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Introduction

Mechanical ventilation (MV) is commonly used in the 
intensive care unit (ICU). Aside from its lifesaving role, lung 
injury caused by MV has also been emphasized. Weaning 
from the mechanical ventilator is one such critical issue 

that affects ICU patient outcomes. There are many reasons 
for the failure of weaning clinically, such as: uncontrolled 
primary disease, fluid overload, heart failure, respiratory 
muscle weakness, etc. The prolongation of weaning time 
is positively correlated with the poor prognosis of patients, 
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resulting in ventilator-associated complications like 
pneumonia, upper gastrointestinal bleeding, bacteremia, 
barotrauma, etc. Early weaning and extubation may save 
medical resources as well as reduce the incidence of related 
complications and improve the prognosis of patients (1-3). 
However, obtaining an optimal weaning decision, depending 
on the patient complexity, the number of parameters, and 
the demand for expert’s clinical experiences, has always been 
a substantial challenge for clinicians. As a comprehensive 
indicator, integrative weaning index (IWI) includes Static 
compliance of the respiratory system (Cst, Rs), arterial 
oxygen saturation (SaO2), and rapid shallow breathing index 
(RSBI). Multi-angle evaluation of mechanically ventilated 
patients may increase the success rate of weaning.

Weaning process

The weaning process can be divided into two steps: planned 
ventilator assisted breathing and removal of the tracheal 
tube. The first step commonly takes up 40–50% of the total 
MV time. According to the age, primary disease, physical 
condition, etc. of the patient, the patient-specific weaning 
can be separated into simple weaning, difficulty weaning, 
and even inability to wean. Shorting the weaning time 
has always been a problematic topic in MV, especially for 
patients with MV time greater than 72 hours (4).

Clinical parameters

Various clinical parameters are used to predict weaning 
from MV and extubation outcomes. Among the most used 
in practice are Rapid Shallow Breathing Index (RSBI), 
maximum inspiratory pressure (MIP), and independent 
parameter combinations. Derivative parameters, including 
the Integrative Index (CROP), etc. (5). We outline the role 
of these parameters in the weaning decision below.

Proposed by Yang (6) RSBI is considered the most exact 
parameter for predicting the success of weaning. Patients 
with RSBI less than 105 breaths/min/liter are highly likely 
to be successfully extubated (7). And its predictive power 
was confirmed in later studies (6,8). However, it is still 
controversial on the method to measure the RSBI value 
on different ventilation modes. In Europe, about 49% of 
private hospitals and 50% of public hospital respiratory 
therapists apply the continuous positive airway pressure 
(CPAP) method that measures the RSBI value (9). Monaco 
et al. believe the RSBI value measured by the CPAP method 
is of little clinical value for predicting the outcome 24 hours  

after weaning (10). The study in Patel et al. (11,12) proposed 
that the RSBI value measured by the CPAP method is 
lower than the RSBI value measured by the tidal volume 
meter. However, it does not affect the clinical value of RSBI 
prediction of weaning. Bien et al. applied the five methods, 
including CPAP and tidal volume meter, to measure the 
same group of patients and found there was no significant 
difference in the obtained RSBI value (13). Therefore, this 
study chose to use the tidal volume meter to calculate the 
first minute of the patient’s spontaneous breathing trial 
(SBT). The shallow fast breathing index, the research on 
the RSBI value obtained by different measurement methods, 
and its related derivative parameters on the significance of 
the weaning prediction should be further explored in future 
clinical work.

The dynamic change of RSBI is also an essential factor 
for its prediction ability. Different studies have been a 
focus on this point. Segal et al. measured the RSBI value 
at multiple time points of SBT for 2 hours and compared 
it with the traditional single measurement method. It was 
found the RSBI at 30 minutes after the start of SBT was 
easier to wean than the patient whose RSBI value increased 
by <5% at the first minute. Continuous measurement 
of RSBI values could be more exact than single-shot 
measurements for weaning predictions (14). 

