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Introduction

The number of patients requiring mechanical ventilation 

(MV) has increased worldwide, and the proportion of 

patients requiring prolonged mechanical ventilation (PMV) 

has increased concomitantly (1,2). The hospital mortality 
and overall 1-year mortality rates for patients requiring 
PMV are also very high (3,4). However, PMV has been 
variously defined as >24 hours (5), >2 days (6,7), >3 days (8), 
>14 days (9,10), or >21 days (2,11,12) of MV in different 
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studies. Nonetheless, PMV has been defined recently, by 
consensus, constituting ≥21 consecutive days of MV for  
≥6 hours per day because most patients receiving MV who 
are transferred to a long-term acute care (LTAC) hospital 
have received MV for at least 21 days (13).

Weaning success is an important prognostic factor in 
patients requiring PMV (14,15). However, the rate of 
weaning success in patients requiring PMV is low, ranging 
from 38% to 78% (11,16-18). Several studies showed that 
the incidence of chronic obstructive pulmonary disease 
(COPD), neuromuscular disease, high body mass index, 
pneumonia, and high positive end-expiratory pressure 
were associated with weaning failure in patients requiring 
PMV (3,19). However, it is unclear which clinical factors 
influence weaning failure or success because of the different 
definitions of PMV.

We hypothesized that the assessment of specific 
clinical factors on day 21 of MV is predictive of weaning 
outcomes in patients requiring PMV. These clinical factors 
include the patient’s acute physiology and chronic health 
evaluation III (APACHE III) score, and sequential organ 
failure assessment (SOFA) score. The aim of this study 
was to evaluate the clinical characteristics and parameters 
associated with weaning failure in patients requiring MV for 
more than 21 days in the medical intensive care unit (ICU). 

Methods

Subjects

We retrospectively reviewed the medical records of patients 
who stayed for more than 21 days in the medical ICU at 
Chonnam National University Hospital in South Korea 
between January 2005 and December 2014. Patients who 
underwent surgery or experienced trauma were excluded 
from this study. This retrospective clinical study was 
approved by the Institutional Review Board of the Chonnam 
National University Hospital (CNUH-2017-016).

PMV was defined as the need for ≥21 consecutive days of 
MV for ≥6 hours per day (13).

Data collection 

The clinical and demographic characteristics, including age, 
sex, comorbidities, etiologies underlying ICU admission, 
presence of sepsis and multiple organ dysfunction syndrome 
(MODS), duration of MV, length of stay in the ICU and 
hospital, tracheostomy rate, weaning success rate, and 

ICU and in-hospital mortality were recorded. Weaning 
success was defined as the complete liberation from MV for 
seven consecutive days (13). The APACHE III score was 
determined at the time of ICU admission and on day 21 of 
MV. We calculated the SOFA score on day 21 of MV. Sepsis 
was considered if infection was suspected with evidence 
of systemic inflammation, based on a recent international 
consensus conference (20). Organ failure was defined 
according to the consensus committee of the American 
College of Chest Physicians and the Society of Critical Care 
Medicine (21). MODS was defined as the incidence of more 
than two organ dysfunctions. We followed the guidelines 
specified for neuromuscular blockade and sedative agents (22),  
lung protective ventilation (23,24), and spontaneous 
breathing trials (25). 

Statistical analysis

For the sample size calculation, we used a power and sample 
size calculation program (http://biostat.mc.vanderbilt.edu/
wiki/Main/PowerSampleSize). This study design accounted 
for the low rate of weaning success in patients requiring 
PMV by assigning a 1:2 ratio of patients for the weaning 
success to weaning failure groups. There are no previous 
studies that have compared the differences in APACHE III 
scores for weaning failure and weaning success in patients 
with PMV. We based our study design on a previous study 
in which a high APACHE III score was indicative of a 
longer duration of MV (26). We estimated that the mean 
difference of the two groups would be a value of 15 a  
normal distribution, and a standard deviation of 27 for 
each group, based on the results of a previous study and 
the characteristics of our cohort. The calculated minimum 
sample size of weaning success and weaning failure were 
39 and 78, respectively, with 80% power and a type I error 
frequency of 5%.

The continuous variables were presented as medians or 
interquartile ranges and compared using the Mann-Whitney  
U tests. The categorical variables were presented as a number 
or as a percentage and compared using the Chi-squared  
tests. Univariate analysis was used to analyze the association 
of each variable with weaning, and ICU and in-hospital 
mortality. To determine the predictors of weaning and 
ICU and in-hospital mortality, the logistic regression 
analysis was used to perform a multivariate analysis. In the 
logistic regression analysis, stepwise and backward selection 
procedures were used to select the variables that were 
maintained in the final model, with a P value of <0.05 as 
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the criterion for statistical significance. The SOFA score 
was assessed to predict weaning failure in patients requiring 
PMV using a receiver operating characteristic (ROC) curve. 
The Youden index was used to find the optimal cut-off value 
on the ROC curve. The statistical analyses were performed 
using SPSS 21.0 (IBM Corporation, Armonk, NY, USA). A 
P value of <0.05 was considered statistically significant.

