000 

pH 7.41±0.06 7.41±0.04 7.41±0.05 0.973 

PaO2 96.94±25.51 108.93±29.69 99.94±26.74 0.259 

PaCO2 43.2±7.86 40.72±3.32 42.58±7.05 0.770 

PaO2/FiO2 ratio 235.7±69.91 260.5±48.97 241.9±65.62 0.167 

RSBI 61.1±10.39 64.27±19.1 61.89±12.9 0.634

Blood variables

NT-pro BNP 2,057.66±3,609.66 685.3±377.8 1,714.57±3,175.51 0.131 

Creatinine 138.38±148.3 102.84±52.76 129.5±131.3 0.842 

Sodium 139.07±3.45 138.49±2.18 138.93±3.16 0.620 

Potassium 3.96±0.58 3.92±0.35 3.95±0.53 0.855 

Calcium 2.08±0.17 1.99±0.16 2.06±0.17 0.163 

Magnesium 0.97±0.13 1.04±0.22 0.99±0.17 0.236 

Phosphorus 1.04±0.23 1.15±0.27 1.07±0.24 0.188 

Intensive care unit disease severity scoring

APACHE II 22.17±3.35 20.1±4.04 21.65±3.6 0.117 

SOFA 7.1±1.45 6.2±1.14 6.88±1.42 0.082 

Values are expressed as mean ± SD; P values from a t-test or chi-square test. COPD is a lung disease characterized by chronic 
obstruction of lung airflow that interferes with normal breathing and is not fully reversible. All patients were diagnosed with pulmonary 
function tests. The diagnosis of ARDS met the Berlin diagnostic criteria. Hypertension: abnormally high arterial blood pressure that is 
usually indicated by an adult systolic blood pressure of 140 mmHg or greater or a diastolic blood pressure of 90 mmHg or greater. The 
diagnosis of diabetes mellitus met 2015 ADA diabetes diagnostic criteria. APACHE II, Acute Physiology and Chronic Health Evaluation II 
score; ARDS, Acute respiratory distress syndrome; BMI, body mass index = weight (kg)/height (m)2; COPD, chronic obstructive pulmonary 
disease; DD, diaphragm dysfunction; RSBI, rapid shallow breathing index; SOFA, sepsis-related organ failure assessment score. 
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Table 3 ROC curve analyses for single parameters for the prediction of ventilator weaning success in elderly patients

Variable Best cut-off Sensitivity Specificity LR+ LR− AUROC

DM (right), mm >10.7* 83.33 75 3.33 0.22 0.839*

DVC (right), mm/s >21.32* 66.67 92.86 9.33 0.36 0.833*

DM (left), mm >9.5* 75 53.57 1.62 0.47 0.549

DVC (left), mm/s ≤2.16* 33.33 100 ‒ 0.67 0.595

RSBI >68* 58.33 85.71 4.08 0.49 0.695

*, indicates a statistically significant AUC (vs. 0.50). ROC, receiver operating characteristic; AUROC, area under the receiver operating 
characteristic curve; DM, diaphragmatic movement; DVC, diaphragmatic velocity of contraction [diaphragmatic velocity of contraction = 
diaphragmatic movement/time of diaphragmatic contraction (mm/s)]; LR, likelihood ratio; RSBI, rapid shallow breathing index.

Table 2 Ultrasonography and clinical variables

Variables DD group (n=30) Non-DD group (n=10) All patients (n=40) P

DM (right), mm 10.67±5.9 11.99±1.75 11±5.19 0.043

DVC (right), mm/s 16.37±10.87 17.12±5.3 16.56±9.72 0.512

DM (left), mm 9.32±3.54 16.62±4.96 11.14±5.03 <0.001

DVC (left), mm/s 10.94±6.67 22.39±4.58 13.8±7.95 <0.001

Total ventilation time, hours 536.4±377.05 250.0±109.02 464.8±352.46 0.020

Weaning time, hours 425.9±268.31 216.0±134.22 368.2±255.57 0.002

Weaning failure, n (%) 24/30 (80.0) 4/10 (40.0) 28/40 (70.0) 0.017

Hospital length of stay, days 33.5±19.19 26.4±8.15 31.7±17.29 0.656

ICU length of stay, days 24.4±17.08 17.6±9.13 22.7±15.65 0.450

28-day mortality (%) 26.7 (8/30) 30.0 (3/10) 27.5 (11/40) 0.838

P values from a t-test or chi-square test. DM, diaphragmatic movement; DVC, diaphragmatic velocity of contraction [diaphragmatic 
velocity of contraction = diaphragmatic movement/time of diaphragmatic contraction (mm/s)]; DD, diaphragmatic dysfunction; ICU, 
intensive care units. 