Conversely, Teixeria et al. ,  which is like Segal’s 
application, concluded that the continuous observation 
of RSBI values is of little value in predicting the failure 
of the weaning (15). There are different opinions on the 
best threshold of RSBI. Sassoon and others believe RSBI  
≤60 breath/min/liter period has the greatest predictive 
ability for weaning (16), and Armando J included 59 patients 
who were ready to wean and found that 30.5% of the cases 
failed offline with RSBI ≤105 breaths/min/liter, and the 
RSBI values of these patients were between 80 and 105 (17).

The tracheal airway occlusion pressure P0.1 reflects the 
patient’s respiratory center is the driving force. Its normal 
value is 0.5–1.5 cmH2O, and P0.1 >4.2 cmH2O often 
predicts the weaning failure. MIP reflects the patient’s 
respiratory muscle strength; healthy men and women 
have MIP values between −111±34 and −72±26 cmH2O. 
Patients with MIP value −20 to −30 cmH2O is expected 
to have a higher weaning successive rate. P0.1/MIP is also 
a high-power offline predictor of weaning outcome. In 
clinical practice, P0.1/MIP <0.14 is often used to predict 
the success or failure of the weaning. A recent comparison 
P0.1, MIP, P0.1/MIP three guiding significance weaning 
success, it considers P0.1 sensitivity/MIP over the earlier 
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two high (18). P0.1 and MIP are easy to obtain clinically. In 
this study, statistical software was used to plot the working 
characteristic curves of each parameter, and the statistical 
difference of the area under the curve was compared. 
Compared with the above three, IWI can integrate the 
indicators commonly used in clinical practice to reflect the 
patient’s respiratory system to reflect the accuracy of its 
successful prediction of weaning.

Static respiratory compliance (Cst, Rs) roughly reflects 
the global elasticity of lung tissue. It refers to volume 
changes caused by the pressure changes. Cst obtains static 
respiratory compliance, Rs=Vt/Pplat-PEEP-PEEPi. Cst, 
Rs has been used as an indicator to guide the evacuation of 
ventilators in clinical use.

Integrative weaning index (IWI)

Nemer et al. (19) roposed a new index of the IWI, composing 
several parameters. IWI is a composite parameter of Cst, Rs, 
SaO2, and RSBI:

IWI = Cst, Rs × SaO2/RSBI

with unit mL/cmH2O breath/minute/liter. The change of 
concentration will affect the SaO2 value. In this study, MV 
patients with an oxygen concentration of 0.35 were included. 
Expanding the study on patients with a further range of 
oxygen concentration might be worthwhile to investigate 
the clinical significance of IWI. To help evacuate the 
patient’s MV. For patients in ICUs greater than 24 hours,  
studies have shown IWI predicts the ability to withdraw 
from the machine successfully is better than the above three 
independent parameters and other parameters like P0.1, 
RSBI × P0.1, PaO2/FiO2, VT, etc. (19). We present the 
following article in accordance with the STARD reporting 
checklist (available at http://dx.doi.org/10.21037/apm-20-
1335).

Methods

Object

This is a prospective study. The inclusion criteria: (I) 
patients who required MV and MV for more than 72 hours; 
(II) all patients are above 18 years old and are suffering from 
respiratory failure due to distinct reasons.

These patients are admitted to the Department of 
Critical Care Medicine, the Fourth Hospital of Hebei 
Medical University. The exclusion criteria are (I) dyscrasia 

caused by advanced malignancy; (II)  MV patients 
who have undergone tracheostomy; (III) patients with 
chronic obstructive pulmonary disease; (IV) patients with 
neuromuscular disease leading to spontaneous ventilation 
damage.

This study meets the requirements of medical ethics and 
has been approved by the Ethics Committee of the Fourth 
Hospital of Hebei Medical University (No. 2019150). All 
patients have signed informed consent from their immediate 
family members. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013).