Results

Basal characteristics of weaning success and failure groups

A total of 147 patients were consistent with the definition 
of PMV; 20 patients with irreversible brain damage were 
excluded (Figure 1). The basal characteristics of the patients 
requiring PMV according to weaning success or failure are 
shown in Table 1. Among the 127 patients requiring PMV, 
41 (32.3%) were successfully weaned from MV. The median 
age of the weaning failure group was higher compared 
to that of the weaning success group (74.0 vs. 70.0 years;  
P=0.003). Men were predominant in both groups. 
There were no significant differences in the incidence of 
underlying comorbidities between both groups. The most 
common reasons for ICU admission were respiratory 
causes, followed by cardiovascular causes in both groups. 
Pneumonia was the most common respiratory causes for 
ICU admission in the weaning success group (41.5%) and 
weaning failure group (70.9%).

Respiratory causes of ICU admission were more common 
in the weaning failure group compared to the weaning 
success group (76.7% vs. 43.9%; P=0.001). Cardiovascular 
causes for ICU admission were more common in the 
weaning success group compared to the weaning failure 
group (31.7% vs. 9.3%; P=0.004). The median APACHE 
III scores on the day of ICU admission and on day 21 of 

MV were higher in the weaning failure group compared to 
the weaning success group (85 vs. 62, P=0.049; 94 vs. 80, 
P=0.008; respectively). The presence of sepsis and MODS 
on ICU admission was more common in the weaning failure 
group compared to the weaning success group, respectively 
(62.8% vs. 34.1%, P=0.004; 47.7% vs. 17.1%, P=0.001). 
Most patients underwent tracheostomy (85.8%), but no 
significant differences were evident between the groups 
(P=0.055). Of 39 patients who underwent tracheostomy 
with weaning success from MV, only 11 (28.2%) could 
undergo decannulation. The median SOFA score on day 21 
of MV was higher in the weaning failure group compared 
to that of the weaning success group (7 vs. 10; P=0.000). 
The ICU mortality and in-hospital mortality were 55.1% 
and 55.9%, respectively. The weaning failure group had a 
significantly longer duration of ICU and in-hospital stay 
compared to that of the weaning success group.

Predicting factors for weaning failure in patients requiring 
PMV

Table 2 shows the results of the univariate and multivariate 
analysis for identification of predictive factors associated 
with weaning failure in patients requiring PMV. In the 
univariate analysis, seven clinical characteristics were 
associated with weaning failure (all P<0.05): age; respiratory 
causes; and a high APACHE III score and SOFA score on 
day 21 of MV. In the multivariate analysis, the respiratory 
causes of ICU admission [odds ratio (OR), 3.98; 95% 
confidence interval (CI), 1.29–12.30; P=0.016] and a high 
SOFA score on day 21 of MV (OR, 1.47; 95% CI, 1.17–1.85; 
P=0.001) were significantly associated with weaning failure 
in patients requiring PMV. 

Figure 2 is a ROC curve of the SOFA score on day 21 

Patients requiring PMV in medical ICU, n=161

Patients requiring PMV, n=127

Exclusion (n=34)
• Traumatic (n=14)

• Irreversible brain damage (n=20)

Weaning success, n=41 Weaning failure, n=86

Figure 1 Flow chart of the enrollment of patients. PMV, prolonged mechanical ventilation; ICU, intensive care unit.
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Table 1 Basal characteristics of the patients during admission to the ICU

Variables Total (n=127) Weaning success (n=41) Weaning failure (n=86) P value

Age (years) 72.0 (67.0–80.0) 70.0 (61.0–74.0) 74.0 (68.8–81.0) 0.003

Men, n (%) 86 (67.7) 24 (58.5) 62 (72.1) 0.156

Comorbid condition, n (%)

Hypertension 62 (48.8) 25 (61.0) 37 (43.0) 0.087

Diabetes mellitus 44 (34.6) 12 (29.3) 32 (37.2) 0.429

COPD 22 (17.3) 7 (17.1) 13 (15.1) 0.798

Cerebrovascular disease 20 (15.7) 12 (21.1) 8 (11.4) 0.151

Chronic liver disease 16 (12.6) 4 (9.8) 12 (14.0) 0.581

Chronic kidney disease 16 (12.6) 5 (12.2) 11 (12.8) 1.000

Causes of ICU admission, n (%)