Figure 2 The measurement of diaphragm movement and diaphragm contraction velocity. (A) In a quiet breathing state, a patient with 
normal offset of the right diaphragm produced a peak that was above the baseline during inhale (a), time of diaphragmatic contraction began 
at the beginning of inspiratory and ended when the peak was reached (b), diaphragmatic velocity of contraction = a/b (mm/s); (B) a patient 
with flat left diaphragm activity showed left diaphragm dysfunction with a lower diaphragmatic movement and lower diaphragmatic velocity 
of contraction.

A B
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Figure 3 The predictive value of ultrasonographically derived 
diaphragm movement measures for mechanical ventilation 
weaning success in elderly patients. The ROC curve analyses 
show that the AUCs of these parameters for predicting weaning 
success were 0.549, 0.839 and 0.746, respectively. RDM exhibits a 
higher predictive value than LDM. LDM, left diaphragm motion; 
RDM, right diaphragm motion; LRDM, left plus right diaphragm 
motion; ROC, receiver operating characteristic.

Figure 4 The predictive value of ultrasonographically derived 
diaphragm contraction velocity measures for mechanical 
ventilation weaning success in elderly patients. The ROC curve 
analyses show that the AUCs of these parameters for predicting 
weaning success were 0.595, 0.833 and 0.583, respectively. RDVC 
exhibits a higher predictive value, while the combination of both 
parameters exhibits a significantly lower predictive value. LDVC, 
left diaphragmatic velocity of contraction; RDVC, right diaphragm 
velocity of contraction; LRDVC, left plus right diaphragm velocity 
of contraction; ROC, receiver operating characteristic.

Figure 5 The predictive value of ultrasonographically derived 
diaphragm movement and contraction velocity measures for 
mechanical ventilation weaning success in elderly patients. 
The ROC curve analyses show that the AUCs for the RDM, 
RDVC and RDMV (three parameters identified as variables with 
predictive power for weaning success) were 0.839, 0.833 and 0.565, 
respectively. The RDM or RDVC exhibits a high predictive value 
as a single parameter, and the combination of both parameters 
exhibits a significantly lower predictive value. ROC, receiver 
operating characteristic; RDM, right diaphragm motion; RDVC, 
right diaphragm velocity of contraction; RDMVC, right diaphragm 
motion combined with the right diaphragm velocity of contraction.

study of elderly patients, we found that higher US measured 
right diaphragm movement and right diaphragm velocity of 
contraction were predictive of ventilator weaning success. 

US is ideally suited for bedside diagnostic examinations 
and has become a vital tool in the management of critically ill 
patients (26-28). Diaphragm US is able to provide accurate 
and reliable measurements of diaphragmatic function in 
ICU patients (29-31), however, few studies have reported 
the use of M-mode US to diagnose DD and predict weaning 
outcomes in mechanically ventilated patients.

We assessed 40 elderly (≥80 years of age) patients 
at the beginning of a SBT. DD was determined using 
US as a diaphragmatic excursion less than 10 mm from 
end-expiration to end-inspiration, or a negative value 
(paradoxical movement). We saw a high prevalence of DD 
(75%) among our patients, who had been mechanically 
ventilated for a mean duration of 464.8±352.46 hours. 
For the majority (75%) this was due to diaphragm muscle 
dysfunction (unilateral 26 and bilateral 4 patients). As 
expected, these results suggest that a longer duration 
of ventilation predisposes to DD. The total ventilation 
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duration was significantly longer among patients with DD 
(536.4±377.05 hours for patients with DD compared with 
250.0±109.02 hours for those without). 

The prevalence of DD in the elderly ICU patients 
enrolled in our study was surprising, but may be even 
higher among the general elderly population (including 
the contribution of patients left out of this study due 
concomitant conditions). Our findings also confirm that 
DD is more common among patients with COPD, which is 
consistent with previous reports (32). 