Data collection

Patients were divided into two groups; those which 
unaccepted MV with FiO2 =40% and FiO2 =35% separately. 
There are 25 patients in each group. For each group, such 
a FiO2 setting was fixed for more than 30 min before the 
weaning, and the support pressure ≤8 cmH2O, the positive 
end expiratory pressure(PEEP) ≤5 cmH2O. Weaning was 
considered successful when the patient remained extubated 
without any ventilatory assistance for 24 hours. The 
outcome, recording the success or failure of the weaning, 
for each group was analyzed.

General conditions,  vital  s igns,  main causes of 
respiratory failure, acute physiology, and chronic health 
evaluation (APACHE II), as well as days under MV, are 
documented. MV related settings like expiratory tidal 
volume (VT), intrinsic positive end-expiratory pressure 
(PEEPi), SaO2, and other indicators of arterial blood gas 
analysis are recorded for each patient. Clinical parameters, 
including Cst, Rs, P0.1, MIP, P0.1/MIP, RSBI, and IWI, 
are calculated.

Statistical analysis

Statistical analysis was performed on general data using 
SPSS 13.0 software, and receiver operating characteristic 
curve (ROC) curve analysis was performed using Medcalc 
11.4 statistical software. The data were obtained as a mean ±  
standard deviation (mean ± s), and the independent sample 
t-test was used to compare the data between the two 
groups. A chi-square test was used to compare the sample 
rates between the two groups. The prediction ability of the 
weaning prediction parameters is compared using the area 
under the curve (AUC). P<0.05 was considered statistically 
significant.

http://dx.doi.org/10.21037/apm-20-1335
http://dx.doi.org/10.21037/apm-20-1335
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Results

General clinical data

Within a total of 50 patients with respiratory failure, which 
consists of 34 males and 16 females, 32 patients (64%) 
were successful in weaning, and 18 patients (36%) failed. 
The SaO2 value of the 0.40 group was higher than the 0.35 
group SaO2 (96.73±1.65 vs. 95.47±2.23, P<0.05). Among 
the patients receiving MV with FiO2 =40%, 17 cases (68%) 
got successful weaning, and 8 cases (32%) failed. Within 
the 0.35 group, 15 patients (60%) with successful weaning, 
and ten patients (30%) with weaning failure. There was 
no difference in age, gender, APACHE II score, MV days, 
and weaning success rate between the two groups (P>0.05). 
Furthermore, there were no differences in IWI, RSBI, Cst, 
Rs, MIP, P0.1, P0.1/MIP between the two groups (P>0.05).

FiO2 40% group

IWI >50.40 is the cut-point value to predict the outcome of 
weaning. This cut-point is obtained by analyzing Youden’s 
index combined with the ROC curve (Figure 1). The 
sensitivity for predicting the success of the weaning was 
0.82, and the specificity was 0.88. The AUC of the ROC of 
IWI was 0.846±0.117 (95% CI: 0.646–0.958) (Figure 1 and  
Table 1). There was a statistically significant difference 
compared with MIP (P<0.05). There is no significant 
difference (P>0.05) from RSBI, Cst, Rs, P0.1, P0.1/MIP, 
SaO2. There was a statistically significant difference in the 
mean values of IWI, RSBI, and P0.1 between the successful 
patients with weaning and those with failed weaning 
(P<0.05) (Figure 2). Successful weaning and weaning 
failure patients Cst, RS, the MIP, P0.1/MIP, SaO2 mean no 
significant difference (P>0.05) (Figure 2).

FiO2 35% group 

IWI >39.33 (Table 1) is the best cut-point, the sensitivity 
of predicting the success of weaning was 93.33%, and 
the specificity was 0.90.. The AUC ROC for IWI was 
0.953±0.0394 (95% CI: 0.787–0.998) (Figure 1 and Table 1).  
There was a statistically significant difference between 
IWI and P0.1, MIP, P0.1/MIP, SaO2 (P<0.05). There is 
no statistically significant difference between IWI and 
RSBI, Cst, Rs (P>0.05). There was a statistically significant 
difference in the mean values of IWI, RSBI, Cst, Rs 
between the patients with successful weaning and those 
with failed weaning (P<0.05), while there was no statistical 

difference between P0.1, MIP and P0.1/MIP (P>0.05) 
(Figure 2).