Respiratory 84 (66.1) 18 (43.9) 66 (76.7) 0.001

Cardiovascular 21 (16.5) 13 (31.7) 8 (9.3) 0.004

Sepsis other than pneumonia 10 (7.9) 3 (7.3) 7 (8.1) 1.000

Acute kidney injury 1 (0.8) 0 (0.0) 1 (1.2) 1.000

Tetanus 8 (6.3) 7 (17.1) 1 (1.2) 0.002

Neurologic 1 (0.8) 0 (0.0) 1 (1.2) 1.000

Gastrointestinal 2 (1.6) 0 (0.0) 2 (2.3) 1.000

APACHE III score on the day of ICU admission 76.0 (53.0–97.0) 62.0 (52.0–91.0) 85 (53.0–101.0) 0.049

Sepsis on ICU admission, n (%) 68 (53.5) 14 (34.1) 54 (62.8) 0.004

MODS on ICU admission, n (%) 48 (37.8) 7 (17.1) 41 (47.7) 0.001

Tracheostomy, n (%) 109 (85.8) 39 (95.1) 70 (81.4) 0.055

APACHE III score on day 21 of MV 88.0 (71.0–104.0) 80.0 (62.0–91.0) 94.0 (78.0–105.0) 0.008

SOFA score on day 21 of MV 9.0 (7.0–11.0) 7.0 (5.0–9.0) 10.0 (8.0–12.0) 0.000

ICU mortality, n (%) 70 (55.1) 3 (7.3) 67 (77.9) 0.000

In-hospital mortality, n (%) 71 (55.9) 4 (9.8) 67 (77.9) 0.000

Duration of MV (days) 34.0 (27.0–44.0) 42.0 (29.0–49.5) 31.5 (27.0–40.0) 0.016

Length of stay in ICU (days) 36.0 (28.0–49.0) 48.0 (35.0–66.0) 31.5 (27.0–40.0) 0.000

Length of stay in hospital (days) 43.0 (32.0–73.0) 65.0 (49.5–102.0) 38.0 (30.0–51.3) 0.000

The continuous variables are presented as median (interquartile). The categorical variables are presented as number (percentage). ICU, 
intensive care unit; COPD, chronic obstructive pulmonary disease; APACHE, acute physiology and chronic health evaluation; MODS, 
multiple organ dysfunction syndrome; SOFA, sequential organ failure assessment; MV, mechanical ventilation.

Table 2 The predictive factors for weaning failure in patients requiring PMV

Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age 1.04 1.01–1.08 0.016 – – –

Respiratory cause 4.22 1.91–9.33 0.000 3.98 1.29–12.30 0.016

APACHE III score on day 21 of MV 1.02 1.00–1.03 0.028 – – –

SOFA score on day 21 of MV 1.50 1.21–1.85 0.000 1.47 1.17–1.85 0.001

PMV, prolonged mechanical ventilation; OR, odds ratio; CI, confidence interval; APACHE, acute physiology and chronic health evaluation; 
MV, mechanical ventilation; SOFA, sequential organ failure assessment.
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Table 3 The predictive factors for weaning failure in surviving patients requiring PMV

Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age 1.08 1.01–1.15 0.025 – – –

Respiratory cause 4.12 1.22–13.83 0.023 4.91 1.29–18.68 0.019

MODS 4.65 1.33–16.31 0.015 5.63 1.41–22.51 0.015

PMV, prolonged mechanical ventilation; OR, odds ratio; CI, confidence interval; MODS, multiple organ dysfunction syndrome.

of MV for predicting weaning failure in patients requiring 
PMV. 

Predicting factors for weaning failure in surviving patients 
requiring PMV (subgroup analysis)

We performed a subgroup analysis on those who survived 
during hospitalization. A total of 56 patients survived during 
hospitalization, and 37 (66.1%) were weaned successfully 
from MV. Table 3 shows the results of the univariate and 
multivariate analysis for the identification of the predictive 
factors associated with weaning failure among the surviving 
patients requiring PMV. In the multivariate analysis 
respiratory causes of ICU admission (OR, 4.91; 95% CI, 
1.29–18.68, P=0.019), and the presence of MODS on ICU 
admission (OR, 5.63; 95% CI, 1.41–22.51, P=0.015) were 
significantly associated with weaning failure in the surviving 
patients requiring PMV.

Discussion

In this retrospective study, we evaluated the factors 
associated with weaning outcomes in patients requiring 
PMV. Respiratory causes of ICU admission and a high 
SOFA score on day 21 of MV were associated with weaning 
failure in these patients. 