US measurements were performed during resting 
breathing, excluding small or deep breaths. The subsequent 
analysis was performed by blinded individuals. To reduce 
operator error, all US examinations were performed by two 
persons. Moreover, because diaphragmatic motion varies 
at different parts of the diaphragm, B-mode US was used 
to select the area of diaphragm with maximum motion for 
M-mode US. We observed a 70% (28/40 patients) incidence 
of weaning failure. Failure was much more common among 
patients with DD (80% vs. 40%; P=0.017). The reasons 
behind these weaning failures are likely to be complex. 
However, weaning and mechanical ventilation time was 
significantly longer in patients with diaphragm muscle 
dysfunction. We measured significantly smaller mean right 
and left diaphragmatic motion, and slower left velocity of 
contraction among patient with DD. 

We saw that DD was significantly associated with longer 
total mechanical ventilation duration and weaning time. 
For the 12 patients with weaning success, 7 patients had 
unilateral DD, and 2 patients exhibited higher contralateral 
diaphragmatic activity (29.0 and 31.2 mm), and a faster 
diaphragmatic contraction rate. We speculate that for elderly 
patients with DD, weaning may succeed upon removal of the 
reversible causes of disease worsening, proper compensation 
from a relatively “normal” diaphragm, and restoration 
(or near restoration) of the patient’s pre-worsening 
pathophysiological state. In addition, we routinely used 
HFNC (33) for the weaning tests, which may have 
contributed to weaning success in the DD patients.

ROC curve analysis showed that a right diaphragmatic 
motion >10.7 mm, and a right diaphragm contraction rate 
>21.32 mm/s represent possible predictors for a successful 
weaning outcome in elderly patients. The AUROC curves 
for these variables were 0.839 and 0.833, respectively, and 
exhibited a higher predictive value than the RSBI (cut-off 
>68, AUC =0.695). RSBI is the conventional parameter for 
predicting weaning outcome (34); however, for the elderly 
patients in this study population, the weaning failure rate 

was high and the mean pre-weaning RSBI was 61.89±12.9. 
We speculate that this observation may be associated with 
the imbalance of respiratory load and ability, as well as 
inadequate respiratory endurance in elderly patients. Our 
results also suggested that a left diaphragmatic contraction 
rate ≤2.16 mm/s was predictive of weaning success; however, 
the predictive value was low (AUC =0.595). Moreover, 
several patients exhibited flat left diaphragm activity 
that directly contributed to the lower left diaphragmatic 
contraction rate, which lead to the erroneous conclusion that 
a low left diaphragmatic contraction rate is associated with a 
high weaning success rate. We speculate that this nonsensical 
result may be a result of the small sample size, which is a 
limitation for our study. Other limitations include a lack 
of epidemiological data on the normal diaphragmatic US 
measurements in elderly patients, that a definition of DD as 
diaphragm activity that may not have been ideal (<10 mm).

US evaluation of diaphragmatic function has broad 
array of applications (35). Indeed, many other studies 
(36,37) have shown that diaphragmatic thickness (atrophy) 
determines the length of ventilation or failure to wean. 
According to our past experience, it is difficult to measure 
the thickness of diaphragms. Of course, this study did not 
include the thickness of the diaphragm, which belongs to 
the design defect of this study. In follow-up studies, we will 
focus on the impact of diaphragmatic thickness on weaning 
outcomes in critically ill elderly patients. With respect to 
echocardiography and lung US in ICU patients, data from 
diaphragmatic ultrasonic imaging evaluations remain scarce, 
especially in elderly patients. Furthermore, governments 
and organizations have not developed uniform guidelines 
on the standards and methodology for US in the weaning of 
patients from mechanical ventilation. Our study shows that 
diaphragmatic US imaging of right diaphragm activity and 
the right diaphragm contraction rate could be used to guide 
the weaning of elderly patients off of mechanical ventilation.

Conclusions

Our results show that DD is more common in critically 
ill elderly patients, and may associated with an increased 
incidence of mechanical ventilation weaning failure. Right 
diaphragm movement and right diaphragm contraction 
velocity may exhibit slightly high predictive values for 
a successful weaning outcome in elderly patients on 
mechanical ventilation. Given the small sample size of this 
study, larger, randomized, controlled trials could be useful 
to validate these findings.
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