All patients

IWI >45.70 (Table 1) is determined to be the cut-point 
for prediction, the sensitivity of predicting the success of 
weaning was 0.91, the specificity was 0.83, the positive 
predictive value was 0.91, and the negative predictive 
value was 0.88. The AUC of the ROC was 0.908±0.055  
(Figure 1 and Table 1), which was significantly different 
from Cst, Rs, P0.1, MIP, P0.1/MIP, and SaO2 (P<0.05). 
However, there was no statistically significant difference 
(P>0.05) from the area under the curve of RSBI. The 
IWI, RSBI, Cst, Rs, P0.1, and SaO2 values of patients with 
successful weaning were significantly different (P<0.05), 
and there was no significant difference between MIP and 
P0.1/MIP (P>0.05).

Figure 1 ROC curve of weaning parameters for patients with 
respiratory failure to predict weaning. IWItotal, comprehensive 
weaning index for patients with respiratory failure; RSBItotal, 
shallow fast breathing index for patients with respiratory 
failure; csttotal, compliance for patients with respiratory failure; 
P0.1total, respiratory airway closure pressure in patients with 
failure; MIPtotal, maximum inspiratory pressure in patients 
with respiratory failure; PdMtotal, P0.1/MIP in patients with 
respiratory failure; SaO2, arterial blood oxygen saturation in 
patients with respiratory failure.
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Table 1 Predictive ability of withdrawal parameters in patients with respiratory failure

Index Thr Sen (95% CI) Spe (95% CI) PV+ PV− AUC (95% CI) LR+ LR−

IWI >45.70 0.91 (0.75–0.98) 0.83 (0.59–0.96) 0.91 0.83 0.91 (0.79–0.97) 5.44 0.11

RSBI <73.2 0.91 (0.75–0.98) 0.72 (0.47–0.90) 0.85 0.81 0.82 (0.69-0.92) 3.26 0.13

Cst, rs >31.53 0.81 (0.64–0.93) 0.72 (0.47–0.90) 0.84 0.68 0.78 (0.62–0.89) 2.92 0.26

P0.1 <3.7 0.69 (0.50–0.84) 0.83 (0.59–0.96) 0.88 0.60 0.71 (0.57–0.83) 4.13 0.37

MIP >23 0.84 (0.67–0.95) 0.28 (0.09–0.54) 0.68 0.50 0.54 (0.39–0.68) 1.17 0.56

P/M <0.11 0.75 (0.57–0.89) 0.67 (0.41–0.87) 0.80 0.60 0.72 (0.58–0.84) 2.25 0.37

Sen, sensitivity (SE, true positive/true positive + false negative); pe, specificity (SP, true negative/true negative + false positive); PV+, 
positive predictive value (PPV, true positive/true positive + false positive); PV−, negative predictive value (NPV, true negative/true negative 
+ false negative); LR+, likelihood ratio of positive tests; LR−, likelihood ratio of negative tests.

Figure 2 The statistical difference analysis between the fail and succeed group of weaning procedure according to different weaning decision 
methods (where ****P≤0.0001, ***0.0001<P≤0.001, **0.001<P≤0.01, *0.01<P≤0.05 and ns: no significant difference). The fail and succeed 
groups are analyzed by further dividing to subgroups FiO2 =0.35 and FiO2 =0.40. It can be observed from these plots that the IWI parameter 
is a strong predictor to the weaning outcome. The parameter RSBI also provides a strong prediction of the overall weaning outcome for the 
50 patients as well as the FiO2 =0.35 and FiO2 =0.40 subgroups.
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Discussion

Analys is  in  this  s tudy indicated IWI has  certa in 
predictability according to the Swets (20) (0.5≤ AUC ≤0.7, 
lower predicted; 0.7≤ AUC ≤0.9, a certain predictive ability; 
AUC >0.9, high predictive ability). This parameter predicts 
the weaning outcome consistently well within FiO2 0.35 and 
FiO2 0.40 group, although with different cut points.