Among the reasons for ICU admission, 66% of the 
patients had respiratory causes, and most of them were 
diagnosed with pneumonia in this study. A previous study 
showed that the incidence of chronic pulmonary diseases, 
with exception to COPD, postoperative acute respiratory 
failure, and pneumonia, was associated with difficult and 
prolonged weaning in patients with MV (27). COPD was 
not associated with weaning failure following a multivariate 
analysis in the present study. These findings could have 
resulted from the relatively small number of patients with 
COPD (17%) in the present study. Therefore, further 

Figure 2 ROC curve of SOFA score on day 21 of MV for predicting weaning failure in patients requiring PMV. The black line is a reference 
line. ROC, receiver operating characteristic; SOFA, sequential organ failure assessment; MV, mechanical ventilation; PMV, prolonged 
mechanical ventilation; AUC, area under the curve; SE, standard error; CI, confidence interval; PPV, positive predictive value; NPV, 
negative predictive value.
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studies are required to determine whether COPD reduces 
weaning success in patients requiring PMV.

The SOFA scoring system, which was introduced in 
1994, is a reliable predictive factor of mortality during ICU 
stay (28). Gnanapandithan et al. reported that the value of the 
baseline SOFA scores at baseline was related to successful 
extubation from MV (29). Additionally, Tseng et al.  
reported that high SOFA score was also associated with an 
increased ventilator dependence in patients with VAP (30).  
In our study, a high SOFA score on day 21 of MV was 
associated with weaning failure in patients requiring PMV. 
The area under the ROC curve of the SOFA score on 
day 21 of MV for the prediction of weaning failure was 
0.77 (95% CI, 0.67–0.87; P=0.000). In this study, the high 
SOFA score on day 21 of MV was also associated with 
ICU mortality (OR, 1.66; 95% CI, 1.30–2.12; P=0.000). 
Although the clinical predictive factors are multifactorial 
in patients requiring PMV, the SOFA score on day 21 of 
MV can also be predictive of both weaning failure and ICU 
mortality. However, SOFA score was not predictive weaning 
failure among in surviving patients. Because SOFA score was 
associated with both weaning failure and ICU mortality in 
this study, the predictability of SOFA score as weaning failure 
may decrease after exception of those non-survivors. Further 
multi-center prospective studies are necessary to validate the 
utility of assessing the SOFA score on day 21 of MV.

Recently, LTAC hospitals have been introduced for 
patients who require a longer hospital stay that can be 
accommodated in acute-care hospitals. LTAC hospitals are 
defined as acute-care hospitals with a mean length of stay 
of more than 25 days (31). Although LTAC facilities can 
reduce the length of ICU stay and hospital costs, survival 
and functional independence 1 year after discharge from the 
ICU are poor (32). There are also respiratory intermediate 
care units (RICU) and specialized regional weaning centers 
(WCs) available to patients who require additional care. 
The sequential admission to RICU and WCs can further 
improve the weaning success rate of difficult-to-wean 
patients (33). Unfortunately, our hospital does not offer 
the services associated with LTAC, RICU or WCs. This 
limitation might result in the lower rate of weaning success 
observed in the present study. 

Most patients in this study (85.8%) underwent 
tracheostomy; however, only 32.3% of the patients 
were successfully weaned from MV. Tracheostomy may 
reduce the incidence of VAP, the duration of MV, and the 
length of ICU stay (34,35). However, the optimal timing 
of tracheostomy is still undefined. Early tracheostomy 

resulted in a decreased risk of mortality and increased 
weaning success in some studies (36-38). In contrast, early 
tracheostomy did not significantly alter the mortality rate or 
the duration of MV in other studies (39,40). In the present 
study, the interval from intubation to tracheostomy did not 
significantly differ between the weaning success and failure 
groups (a median day of 16 days vs. 15 days; P=0.725). Most 
patients requiring PMV eventually require tracheostomy 
to maintain their airways. However, it was apparent that 
tracheostomy failed to improve the weaning success of 
patients requiring PMV. Furthermore, PMV care must also 
be considered when tracheostomy is first proposed (13).

There were several limitations to this study. First, the 
number of patients included in this study was small as a 
single-center study. Additionally, there was also the possible 
risk of over-fitting due to the small number of enrolled 
patients and the presence of inter-dependent covariates that 
may have limited the statistical power of this study. Second, 
we could not completely follow up the patients who were 
transferred to other hospitals. Some patients who were 
successfully weaned from MV following a transfer to another 
hospital may have been excluded from our analysis. Third, 
although there are various factors associated with weaning 
failure, we could not fully examine the factors such as 
respiratory physiological parameters, MV modes, endocrine 
and metabolic dysfunction, ICU-acquired weakness, or 
diaphragm dysfunction, because this study was performed 
retrospectively. Therefore, future prospective multi-center 
studies of patients requiring PMV are necessary.

Conclusions

Patients requiring PMV have a low weaning success 
rate and poor outcomes. Although the predictive factors 
associated with weaning failure in patients requiring PMV 
are multifactorial, respiratory causes of ICU admission and 
a high SOFA score on day 21 of MV could be predictive of 
weaning failure in these patients. 
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