The ROC curve of the RSBI is  0.82 (Figure 1 and  
Table 1), which is consistent with those reported in earlier 
studies (between 0.77 and 0.89) (6,19,21,22). The RSBI 
threshold for this study was 73.2 (Table 1), also like that 
reported in a previous study (60 breaths/min/liter) (23).

The AUC of the ROC of P0.1 is 0.71 (Figure 1 and  
Table 1) [ranges from 0.47 to 0.93 in (18,24,25)]. In this 
study, P0.1 <3.7 cmH2O was used as the threshold for 
prediction. The sensitivity of the weaning was 0.69, the 
specificity was 0.83, the positive predictive value was 
0.88, and the negative predictive value was 0.60. Among 
all the cases included in this trial, there was a statistically 
significant difference in the mean P0.1 between successful 
and failed weaning.

Although the MIP value is widely used, the accuracy of 
predicting the result of the weaning is not high. According 
to the AUC (0.54) of MIP (Figure 1 and Table 1) we 
conclude the predicted value is low [between 0.52 to 0.71 
in previous studies (6,18,24)]. The recovery of individual 
respiratory muscle strength is not a criterion for successful 
weaning; that is, respiratory muscles may resist breathing 
during the respiratory cycle.

P0.1/MIP as a composite parameter of the two, Capdevila 
XJ, has reported it has a higher predictive value (25). 
However, more studies have shown the area under the curve 
predicting the success of the weaning is 0.71–0.78 (18,24). 
The predictive power of P0.1/MIP is controversial. The 
AUC of P0.1/MIP obtained in this study is 0.73 (Figure 1).  
When P0.1/MIP <0.11, the sensitivity of predicting the 
success of weaning is 0.72, and the specificity is 0.78  
(Table 1). These results show its certain predictive power; 
however, the parameter P0.1/MIP has no significant 
difference between success or failure in weaning patients. 
The clinical value of this predictor needs to be discussed.

In this study, the prediction parameter Cst, Rs has a 
sensitivity of 0.81, a specificity of 0.72, a positive predictive 
value of 0.84, a negative predictive value of 0.68 (Table 1), 
and an area under the curve of 0.78 [like a previous study 
by Nemer (19), which shows its predictive power. However, 
within the group FiO2 =0.40, there is no significant 

difference between patients with different weaning 
outcomes.

The acquisition of clinical weaning parameters should 
be objective, easy to obtain, and does not interfere with 
the treatment of patients. The physiological mechanisms 
leading to respiratory failure are different. Different 
weaning parameters will focus on one aspect of the 
pathophysiological mechanism. At present, the evidence 
of using the weaning index alone to improve the prognosis 
of patients with MV is insufficient. Patients with adequate 
oxygenation and blood flow the three criteria of smooth 
dynamics and adequate spontaneous breathing ability can 
be applied to shorten the patient’s MV time, and the value 
of relying on a single parameter cannot be used as the 
golden rule for predicting the weaning (21). The evacuation 
of a ventilator is a complex dynamic process. Compared 
with individual predictive indicators, many objective 
indicators are jointly obtained. The parameters have certain 
advantages in guiding the weaning. In future research, the 
analysis over different parameters should be confirmed by 
large-scale clinical trials. Moreover, the patient’s long-term 
prognosis, like ICU stay, total hospital stay, and mortality, 
can be included for evaluation.

Conclusions

According to this retrospective study, the parameter IWI 
has a higher predictive ability over weaning outcomes than 
the other parameters. The 0.40 IWI predictive ability was 
lower than the 0.35 group. Before the SBT,  setting the 
FiO2 to 0.35 for more than 30 min may have a better-guided 
significance for MV evacuation.
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